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MINUTES   OF    MEETINGS 
OF  THE  SOCIETY 


December  i8th,  191 2. —The  meeting  was  called  to  order  at  8.30 
p.  M.;  Director  T.  Kennard  Thomson  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  83  members  and  13  guests. 

A  paper  by  Spencer  Miller,  M.  Am.  Sec.  C.  E.,  entitled  "Prevention 
of  Mosquito  Breeding,"  was  presented  by  the  author  and  illustrated 
with  lantern  slides.  The  Secretary  read  communications  on  the  sub- 
ject from  Messrs.  Harold  Farnsworth  Gray,  and  J.  J.  Kosenthal,  and 
the  paper  wa.s  further  discussed  by  Dr.  Kalph  H.  Hunt  and  IMessrs. 
Robert  A.  Rutherfurd,  James  Owen,  Kenneth  Allen,  George  A.  Flynn, 
Frederic  A.  Snyder,  George  N.  Cole,  and  the  author. 

A  paper  entitled  "The  Sanitation  of  Construction  Camps,"  by 
Harold  Farnsworth  Gray,  Jun.  Am.  Soc.  C.  E.,  was  presented  by  title. 
A  written  discussion   on  the  subject  by  R.   C.  Hardman,  Assoc.   M. 
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Am.  Soe.  C.  E.,  was  read  by  the  Secretary,  and  the  paper  was  dis- 
cussed orally  by  Messrs.  Frank  E.  Winsor,  George  A,  Flynn,  and 
Spencer  Miller. 

The   Secretary   announced  the  following  deaths: 

Alfred  Paxcoast  Boi.ker  (Vice-President),  elected  Member,  Decem- 
ber 4th,  1867 ;  died  December  9th,  1912. 

Charles  Albert  Allen,  elected  Member,  June  4th,  1879;  died  De- 
cember 9th,  1912. 

Thomas  Chalkley  James  Eailv,  Jr.,  elected  Member,  October  4th, 
1905;  died  December  7th,  1912. 

KoBERT  Ballard,  elected  Member,  September  1st,  1880;  died  Novem- 
ber 22d,  1912. 

Andrew  Bell,  elected  Member,  September  5th,  1883;  died  October 
2:3d,  1912. 

James  Moore  Shanly,  elected  Member,  July  6th,  1887;  died 
November  28th,  1912. 

Henry  Encjland  GRii\[.\r,  elected  Junior,  October  2d,  1900;  Associate 
.Member,  November  4th,  1908;  died  December  12th,  1912. 

James  Breckinridge  Speed,  elected  Associate,  May  2d,  3888;  died 
July  7th,  1912. 

Adjourned. 

January  8th,  1913.— The  meeting  was  called  to  order  at  8.30  p.  M.; 
President  Ockerson  in  the  chair;  T.  J.  McMinn,  Assistant  Secretary, 
acting  as  Secretary;  and  present,  also,  84  members  and  12  gviests. 

The  minutes  of  the  meeting  of  November  20th  and  December  4th, 
1912,  were  approved  as  printed  in  Proceedings  for  December,  1912. 

A  paper  by  H.  T.  Cory,  M.  Am.  Soc.  C.  E.,  entitled  "Irrigation 
and  River  Control  in  the  Colorado  River  Delta,"  was  presented  by 
the  Assistant  Secretary,  who  also  read  written  communications  on 
the  subject  from  Messrs.  L.  J.  Le  Conte  and  Morris  Knowles. 

The  Assistant  Secretary  announced  the  election  of  the  following 
candidates  on  January  7th,  1913 : 

As  Members 

Ralph  Budd,  Portland,  Ore. 
William  Stoddert  Caruthers,  Sacramento,  Cal. 
Elmer  Ellsworth  Colby,  Alva,  Okla. 
William  McClurg  Donley,  Pittsburgh,  Pa. 
Johannes  Marcelius  Hammer,  Pittsburgh,  Pa. 
Frank  Willard  Hanna,  Washington,  D,  C. 
Washington  J  Miller,  San  Francisco,  Cal. 
Jerome  Newman,  San  Francisco,  Cal. 
Royal  Albert  Polhamus,  Chicago,  IlL 
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As  Associate  Members 
Amon  J>kx.)AiMI.n    Bkown,  Kiipert,  Idtiho 
Levant  R  Brown,  Lafayette,  Ind. 
Charles  Stephen  Christian,  Texarkana,  Ark. 
Stafford  Xavier  Comber,  New  York  City 
Warren  Hoover  Converse,  Jr.,  Chattanooga,  Tenn. 
Sidney  Wooddell  Coorer,  Koswell,  N.  Mex. 
Thomas  Meredith  Davidson,  Chicago,  111. 
Harry  Johnson  Deutschbein,  Little  Hocking,  Ohio 
Charles  Slauter  Doron,  Brooklyn,  N.  Y, 
OcTAVio  Manuel  Figueroa,  Buenos  Aires,  Argentine  Republic 
Joseph  Gallagher,  Manila,  Philippine  Islands 
John  Huston  Clark  Gregg,  New  Paltz,  N.  Y. 
Charles  Marsh  Husband,  Bellevue,  Pa. 
Amund  Marius  Ivors  mo,  Oakley,  Idaho 
William  Eustace  Maclean,  Vancouver,  B.  C,  Canada 
Thomas  Rucker  McSwain,  Tulare,  Cal. 
William  Benjamin  Moss,  Tompkinsville,  N.  Y. 
George  Nelson,  Los  Angeles,  Cal. 
Howard  Eastwood  Phelps,  Boulder,  Colo. 
Percy  Allen  Seibert,  La  Paz,  Bolivia 
Plumer  Henry  Smith,  Texas  City,  Tex. 
John  Lynch  Stanage,  Fort  Worth,  Tex. 
Harry  Stewart  Van  Scovoc,  Montreal,  Que.,  Canada 
Vernon  Gregg  Watters,  Live  Oak,  Fla. 
Charles  Asa  Dilts  Young,  Seattle,  Wash. 

As  Associates 
Frederick  Calvin  Davis,  San  Francisco,  Cal. 
Ralph  Leroy  Parshall,  Fort  Collins,  Colo. 

As  Juniors 
Paul  Bailey,  Sacramento,  Cal. 
George  Lindsley  Burr,  New  York  City 
Cecil  Ward  Howard,  Cincinnati,  Ohio 
Sydney  Bishop  Lamb,  Laramie,  Wyo. 
William  Bruce  McMillan,  San  Jose,  Cal. 
Stuart  Fabian  Magor,  Torrance,  Cal. 
Henry  Brackette  Parker,  Albany,  N.  Y. 
Edmund  John  Pickford,  Johannesburg,  South  Africa 
Albert  Fredrick  Porzelius,  Little  Rock,  Ark. 
Walter  Mickle  Smith,  Jr.,  West  New  Brighton,  N.  Y. 
Alfred  Kenneth  Starkweather,  Bloomfield,  N.  J. 
James  Bertrand  Wells,  Palo  Alto,  Cal. 
Frederick  John  Wright,  Paterson,  N.  J. 
George  Leland  Youmans,  Winesap,  Wash. 
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The  Assistant   Secretary  announced  the  transfer  of  the  following 
candidates  on  January  7th,  1913 : 

From   Associate  Member  to  Member 

Joiiis   Sebastian  Conway,  Washington,  D.  C 

Joseph  Spencer  Crane,  Newark,  IST.  J. 

John  Williams  Doty,  New  York  City 

Howell   Tracy   Fisher,   Montreal,   Que.,    Canada 

William  Kendrick  Hatt,  Lafayette,  Ind. 

William  August  Hunicke,  Homer,  La. 

Clyde  Webster  MacCornack,  Phoenixville,  Pa. 

Holton  Duncan  Eobinson,  New  York  City 

Charles  Perkins  Webber,  Tierra  Blanca,  Ver.,  Mexico 

William  Henry  Yates,  Albany,  N.  Y. 

From  Junior  to  Associate  Member 

EoGER  Derby  Black,  Albany,  N.  Y. 

Myron  Carlos  Burr,  Fort  George,  B.  C,  Canada 

Wayne  Joseph  Burton,  Kansas  City,  Mo. 

Foster  Baldwin  Crocker,  Eome,  N.  Y. 

Gage  Haselton,  Portland,  Ore. 

Francis  William  McKinney,  Baltimore,  Md. 

Hunter  Imboden  Snyder,  Jacksonville,  Fla. 

From  Junior  to  Associate 
Edward  John  Meiiren,  New  York  City 
The  Assistant  Secretary  announced  the  following  deaths: 
Morris  M.  Defrees,  elected  Member,  March  3d,  1880;  died  October 
16th,  1912. 

Julian   Thornley,   elected  Associate  Member,   January   2d,   1901; 
Member,  September  5th,  1905 ;  died  December  21st,  1912. 

John  Haavkesworth,  elected  Junior,  September  6th,  1904;  Associate 
Member,  November  4th,  1908 ;  died  December  10th,  1912. 

Adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE    MEETINGS 

February  5th,  1913. — 8.30  P.  M. — This  will  Ix-  a  regular  Inisiiu'ss 
meeting'.  'J'wo  papers  will  be  presented  for  discussion,  as  follows: 
"Cliaracteristics  of  Cup  and  Screw  Current  Meters;  Performance  of 
These  Meters  in  Tail-Races  and  Large  Mountain  Streams;  Statistical 
Synthesis  of  Discharge  Curves,"  by  B.  F.  Groat,  Assoc.  M.  Am.  Soc. 
C.  E. ;  and  "The  Infiltration  of  Ground-Water  into  Sewers,"  by  John  N. 
Brooks,  Jun.  Am.  Soc.  C.  E. 

These  papers  were  printed  in  Proceedings  for  December,  1912. 

February  19th,  1913. — 8.30  P.  M. — Two  papers  will  be  presented 
for  discussion  at  this  meeting,  as  follows:  "A  Suggested  Improvement 
in  Building  Water-Bound  Macadam  Roads,"  by  J.  L.  Meem,  Assoc. 
M.  Am.  Soc.  C.  E.;  and  "On  Long-Time  Tests  of  Portland  Cement," 
by  I.  Hiroi,  M.  Am.  Soc.  C.  E. 

These  papers  were  printed   in   Proceedings  for  December,   1912. 

March  5th,  1913.— 8.30  P.  M.— A  regular  l)usiucss  meeting  will 
be  held,  and  a  paper  by  Caleb  Mills  Saville,  M.  Am.  Soc.  C.  E., 
entitled  "Hydrology  of  the  Panama  Canal,"  will  be  presented  for 
discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

March  19th,  1913.— 8.30  P.  M.— At  this  meeting  a  paper  by  E.  J. 
Schneider,  M.  Am.  Soc.  C.  E.,  entitled  "Construction  Problems, 
Dumbarton  Bridge,  Central  California  Railway,"  will  be  presented 
for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

SEARCHES   IN  THE   LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who   looks   up  such  matters  himself,   and  the  work  can  be 
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performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with. the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 

PAPERS]  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee,  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

LOCAL   ASSOCIATIONS   OF   MEMBERS 

OF  THE   AMERICAN   SOCIETY   OF   CIVIL   ENGINEERS 

San  Francisco  Association 

The  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
0  p.  M.,  at  the  Palace  Hotel  on  the  third  Friday  of  February,  April, 
June,  August,  October,  and  December,  the  last  being  the  Annual 
^Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  m.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 

*  Proceedings,  Vol.  XXXllI,  p.  20  (January,  1907);  Vol.  XXXVIl,  p.  28  (January,  1911). 
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Secrotary  of  tho  Association.  E.  T.  Thurston,  Jr..  M.  Am.  Soc.  C.  E., 
713    Meclianics'    Institute,   57  Post  Street. 

The  hy-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  nieniher  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  ni(>niher  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary,  Gavin  N.  Houston,  M.  Am.  Soc.  C.  E.,  409  Equitable 
Building.  Denver,  Colo.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will   be  welcomed   at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and,  imtil  further  notice, 
will  take  idace  at  the  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta    Association 

On  ifarcli  14th,  1912,  the  Atlanta  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized,  with  the  following 
otiicer.s:  Arthur  Pew,  President;  William  A.  Hansell,  Jr.,  Secretary; 
and  Messrs.  James  N.  Hazleluust  and  Alexander  Bonnyman,  Members 
of  the  Executive  Committee.  The  Association  will  hold  its  meetings 
in  the  house  of  the  University  Club. 

PRIVILEQES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms  and  at  all  meetings: 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City. 
American  Society  of  Mechanical  Engineers,  29  West  Thirty-nuith 

Street,  New  York  City. 
Architekten-Verein  zu  Berlin,    Wilhelmstrasse   92,   Berlin  W.    ti<>, 

(Jermany. 
Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,    Melbourne,    Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,  117  Renisen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  413   Dorchester  Street,  AVest, 

Montreal,  Que.,  Canada. 
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Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 

Cleveland  Engineering  Society,  Chamber  of  Commerce  Building, 
Cleveland,  Ohio. 

Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 

Dansk   Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 

Engineers'  and  Architects'  Club  of  Louisville,  Ky.,  303  Norton 
Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 

Engineers'  Club  of  Baltimore,  Baltimore,  Md. 

Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 
Minn. 

Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 

Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 
Canada. 

Engineers'  Society  of  Northeastern  Pennsylvania,  302  Board  of 
Trade  Building,  Scranton,  Pa. 

Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 
Pa. 

Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 
Pittsburgh,  Pa. 

Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  England, 

Institution  of  Engineers  of  the  River  Plate,  Buenos  Aires,  Ar- 
gentine Republic. 

Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninklijk  Instituut  van  Ingenie.urs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  321  Hibernia  Bank  Building,  New 
Orleans,  La. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer  Ingenieur-  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur-  und  Archltekten-Verein,  Dresden,  Germany. 
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Socledad  Colombiana  de  Ingenleros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des   Ingenieurs  Civils    de    France,  19  Hue  Blanche,  Paris, 

France. 
Society    of    Engineers,    17    Victoria    Street,    Westminster,    S.   W., 

London,  England. 
Svenska    Teknologforeningen,    Bruukebergstorg     18,     Stockholm, 

Sweden. 
Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 
Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 


10 


ANNUAL  EEPORTS 


[Society  Affairs. 


ANNUAL   REPORT    OF   THE    BOARD    OF   DIRECTION   FOR 
THE  YEAR  ENDING  DECEMBER  31st,  1912. 

In  compliance  with  the  Constitution,  the  Board  of  Direction  pre- 
sents its  report  for  the  year  ending  December  31st,  1912. 

The  Society  is  growing  very  rapidly,  and  in  this  report,  in  addition 
to  tlie  usual  statistics  given  under  various  headings,  other  facts 
have  been  briefly  stated  in  the  belief  that  the  membership  will  be 
interested  in  having  a  more  detailed  knowledge  of  the  general  condi- 
tion of  the  Society,  and  of  the  amount  of  work  necessary  at  the  present 
time  to  carry  out  its  functions  in  a  manner  most  useful  to  the 
membership. 

MEMBERSHIP 

The  changes  in  membership  are  shown  in  the  following  table: 


Jan.  1st,  1912. 

Jan.  1st,  1913. 
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tions. 

Total. 
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Honorary  Members. 

■  'eis 

497 

80 

169 

6 

"633 
.513 
76 
156 

7 

7 

2 

2  432 

2  178 

103 

658 

12 

§1 

Corresponding    "    . 

Members 

"81 

2 

102 

9 
16 

5 
16 

5 
16 

2 
25 

51 
9 
3 

'2 
66 

*83 
tl02 

12 

§119 

11325 
11 

1154 

65 
122 

12 

143 

2 

345 

202 

487 

13 

154 

796 

137 

Associate  Members. 
Associates 

305 
1 

Juniors 

11 

Fellows 

12 

185 

46 

48 

609 

Totals 

1  375 

4  951 

6  326 

1  385 

5  392 

6  777 

187 

451 

*  81  Associate  Members,  1  Associate  and  1  Junior. 

t  1  Associate  and  101  Juniors. 

t  2  Juniors. 

§  3  Reinstatements. 

II  1  Reinstatement. 

t  Decrease. 

It  will  be  noted  that  the  net  increase  in  membership  for  the  year 
is  451. 

With  the  last  Annual  Report  of  the  Board  a  diagram  showing  the 
total  membersliip  each  year  on  January  1st,  from  1871  to  1912,  was 
l)ublished.  It  may  be  found  of  interest,  as  showing  the  increase  in 
total  membership,  to  give  the  following  figures  for  10-year  periods: 

On  January  1st,  1873,  the  total  membership  was  337: 

For  the  10  years  1873-1882  (inclusive)  the  total  net  increase  was      382 

"       "     "       "       1883-1892  "  "       "       "  "  "         890 

"       "     "       "       1893-1902  "  "       "       "  «  "      1103 

u       u     u       u       1903-1912  "  "       "       "  "  ''      4  065 
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The  number  of  applications  received  during  1912  was  90(5:  070  for 
admission,  and  23G  for  transfer. 

Tlio  losses  by  death  reported  during  the  year  number  06,  and  are 
as  follows : 

Honorary  Members   (1)  :  George  Wallace  Melville. 

Members  (51):  Charles  Albert  Allen,  Thomas  Chalkley  James 
Haily  Jr.,  Robert  Ballard.  Andrew  Bell,  Frederick  Wagoner  Bennett, 
Alfred  Pancoast  Boiler,  Daniel  Seymour  Brinsmade,  Carl  Waldomar 
Huchholz,  Alfred  Ellsworth  Carter,  James  Edmund  Childs,  William 
Joinings  Clapp,  Morris  M.  Defrees,  Samuel  Clarence  Ellis,  James 
Kennon  Geddes,  Stephen  Samuel  ITaight,  Julien  Astin  Hall,  Charles 
Lewis  Harrison,  Benjamin  Morgan  Ilarrod,  Arthur  Powis  Herbert, 
John  Herron,  James  Breading  Hogg,  Horace  E.  Horton,  William 
Bell  White  Howe.  Thomas  Moore  Jackson,  Edward  Henry  Keating, 
(Jeorge  Albert  Kimball,  Lewis  Kingman,  William  Frederick  Lockwood, 
Henry  Fiddeman  Lofland,  James  Riddle  Maxwell,  Frank  Otis  Melcher, 
David  Spencer  Merritt,  Charles  Augustine  Miner,  Edward  Mohun, 
Charles  Edward  Moore,  Charles  James  Morse,  John  Lawrence  Power 
O'Hanly,  LaFayette  Olney,  W^altcr  A.  Post,  Joseph  Allen  Powers, 
William  Haselton  Puffer,  Robert  Leland  Read,  James  Dix  Schuyler, 
James  ^foore  Shanley,  Cecil  Brunswick  Smith,  Joseph  Sliuter  Smith, 
T.  Guilford  Smith,  Julian  Thornley,  William  Chattin  Wetherill, 
George  Howard  White,   Heniy   Fisher  White. 

Associate  Members  (9)  :  Rowan  Ayres,  Donald  Dean  Colvin,  Henry 
England  Grimm,  Walter  Scott  Hanna,  John  Hawkesworth,  Antonio 
Esteban  Mesa,  William  Madison  Myers,  Ulrich  Taubenheim,  James 
Hugh  Wise. 

Associates  (3)  :  Basil  Henry  Leather,  James  Dynan  Newton,  James 
Breckinridge  Speed. 

Fellows  (2) :  Bernard  N.  Farren,  Stephen  Holman. 

LIBRARY 

The  total  contents  of  the  Library  and  the  increase  during  the  year, 
are  shown  in  the  following  statement: 

Total  Increase 

Contents.  during  1912. 

Bound    volumes 21907  1282 

Unbound   volumes 42  132  2  415 

Specifications    7 197  180 

Maps,  photographs  and  drawings....  4  598  172 

Total    75  834  4  049 

Of  these,  1720  were  donations  received  in  answer  to  special  re- 
quests; 94  were  donations  from  publishers;  1980  were  donations  re- 
ceived in  regular  course,  and  255  were  purchased. 
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The  value  of  accessions  to  the  Library  during  the  year  is  as  fol- 
lows, each  accession  having  been  valued  separately  as  received: 
Donations  and  exchanges  (estimated  value) .  .      $2  423.99 

255  volumes  purchased  (cost) 761.39 

Binding  348  volumes 412.00 

Total  $3  597.38 

The  following  amounts  have  been  expended  upon  the  Library  during 
the  year: 

Purchases,  subscriptions,  and  binding $1  173.39 

Fixtures,  svipplies,  express  charges,  etc 239.06 

Total   $1  412.45 

The  card  index  now  contains  about  83  000  cards. 

During  the  year  67  new  bibliographies  (containing  2  537  separate 
references)  have  been  made,  copies  of  14  searches  made  in  previous 
years  have  been  furnished,  6  of  these  having  been  brought  up  to  date. 
The  total  cost  of  this  work,  $793.93,  has  been  charged  to  those  for 
whom  it  was  undertaken. 

The  total  attendance  in  the  Reading  Room  and  Library  during  the 
year  was  3  967,  but  this  does  not  include  those  who  use  the  Library 
during  the  semi-monthly  meetings. 

For  a  statement  in  detail  of  the  general  work  carried  out  in  the 
Library,  members  are  referred  to  the  report  of  the  Board  for  last 
year. 

OFFICE   WORK 

The  following  summary  may  serve  to  place  before  the  membership 
some  idea  of  the  volume  of  work  required  in  the  office. 

During  the  year  1912  the  following  material  was  mailed  from  the 
Society  House:  17  529  Letters;  27  800  Postals;  6  718  Forms;  20  442 
Volumes  of  Transactions;  68  899  Numbers  of  Proceedings;  70  785 
copies  of  Preliminary  Lists;  64  604  Circulars;  7  077  copies  of  List  of 
Members:  6  314  Volumes  of  Index  to  Transactions;  4  522  Separate 
Papers  (about  1 000  packages) ;  895  copies  of  Memoirs  (about  100 
packages);  11032  Bills;  6  600  Receipts;  319  Ballots;  642  Badges;  and 
321  Certificates  of  Membership ;  a  total  of  310  182  pieces,  or  an  average 
of  1  024  pieces  for  every  working  day.  Therefore,  the  average  number 
of  times  the  Society  communicates  with  each  of  its  members  during 
the  year  is  about  50. 

During  1912  the  total  weight  of  material  handled  in  the  office  and 
forwarded  by  mail,  express,  etc.,  was  about  81^  tons,  of  which  Trans- 
actions, Proceedings,  and  Indexes  constituted  about  72  tons. 

The  Bookkeeping  Department  now  handles  7  000  separate  accounts, 
and  this  number  increases  by  500  each  year. 
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The  checking,  rewriting  and  briefing  of  the  900  applications  re- 
ceived each  year,  including  proof  reading  for  the  Preliminary  Lists  of 
Candidates,  requires  great  care  and  much  time. 

The  volume  of  the  piiblications  is  shown  under  the  next  heading, 
but  reference  should  be  made  here  to  the  large  amount  of  editorial 
work,  and  to  the  proof  reading,  preparation  of  illustrations,  etc. 

PUBLICATIONS 

During  the  year,  ten  numbers  of  Proceedings,  one  volume  of  Trans- 
actions for  1911,  and  one  for  1912,  one  volume  of  Index  to  Transac- 
tions and  one  List  of  Members,  have  been  issued. 

In  Proceedings  the  list  of  references  to  current  engineering  litera- 
ture has  been  continued,  and  has  covered  148  pages  and  contained 
6  409  classified  references  to  108  periodicals. 

The  stock  of  the  various  publications  of  the  Society,  kept  on  hand 
for  the  convenience  of  members  and  others,  now  amounts  to  160  055 
copies,  the  cost  of  which  to  the  Society,  for  paper  and  press  work  only, 
has  been  $23  316.20. 

During  the  year,  8  377  volumes  of  Transactions  and  4  275  volumes 
of  Index  to  Transactions  have  been  bound  for  members  and  others 
in  standard  half-morocco  and  cloth  bindings. 

Summary  of  Publications  for  1912. 

Ts^iips       Average  Total        piates     Cuts 

issues.     Edition.         Papes.       f^^^^^-    ^uts. 

Transactions  (Volumes  LXXIV  and 

LXXV) 2  6  S7o  1  772  7o       2s;{ 

Proceef7i)if/.s  (monthly  numbers) 10  7  100  2  08(5  140       194 

Constitution  and  List  of  Members.  .  1  7  400  277  ...  1 
Index   to    Transactions,  Volumes  I 

to  LXXIV 1  7  200  412       


Totals 14         o047  21.-,       47S 

The  cost  of  publications  has  been: 

For  Paper,  Printing,  etc..  Transactions  and  Proceedings.  .  $26  947.87 

For  Plates  and  Cuts 2  544.86 

For  Boxes,  Mailing  Lists,  Copyright,  and  Sundry  Expenses  940.97 

For    9  125  Extra  Copies  of  Papers  and  Memoirs 1  510.34 

For  List    of    Members 1  793.15 

For  Index  to  Transactions,  Volumes  I  to  LXXIV 1  960.44 

Total $35697.63 

Deduct  amount  received  from  sale  of  publications 4  924.28 

Net  expenditure  for  publications  for  1912 $30  773.35 
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In  the  last  Annual  Report  the  Board  announced  briefly  that  a  new 
system  of  publication  would  go  into  effect  in  1912,  the  chief  change 
being  the  issue  of  one  volume  only  of  Transactions,  instead  of  four. 
In  order  to  accomplish  this  "Bible"  or  "India"  paper  was  to  be  used. 
Volume  LXXV,  just  issued,  is  the  result,  and  from  the  many  ex- 
pressions of  commendation  received,  it  appears  that  the  change  has 
been  highly  satisfactory  to  the  membership,  and  that  the  prediction  that 
it  would  be  a  material  advance  has  been  realized.  In  addition  to  the 
fine  appearance  of  the  letter-press  of  this  Volume,  and  its  compact- 
ness (more  than  1  200  pages  being  less  than  one  inch  in  thickness), 
it  is  economical.  A  comparison  of  the  cost  of  this  Volume,  including 
the  postage,  with  that  of  the  same  quantity  of  matter  if  published  in 
the  old  way,  but  omitting  consideration  of  the  half-morocco  and  cloth 
bindings  undertaken  for  members,  shows  an  additional  cost  of  only 
$432;  whereas,  if  that  binding  is  included  in  the  comparison,  the 
total  cost  of  the  Volume  is  $1  020  less  than  if  published  in  the  old 
way.  Moreover,  in  future  years,  when  the  number  of  pages  in  the 
annual  volume  is  greater  than  in  this  one,  ijerhaps  twice  as  great, 
the  additional  cost  per  page  will  be  reduced,  and  the  advantage  of  this 
method  will  be  shown  by  a.  still  greater  reduction  in  the  total  cost. 

The  fact  should  also  be  pointed  out  that  the  saving  to  the  individual 
members  of  the  Society  who  have  their  Transactions  bound,  has,  on 
this  volume  alone,  aggregated  $1 519,  and  that  this  saving  will  be 
fully  twice  as  great  in  the  future. 

In  addition  to  the  issue  of  the  Proceedings  and  Transactions,  an 
Index  to  Volumes  I  to  LXXIV  (covering  the  entire  issue  of  this  pub- 
lication to  date)  has  been  compiled  during  the  year,  and  issued  to  all 
members. 

In  a  general  way  it  may  be  of  interest  to  give  some  figures  as  to 
the  amount  of  printed  matter  issued  by  the  Society.  The  issue  of 
Monthly  Proceedings  as  well  as  Transactions  was  begun  in  January, 
1896,  and  since  that  time  every  issue  of  the  former  has  been  mailed 
to  the  membership  on  the  fourth  Wednesday  of  the  month.  The  total 
number  of  pages  published  since  that  date  has  been  60  167,  an  average 
of  3  539   pages  per  annum. 

MEETINGS 

During  the  year  29  meetings  have  been  held,  as  follows :  At  the 
Annual  Meeting,  2;  at  the  Annual  Convention,  5;  and  22  other 
meetings  held  at  the  Society  House. 

At  these  meetings  there  were  presented  25  formal  papers,  6  of 
which  were  illustrated  with  lantern  slides.  There  were  also  10  papers 
published  which  were  not  presented  for  discussion  at  any  meeting  of 
the  Society.  The  number  of  members  and  others  who  took  part  in 
the  preparation  or  discussion  of  these  papers  was  281. 
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The  Fort.v-fourtli  Annual  Convontion  was  held  at   Seattle.  Wash. 

The  total  attendanee  at  the  29  meetings  held  was  ahout  4  40.'].  Tiie 
registered  attendance  at  the  Annual  Meeting  was  S'.iH,  and  at  the 
Annual  Convention  ir)5  (includes  members  only),  but  there  were  many 
members  and  guests  present  at  all  of  these  meetings  who  failed,  to 
register. 

At  each  of  the  ordinary  semi-monthly  meetings  held  diiriiiy  the 
year  Collations  have  been  served  and  these  have  been  paid  for  out 
of  Society  Fund.s,  in  accordance  with  the  action  of  the  Annual  fleeting 
of  1912. 

In  addition  to  the  above,  the  Society  entertained  two  bodies  of 
distinguished  Foreign  Engineers  as  follows: 

By  special  request  of  the  General  Secretary  of  the  Twelfth  Inter- 
national (^ongress  of  Navigation,  which  Congress  was  held  in  Phila- 
delphia. Pa.,  the  visit  of  the  delegates  to  the  City  of  New  York  was 
made  under  the  auspices  of  this  Society.  A  Reception  was  given  at  the 
Society  House  on  the  evening  of  June  3d,  1912.  Excursions  were  made 
on  June  4th  around  the  Harbor  (as  the  guests  of  the  City  of  New 
York),  and  on  June  5th  to  the  Terminal  Improvement  of  the  New  York 
Central  and  Hudson  River  R.  R.,  and  to  the  subway  work  under 
construction  in  Fourth  Avenue,  Brooklyn.  The  delegates  were  enter- 
tained on  this  day  at  luncheon  at  the  Manhattan  Hotel. 

On  the  evening  of  September  5th,  1912,  a  Reception  was  tendered  to 
the  Foreign  Delegates  of  the  Sixth  Congress  of  the  International 
Association  for  Testing  ^Materials,  which  Congress  was  in  session 
in  New  York  City  during  the  week  beginning  September  2d. 

MEDALS  AND  PRIZES 

For  the  year  ending  with  the  month  of  Jidy,  1911,  prizes  were 
awarded  as  follows: 

The  Norman  JNIcdal  to  (ieorge  Gibbs.  M.  Am.  Soc.  C.  E.,  for  his 
pai)er  entitled  "The  New  York  Tunnel  Extension  of  the  Pennsylvania 
Railroad:  Station  Construction,  Road.  Track,  Yard  Equipment. 
Electric  Traction,  and  Locomotives." 

The  Thomas  Fitch  Rowland  Prize  to  B.  H.  :\I.  Hewett  and  W.  L. 
Brown,  Members,  Am.  Soc.  C.  E.,  for  their  paper  entitled  "The  New 
York  Tunnel  Extension  of  the  Pcnn.sylvania  Railroad :  The  North 
River  Tunnels." 

The  Collingwood  Prize  for  Juniors  to  A.  Kempkey,  Jun.  Am.  Soc. 
C.  E.  (now  Assoc.  M.  Am.  Soc.  C.  E.),  for  his  paper  entitled  "A 
Concrete  Water  Tower." 

During  the  year  two  additional  Prizes  have  been  established  by 
the  Board.  These  prizes,  which  may  be  awarded  annually  for  papers 
published  in  the  Transactions,  are  to  be  known  as  the  J.  James  R. 
Croes  Medal,  in  honor  of  the  first  recipient  of  the  Norman  Medal, 
and  the  James  I.aiuic  Prize,  in  honor  of  the  lirst  Presiih-nt  of  tli<'  Sncicty. 
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FINANCES 

During  the  year  $10  000  was  paid  on  the  principal  of  the  Mortgage 
on  the  Society  Property,  reducing  this  debt  to  $115  000.  An  addition 
of  $20  000  was  also  made  to  the  Reserve  Fund  established  two  years 
ago,  and  the  Society  now  has  a  Reserve  Fund  of  $57  000,  invested  in 
non-taxable  bonds  of  the  City  of  New  York,  which  yields  somewhat 
more  than  4%,  the  rate  paid  on  the  Mortgage  debt.  The  Board  has 
ordered  that  $10  000  be  paid  on  the  principal  of  the  mortgage  early 
in  1913,  and  that  $20  000  be  added  to  the  Reserve  Fund. 

The  following  statement  indicates  clearly  the  prosperous  financial 
condition  of  the  Society. 

On  May  25th,  1895,  when  the  purchase  of  property  and  the  build- 
ing of  a  new   Society  House  was  iinder  consideration,  the  Board  of 
Direction  issued  a  statement  giving  the  available  assets  as  follows : 
"The  House,  127  East  Twenty-third  St.  (estimate)  .    $60  000 

Securities  in  Safe  Deposit  (par  value) 16  000 

Cash   awaiting  permanent   investment 4  500 

Total    $80  500 

Mortgage  on  127  East  Twenty-third  St 16  000 

Amount  available $64  500" 

On  the  same  basis  a  similar  statement  as  of  December  31st,  1912, 
would  read: 

The  Property,  220  West  57th  St.  (estimate) $600  000 

Securities  in  Safe  Deposit  (par  value) 57  000 

Cash  awaiting  permanent  investment 44  000 

Total    $701  000 

Mortgage  on  220  West  57th  St 115  000 

Total  available  assets $586  000 

Therefore  the  increase  in  available  assets  in  17^  years  has  been 
$521  500,  or  an  average  of  about  $30  000  per  year. 

The  statement  of  May  25th,  1895,  continues : 

"The  average  income  from  all  sources  for  the  past  five  years  has 
been  $33  000." 

We  can  now  say : 

The  average  annual  income  from  all  sources  for  the  past  five  years 
has  been  $125  500. 

The  attention  of  members  is  invited  to  the  Secretary's  statement  of 
receipts  and  disbursements,  and  to  the  general  balance  sheet  which 
accompanies  it. 

The  reports  of  the  Secretary  and  Treasurer  are  appended. 

By  order  of  the  Board  of  Direction. 

Chas.  Warren  Hunt, 
January  7th,  1913.  Secretary. 
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KEPORT  OF  THE  SECRETARY  FOR  THE 

To  THE  Board  of  Direction  of  the 

Gentlems;n: — I  have  the  honor  to  present  a  statement  of  Receipts 
31st,  1912.     I  also  append  a  general  balance  sheet  showing  the  condition 


Receipts. 

Balance   on   hand   December   31st,   1911,   in   Bank,   Trust 

Company,  and  in  hands  of  Treasurer $4G  363.95 

Entrance    Fees $15  290.00 

Current    Dues T4  367.66 

Past  Dues 2  997.04 

Advance  Dues 28  107.55 

Certificates  of  Membership 671.15 

Badges  3  120.85 

Sales  of  Publications 4  924.28 

Compounding  Dues 250.00 

Library    661.84 

Annual  Meeting 500.10 

Binding  2  945.94 

Interest   2  737.20 

Miscellaneous  150.51 

136  724.12 


$183  088.07 
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YEAK    ENDING    DECEMBER    .'51st.    1912. 

Amkricax  Society  of  Civil  Enginkkrs. 

niid  Di.shursciiu'iits  lor  the  fiscal  year  of  the  Society,  ending  December 
of  the  affairs  of  the  Society. 

Respectfully    submitted, 

CiiAs.  Warren  Hunt, 

Secretary. 

Disbirskments. 

Salaries   of   Officers $12  800.00 

Mileage  of  Directors 1  331.05 

Clerical  Help 20  215.39 

Caretaking    1  910.64 

Publications   ,'55  697.63 

Postage    9  146.39 

General  Printing  and  Stationery 3  126.88 

Library    1  173.39 

Library  Maintenance 239.06 

Badges  1  883.50 

Certificates  of  Membership 453.00 

Rinding     7  364.18 

Prizes     166.10 

Convention   516.45 

Annual   Meeting 1  254.95 

Maintenance  of  Hou.se 109.50 

Heat,  Light,  and  Water 1  032.69 

Furniture    330.08 

Work  of  Committees 316.93 

Interest    4  647.86 

Current  Business 2  889.46 

Petty  Expenses 216.19 

Entertainment,   Navigation   Congress 1  194.13 

Entertainment,     6th     Congress      International 

Assoc,  for  Testing  Materials 729.42 

Bond  and  Mortgage  (Payment  on  Principal).  .  10  000.00 

Reserve   Fund 20  269.16 

^ $139  014.03 

Balance  on  hand  December  31st,  1912: 

In  Union  Trust  Company *9  909.82 

In  Garfield  National  Bank 3S  664.22 

In   hands  of  Treasurer 1  500.00 

44  074.04 

$183  088.07 
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EEPOKT  OF  THE  TKEASURER. 

In  compliance  with  the  provisions  of  the  Constitution,  I  have  the 
honor  to  present  the  following  report  for  the  year  ending  December 
31st,  1912: 

Balance  on  hand  December  31st,  1911 $46  363.95 

Receipts  from  current  sources,  January  1st  to  December 

31st,   1912 136  724.12 

Payment  of  Audited   Vouchers  for   Current 

Business,   January   1st   to   December   31.st, 

1912 $108  744.87 

Payment  on  principal  of  bond  and  mortgage.         10  000.00 

Purchase  of  bonds,  Reserve  Fund 20  269.16 

Balance  on  hand  December  31st,  1912: 

In  Union  Trust  Company $9  909.82 

In  Garfield  National  Bank 32  664.22 

In  hands  of  the  Treasurer....       1500.00 

44  074.04 


$183  088.07     $183  088.07 

Respectfully   submitted, 

Jos.  M.  Knap, 

Treasurer. 
New  York,  January   7tii,   1913. 
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ACCESSIONS   TO   THE    LIBRARY 

(From  December  4tli,  3912,  to  January  Ist,  1913) 
DONATIONS* 
THE  AMERICANS  IN  PANAMA. 

By  William  R.  Scott.  Cloth,  8  x  5i  in.,  illus.,  13  +  258  pp.  New 
York,  The  Statler  Publishing  Company,  1912.     $1.47. 

This  book,  it  is  stated,  is  a  noii-technical  review  of  events  leading  up  to,  and 
occurring  during,  the  building  of  the  Panama  Canal,  and  particularly  of  the 
Amorican  engineers  and  laymen  who  have  effected  its  construction  in  the  broad- 
est sense,  by  one  who  spent  three  months  as  an  employee  of  the  Isthmian  Canal 
Commission.  The  scope  of  the  book  is  limited  to  achievements  on  the  Isthmus 
of  Panama  and  only  so  much  history  of  the  Isthmus  under  the  Spaniards  and 
the  French  is  given  as  will  lend  a  perspective  to  the  work  of  the  Americans. 
The  Contents  are :  The  Land  Divided — The  World  United  ;  The  Life  Cost  of  the 
Canal  ;  The  Spanish  in  Panama ;  The  Panama  Railroad ;  The  French  in  Panama ; 
The  Americans  in  Panama  ;  The  Roosevelt  Impetus ;  Taking  the  Canal  Zone ;  The 
Geography  of  Panama;  Getting  Under  Way;  The  Canal  Under  Wallace;  The 
Canal  Under  Stevens ;  The  Canal  Under  Goethals  ;  Locks  and  Dams  ;  The  Culebra 
Cut ;  Labor  ;  Commissary — Quarters — Subsistence  ;  Civil  Administration  ;  The  Society 
of  the  Chagres ;  The  Trade  Outlook ;  Settling  Our  Account  with  Colombia ;  The 
Monroe   Doctrine. 

ELEMENTS  OF  HYDRAULICS: 

A  Text-Book  for  Secondary  Technical  Schools.  By  Mansfield 
:^rerriman,  M.  Am.  Soc.  C.  E.  Cloth,  7|  x  5  in.,  illus.,  6  +  156  pp. 
New  York,  John  Wiley  &  Sons;  London,  Chapman  &  Hall,  Limited, 
1912.     $1.00. 

The  preface  states  that  the  author  has  attempted  in  this  book  to  present  the 
subject  of  hydraulics  without  the  use  of  the  higher  mathematics,  a  knowledge  of 
arithmetic,  algebra,  trigonometry,  and  elementary  mechanics  only  being  required 
on  the  part  of  the  reader.  The  book,  as  stated,  is  intended  particularly  for  the 
use  of  students  in  the  upper  classes  of  secondary  technical  schools,  and  while 
the  essential  principles  and  methods  of  hydraulics  have  been  covered,  certain 
topics  have  necessarily  been  inadequately  treated  or  omitted  altogether,  the  author's 
intention  being  to  discuss  only  those  topics  which  are  of  greatest  importance  in 
practical  engineering.  The  Chapter  headings  are :  Hydrostatics ;  Theoretic  Hy- 
draulics ;  Flow  from  Orifices  and  Tubes ;  Flow  Through  Pipes ;  Flow  In  Conduits 
and  Rivers ;  Measurement  of  Water ;  Hydraulic  Motors ;  Pumps  and  Pumping ; 
Index. 

ENGINEERING  OF  SHOPS  AND  FACTORIES. 

Bv  Henry  Grattan  Tyrrell.  Cloth,  9i  x  H  in.,  illus.,  17  +  399  pp. 
New  York,  ifcGraw-Hill  Book  Company,  1912.     $4.00. 

This  book  is  a  sequel  of,  and  supplementary  to,  the  author's  "Mill  Buildings." 
It  is  based,  it  is  stated,  on  his  personal  observations,  study,  and  experience  In 
the  arrangement,  construction,  and  operation  of  shops  and  factories  extending 
over  a  period  of  more  than  twenty  years,  and  is  intended  as  an  aid  to  engineers, 
architects,  draftsmen  and  students,  as  well  as  factory  owners  and  employees. 
In  the  first  chapter  the  author  gives  the  standard  rules  of  conduct  and  business 
which  have  been  established  and  accepted  by  several  of  the  leading  engineering 
societies.  This  is  followed  by  chapters  on  the  economics  of  factory  location  and  con- 
struction, and  there  are  included  several  chapters  on  concrete  buildings  and  their 
cost,  together  with  descriptions  of  easy  and  effective  methods  for  their  surface  treat- 
ment. The  subjects,  foundations,  walls,  roofing,  etc.,  which  are  treated  fully 
in  the  author's  previous  book,  are  only  briefly  mentioned  here.  Several  of  the 
chapters  are  said  to  have  appeared  previously  in  The  Engineering  Magazine,  and 
the  chapters  on  Heating  and  Air  Washing  were  contributed  by  the  Buffalo  Forge 
Company  and  that  on  Artificial  Lighting  by  the  Westinghouse  Electric  Company. 
At  the  end  of  the  book,  the  author  has  included  an  extensive  bibliography  of  the 
subject.  The  Contents  are :  Engineers  and  Their  Services ;  Manufacturing  Dis- 
trict ;    Economics   of  Factory   Construction ;    Example   of   Preliminary    Design ;    Gen- 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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eral  Design  ;  Selection  of  Building  Type  ;  Wood  and  Steel  Framing ;  Concrete 
Buildings  ;  Concrete  Surface  Finish  ;  Cost  of  Reinforced  Concrete  Buildings  ;  Com- 
parative Cost  of  Wood,  Reinforced  Concrete,  and  Steel  Buildings  ;  Foundations  ; 
Ground  F'loors ;  Upper  Floors ;  Concrete  Upper  Floors  ;  Walls,  Partitions  and 
Openings ;  Hoofs  and  Roofing ;  Special  Buildings — Notes  on  ;  Storage  Pockets  and 
Hoisting  Towers  ;  Factory  Heating  :  Air  Washing  Systems  ;  Drainage  of  Indus- 
trial Works  :  Water  Supply  and  Storage  Tanks  ;  Steel  Chimneys  ;  Fire  Protection  ; 
Cranes  :  Yards  and  Transportation  ;  Estimates  ;  Construction  ;  Welfare  Features ; 
Standard    Buildings,    Bibliography  ;    Index. 

MODERN  ORGANIZATION: 

All  Exposition  of  the  Unit  Sy.stem.  By  Charles  DeLano  Hine. 
(Works  Maiiaf>vnient  Library.)  Cloth,  7J  x  5  in.,  110  pp.  New  York, 
The  Engineering  Magazine  Co..  1912.     $2.00. 

The  subject-matter  contained  in  this  volume  appeared  originally  as  a  series 
of  articles  in  The  Engineering  Magazine  from  January  to  .July,  1912.  It  is 
here  presented,  it  is  stated,  as  a  comprehensive  definition  of  the  author's  unit 
system  of  management,  a  complete  unfolding  of  his  doctrine  and  practice  (which, 
it  is  said,  is  largely  mental  suggestion),  as  applied  by  him  on  the  Harriman 
Lines,  the  most  extensive  railway  system  in  the  world.  The  Contents  are: 
The  Unit  System  on  the  Harriman  Lines  ;  Operation  of  the  Unit  System  ;  Broaden- 
ing the  Ideals  of  Line  Supervision;  Over-Specialization;  Fallacies  of  Accounting: 
Supplies  and   Purchases;   Line  and  Staff;   Genesis  and  Revelation  of  Organization. 

FOURTH  NATIONAL  CONFERENCE  ON   CITY  PLANNING  : 

Proceedings,  Boston,  Massachusetts,  May  27-29,  1912.  Cloth, 
9i  X  Gl  in.,  10  +  232  pp.  Boston,  1912.  $2.00.  (Donated  by  the 
National  Conference  on  City  Planning.) 

This  Conference,  like  those  of  1909,  1910,  and  1911,  was  held,  it  is  stated, 
for  the  personal  exchange  of  information  and  ideas  on  the  subject  of  city  plan- 
ning by  architects,  engineers,  business  men,  and  others  interested  in  such  work, 
in  order  that  the  principles  and  details  of  such  planning  may  become  better  known 
and  the  work  better  done.  This  volume  contains  the  chief  papers  read  at  the  Con- 
ference, together  with  summaries  of  the  discussions  on  those  papers.  A  partial 
list  of  the  Contents  is  :  The  Progress  in  City  Planning,  by  Frederick  L.  Olmsted  ; 
The  Meaning  of  City  Planning,  by  Arnold  W.  Brunner  ;  The  Attitude  of  the  En- 
gineer Toward  City  Planning,  by  George  F.  Swain  ;  Paying  the  Bills  for  City 
Planning,  by  Nelson  P.  Lewis  ;  Paying  the  Bills  for  City  Planning  from  a  Boston 
Viewpoint,  by  James  A.  Gallivan  ;  Round  Table  Talks  ;  The  Problem  of  the  Blighted 
District,  by  J.  Randolph  Coolidge,  Jr.  ;  The  Public  Street  Systems  of  the  Cities  and 
Towns  About  Boston  in  Relation  to  Private  Street  Schemes,  by  Arthur  A.  Schurt- 
left ;  Street  Planning  in  Newton,  by  Edwin  H.  Rogers;  Street  Planning  in  Water- 
town,  by  Wilbur  F  Learned  ;  The  Legislation  Necessary  for  Intelligent  City  Plan- 
ning; The  Regulation  of  the  Height  of  Fireproof  Commercial  Buildings,  by  Arthur 
C.  Comey  ;  How  a  Worcester,  Mass.,  Bank  Discourages  the  "Three-Decker"  House, 
by  Alfred  L.  Aiken  ;  Practical  reruns  Ideal  City  Planning,  by  Amos  L.  Schaeffer  ; 
Popularizing  the  City  Planning  Principle  ;  The  Control  of  Municipal  Development 
by  the  "Zone  System"  and  Its  Application  in  the  United  States,  by  B.  Antrim 
Haldeman  ;    etc.,    etc. 

THE  CURTISS  AVIATION    BOOK. 

By  Glenn  H.  Curtiss  and  Augustus  Post.  Cloth,  7^  x  5  in.,  illus., 
10  +  307  pp.     New  York,  Frederick  A.  Stokes  Company,  1912.     $1.35. 

The  subject-matter  of  this  book  is  divided  into  six  parts.  Part  I,  Boy- 
hood and  Early  Experiments,  by  Augustus  Post,  is  devoted  to  the  story  of  Mr. 
Curtiss'  early  life  and  his  experiments  with  motors,  motor-cycles,  and  balloons. 
In  Parts  II  and  III,  Mr.  Curtiss  describes  his  first  and  his  chief  flights,  together 
with  his  work  and  experiments  on  aeroplanes  and  hydroaeroplanes.  In  Part  IV, 
The  Real  Future  of  the  Aeroplane,  Mr.  Curtiss  discusses  its  future  uses  and  the 
problems  of  aviation  ;  Capt.  Paul  W.  Beck,  U.  S.  A.,  has  a  chapter  on  the  aero- 
plane as  applied  to  the  army,  the  naval  side  being  discussed  in  another  chapter 
by  Lieut.  Theodore  G.  Ellyson,  U.  S.  N.,  and  aviation  as  a  future  sport  is  de- 
scribed by  Mr.  Post.  Part  V,  Every-Day  Flying  for  Professional  and  Amateur,  with 
chapters  by  Messrs.  Curtiss,  Post,  and  Hugh  Robinson,  is  devoted  to  the  teaching 
of  aviation  and  to  the  operating  of  the  aeroplane  and  hydroplane.  In  Part  VI,  Mr. 
Post  discusses  the  Curtiss  pupils  and  gives  a  description  of  the  Curtiss  aeroplane 
and   motor. 
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THE  METALLOORAPHY  OF  IRON  AND  STEEL. 

By  All)crt  Sauveur.  Oloth,  lOf  x  7i  in.,  illiis.,  various  pagiiiK- 
Canihridf,^'.   Mass.,  Sauvt'ur  and  Boylston,  1912. 

The  preface  states  that,  in  this  book,  the  author  has  endeavored  to  present, 
in  a  sc'ientitic  and  practical  manner,  a  well-balanced,  specific  and  comprehensive 
treatise  on  the  subject  of  the  metallography  of  iron  and  steel,  which  is  intended 
for  the  student,  the  teacher,  the  manufacturer  and  user  of  iron  and  steel,  the  gen- 
eral reader,  and  the  expert.  He  describes  at  length,  it  is  said,  the  structure  of 
metals,  the  processes,  manipulations,  and  apparatus  used  successfully  in  his  own 
laboratory  and  in  those  of  other  workers.  At  the  end  of  each  chapter  examina- 
tion questions  on  the  subject  discussed  in  that  chapter  are  given,  and  the  book 
is  fully  illustrated.  The  Contents  are:  Introduction;  The  Industrial  Importance 
of  Metallography  ;  Apparatus  for  the  Metallographic  Laboratory  :  Pure  Metals  ; 
Pure  Iron:  Wrought  Iron:  Low  Carbon  Steel:  Medium  High  and  High  Carbon 
.Steel  :  Impurities  in  Steel  :  The  Thermal  Critical  Points  of  Iron  and  Steel  ;  Their 
Occurrence;  Their  Causes;  Their  Effects;  Cast  Steel;  The  Annealing  of  Steel; 
The  Hardening  of  Steel  ;  The  Tempering  of  Hardened  Steel  ;  Theories  of  the  Harden- 
ing of  Steel  ;  The  Cementation  and  Case  Hardening  of  Steel  ;  Special  Steels  ;  General 
Considerations  ;  Constitution,  Properties,  Treatment,  and  Uses  of  Most  Important 
Types:  Cast  Iron;  Impurities  in  Cast  Iron;  Malleable  Cast  Iron;  Constitution  of 
Metallic  Alloys  ;  Equilibrium  Diagram  of  Iron-Carbon  Alloys  ;  The  Phase  Rule  ; 
Appendix  I,  Manipulations  and  Apparatus;  Appendix  II,  Nomenclature  of  the  Mi- 
croscopic Constituents  ;    Index. 

SUCCESSFUL  HOUSES  AND  HOW  TO  BUILD  THEM. 

By  Charles  E.  White.  Jr.  Cloth,  Ti  x  51  in.,  illiis.,  6  +  520  pp. 
Xew  York,  The  Maeinillan  Company,  1912.     $2.00. 

In  this  book,  and  without  giving  cost  data,  the  author  describes,  for  the  benefit 
of  the  prospective  owner  and  builder,  the  best  location  and  arrangement  for 
various  types  of  houses,  together  with  building  specifications  and  other  legal  docu- 
ments In  connection  therewith,  the  construction  of  a  house  in  detail,  and  the  various 
useful  apparatus  and  appliances  necessary  to  a  successful  house.  The  last  chapter 
is  devoted  to  modern  garage  design  and  garage  apparatus.  The  Contents  are: 
Why  Huild  a  Home:  Choosing  the  Site;  How  to  Know  the  Architectural  Styles; 
The  Little  Details  That  Attract;  Owner,  Architect,  and  Contractor:  Planning  the 
Rooms  ;  Specifications  Explained  :  A  Chapter  on  Legal  Documents  ;  Excavation  and 
Foundation;  Advantages  of  a  Frame  House;  Exterior  Finish;  Houses  of  Masonry; 
How  to  Build  a  Fireproof  House  ;  Carpentry  and  Cabinet  Work  ;  The  Importance 
of  a  Good  Roof  :  Plumbing  That  Is  Sanitary  ;  Water  and  Sewer  Pipes  ;  Latest 
Types  of  Plumbing  Fixtures  ;  Little  Details  of  Good  Plumbing ;  Sewage  Disposal 
in  the  Country;  Efficient  Heating  Methods;  Plastering;  Inside  and  Outside;  Finish- 
ing Touches;  Painting  and  Glazing;  Useful  Apparatus  and  Appliances;  Gas  and 
Electric  Lighting  ;  Practical  Hardware  for  the  House  ;  Handy  House  Devices  ;  Re- 
modeling ;  Making  an  Old  House  New  ;  Sensible  Types  of  American  Houses  ;  (Jar- 
ages    and    Garage    Apparatus  ;    Index. 

FIRE  PREVENTION. 

Bv  Edward  F.  Croker.  Cloth,  8  x  5.1  in.,  illiis..  10  +  ,354  pp. 
New  York,  Dodd,  Mead  &  Company.  1912.     $1.50. 

The  fighting  of  many  fires  and  the  study  of  the  subjects  of  fire  prevention  and 
fire  extinguishment  during  the  author's  years  of  connection  with  the  Fire  Depart- 
ment of  Xew  York  City,  has  led,  it  is  stated,  to  the  recommendations  and  plans 
presented  by  him  in  this  book,  in  which  he  discusses  the  keeping  down  of  fire 
waste  from  many  angles,  and  describes,  it  is  stated,  those  things  which  are 
vitally  necessary  to  the  reduction  of  fire  loss,  such  as,  fireproof  construction, 
riutomatic  fire  alarms  and  devices  for  extinguishing  fires,  fire  drills,  fire  depart- 
ments, etc.  The  Chapter  headings  are:  Prevention  of  Fire  in  the  Dwelling  and 
Small  Town  ;  Further  Measures  for  Protection  in  the  House — The  Department  of 
a  Small  Town  ;  The  Protection  of  Factories,  Loft  Buildings,  and  other  Large 
Structures  ;  Protection  of  Life  in  Large  Buildings  ;  Further  Measures  for  Pro- 
tecting Life;  Sprinklers  and  Sprinkler  Systems:  Other  Alarm  Devices  in  Buildings; 
Ihe  Fire  Department  of  a  Large  City  ;  The  Development  of  the  New  York 
Fire  Department  and  Some  of  its  Defects:  The  Nature  and  Value  of  High  Pressure; 
The  Modern  Fireboat :  Its  Nature  and  Use;  High  Buildings  and  Steel  Construc- 
tion; Fire  Prevention  Bureaus  and  Fire  Marshals;  Incendiarism  and  Arson:  Law 
.Making    and    Fire    Preventive    Work    Along    Legal    and    Other    Lines;    Index. 
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MINERALOGY: 

An  Introduction  to  the  Theoretical  and  Practical  Study  of  Min- 
erals. By  Alexander  Hamilton  Phillips.  Cloth,  9x6  in.,  illus., 
8  +  699  pp.    New  York,  The  Ma.cmillan  Company,  1912.     $3.75. 

The  preface  states  that  the  object  of  this  book  is  to  bring  together,  in  con- 
cise form,  for  the  use  of  the  beginner,  the  facts  and  basic  principles  of  the  several 
branches  of  Mineralogy.  The  subject-matter  has  been  divided  into  three  parts : 
Part  I,  Crystallography,  in  which  the  32  types  have  been  described.  Only  graphical 
methods  of  solving  the  problems,  after  the  measurement  of  a  crystal,  are  given, 
it  is  stated,  the  mathematical  solutions  being  left  to  the  more  advanced  courses. 
In  Part  II,  Descriptive  Mineralogy,  some  225  mineral  species  are  described  includ- 
ing their  crystallization,  optical  properties,  decomposition,  products,  genesis,  occur- 
rence, uses,  and  synthesis.  Part  III,  Determinative  Mineralogy,  contains  descrip- 
tions of  the  instruments  and  reagents,  and  gives  determinative  tables  and  chemical 
tests,  used  for  the  identification  of  the  mineral  species,  including,  it  is  stated, 
all  minerals  with  the  exception  of  some  very  rare  species  found  only  in  one 
locality,    and   in   many   cases   even   these   are   given. 
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SUMMARY  OF  ACCESSIONS 

(From  December  4th,  1912.  to  January  1st,  1913) 

Donations  (including  7(1  dui)li(ates) 41(1 

By  purchase ~ 

Total 423 


26 


MEMBERSHIP — ADDITIONS 


[Society  Affairs. 


!  M. 


Oct. 
Jan. 
Oct. 


Assoc. 
M. 


M. 


June 
Dec. 


MEMBERSHIP 

ADDITIONS 

(From  December  6tli,  1912,  to  January  2d,  1913) 

MEMBERS 

BoARDMAX.  Howard  EnwAiu).     Oficina  del  Sub-    ^ 

terraneo,  Ferro  C'arril  de  Oeste,  Estacion     i  ,, 

L  Assoc.   M. 
Once,      Buenos      .Aires.      Argentine      Re-    ( 

public    

HowMA.x,  Daniel  Wheeler,     (hf.  Engr..  Tlie  Phoenix  Iron 

C"o.,    Phoenixville,    Pa Dec. 

Brown,     William     Nelson.     Care,     Brown     &     C'larkson, 

Southern   Bldg.,   Washington,   D.    C Sept 

Fuller,    Weston    Earle.      Cons.    Civ.    Engr 

(Hazen    &    Whipple),    10.3    Park    Ave. 

New  York  City 

Tde,  William  Stone.    Kes.  Engr.,  Lockwood,  Greene  &  Co 

Care,  The  Studebaker  Corporation,  Detroit,  Mich .  .  .      Dec 
Kimball,   Joseph   Harris.     Designing   Engr.,    Commrs.  of 

Seweiage,  605  Equitable  Bldg..  Louisville,  Ky Dec 

Perez  Castro,  Lorenzo.     Jefe  de  la  Zona  VI.  de  Vias  y 

Edificios,    1"    del    General    Prim    1,    City    of    INIexico, 

Mexico Dec 

Raff,    Henry    Gottlieb.      Chf.    Designing    Engr..    Concrete 

Steel  Eng.  Co.,  Park  Row  Bldg.,  New  York  City.... 
Reeoy.    Oliver   Thomas.     Supt.,   Royal   Basin  )  Assoc.  M. 

Min.  &  Milling  Co.,  Maxville,  Mont.  .  .  .'   j   M. 
SouTHWORTH,     Edward     AUGUSTUS.        Countv  )    Assoc.  M. 

Engr.  of  Hawaii,  Hilo,   Hawaii (  M. 

Williams,  Francis  Charijss.     City  Engr..  Sheridan,  W^yo. 
Wolfe,    Frank   Gordon.      Chf.    Engr..    Scranton    Coal    Co.. 

Elk  Hill   Coal  &   Iron   Co.,  and   Price-Pancoast   Coal 

Co.;  Cons.  Engr.,  N.  Y.,  0.  &  W.  R.  R.,  513  Board  of 

Trade   Bldg.,    Scranton,   Pa Dec. 


Date  of 
Membership. 


Dec. 
June 
Dec. 
July 
Dec. 
Dec. 


1902 
1905 
1912 


3,  1912 


3,  1912 

7,  1905 
3,  1912 


3,  1912 
3,  1912 

3,  1912 

3,  1912 

(5,  1906 

3,  1912 

1.  1909 

3.  1912 

3,  1912 


3,  1912 


associate  members 


Urainard,  Normand  Dagoett.     Supt.  in  Chg.,  Constr.,  The 
A.  Bentley  &  Sons  Co.,  355  Stanton  Ave.,  Springfield, 


Ohio 


Jiui. 


M. 


Brown,  David  Harell.     Alpine,  N.  J 

r   Assoc. 

Caldwell,  .John  \\'okde.     Kd.  Overseer,  Dist.  of  |    Jiul 

Honohdu,  Honohihi.  ITawuii \ 

Canaga,  Gordo.n   Bvko.n.     Scio.  Ohio 

CuBLEY,   James    Francis.      Contr.   Engr.,    I'ittsburgii    Steel 

Products  Co.,  959  Frick  Annex,  Pittsl)urgh,  Pa Dec. 


Assoc.  M. 


Dec. 
Feb. 
Oct. 
Aug. 
Dec. 
Oct. 


3,  1912 

4,  1908 
29,  1912 
31,  1909 

3,  1912 
1,  1912 

3,  1912 


Jaiuian,  I'.ll.i.J  .MKMliEKSliir — ADDITIONS  27 

ASSOCIATE  MEMBERS    (Continued)  ,,  ^^j^*  "J. 

Membership. 

DlTNIIAM,     KOUKUT     MooKE.      Supt.,     fU'ii.     Coiist.     Co.,    llUi 

Jarvis  St.,   Fort  Wortli.  'IVx l)<'e.       3,   1!>12 

Uiuiti.N.  Wii.i.iA.M  llowAKi).     Supt.  of  Filtration,  Evansvillo, 

1,1(1 Dec.       .3,  1912 

FooTK.  Fkancis  Seet.ey.  Jr.     Associate  Prof,  of  R.  R.  Kng., 

liiiv.   of   California,    Beri<eley.  Cal Dec.       :},   1912 

FoBTER.  Sami'el  ALEXANDER.     Const.  Knj;r.,  James  A.  Green 

&  Co.,  Inc.,  American   Falls,  Idalio Oct.        1,   IDlii 

Fo.ss,  James  Calvin,  -hi.     Clif.  iMijii-.,  Kaluilui    |  Jim.  April     0,  1909 

R.  R.,  Kahului,  .Maui,  Hawaii [  Assoc.  M.     Oct.        1,   1912 

CoRiiA.u,  Fred  Allex.  Asst.  Engr.,  U.  8.  Reclamation  Serv- 
ice,   Pompeys  Pillar,  Mont Dec.       3,  1912 

Hall,  Harry  Rutledge.  Asst.  Engr.,  Bureau  of  San.  Eng., 
State  Dept.  of  Healtli.  Ct  East  Franklin  St.,  Balti- 
more, Md Dec.       3,  1912 

HoFF,  Carl  Porter.     Asst.  City  Engr.,  St.  Joseph,  Mo....     July       9,  1912 

Langlois,  Amedee.    455  Besserer  St.,  Ottawa,  Out.,  Canada.     Sept.      3,   1912 

OsBORN,  Irwin  Selden.  Engr.  in  dig.,  Municipal  Reduc- 
tion Plant,  Dept.  of  Public  Service,  18  Seventeenth 
Ave.,    Columbus,    Ohio Dec.       3,  1912 

Pagox,     William     Watters.       With     J.     E.   ~| 

(Jreiner,     Cons.     Engr.,     Fidelity     Bldg.    I  Jun.  Sept.      3,   1907 

(Res.,    1301    St.    Paul    St.),    Baltimore,    j"  A.ssoc.  M.     Dec.       3,   1912 
Md J 

Patterson,   Earl.     Engr.,   U.    S.   Reclamation    |  Jun.  April  30.  1907 

Service,    Selden,   N.   Mex f  Assoc.  ^I.     Dec.       3.  1912 

Sayford,    Ned    Hensel.       With    George    W.     Fuller,     170 

Broadway,  New  York  City    (Res.,  Monroe,  N.  Y.)  .  .  .      Dec.       3,   1912 

ScHAHERG,    Hen.jamin  Fraxklin.     Engr.  of  Constr.,  Sewer 

Dept.,    38.30   Ashland   Ave.,    St.    Louis,    Mo Dec.       3,    1912 

SiLVERTON,  Francis.   Supt.,  Macdonell  Gzowski  &  Co.,    P.O. 

Box    1723,  Vancouver,   B.   C,   Canada July       9.   1!I12 

Stein,  Milton  Frederick.    Asst.  Engr.,  Chester  &  Fleming. 

1111    Union  Bank  Bldg.,   Pittsburgh,    Pa Dec.       3,    1912 

Strout,   Gale   Stanley.      159    Lake   St.,   Oak-  ^   Jun.  .Mar.    31.   loos 

land,    Cal f  Assoc.   M.     Sept.      3.   ]!tl2 

'J'lioHLEY,  Ira  Otis.     With  H.  S.  Crocker,  Cons.  Engr.,  308 

Tramway   Bldg.,   Denver.    Colo Oct.      29,   1912 

^    .fun.  Mar.      5,    1!I07 

Toll,  AsAHEL  Clark.     Bayamon.  Porto  Rico..    '.    ^^^,,^.    ^|      ^)^.l      ■>>)    un^ 

Villa,    Miguel.      Engr.    in    Ciig.    of     ll;ivana  ^ 

Harbor   Work   for   the   Compania   de    los    I    Jun.  Oct.        C>.   190S 

Puerto    de    Cuba.    O'Reilly    41.    Havana,    j"    Assoc.   M.     Dec.        3,    ]!t|2 

Cuba I 

N'oorues,  Ki.mdrougu  Enoch.    Arizona  Copper  Co.,  Morenci, 

Ariz D^^-       ^5    191- 


28  MEMBERSHIP — ADDITIONS — RESIGNATIONS       [Society  Affairs. 

ASSOCIATE  MEMBERS    (Continued)  Date  of 

Membership. 
Weston,    Thomas    Isaac.      Pres.    and    Treas.,    Weston    & 
Brooker  Quarry  Co.  and  Weston  &  Brooker,  Contrs., 
704     National     Loan     and     Exchange     Bank     Bldg., 
Columbia,    S.    C Dec.       3,   1912 

associates 
Parry,  Frederick  Hugh.     Eng.  Contr.,  400  Wyoming  Ave., 

Kingston,  Pa Oct.      29,  1912 

juniors 
Belden,  George  Allyne.     Draftsman,  Office  of  Clif.  Engr., 

Cent,  of  Ga.  Ry.,  Y.  M.  C.  A.  Bldg.,  Savannah,  Ga.  .      Oct.      29,  1912 

Buck,  Walter  Van.    City  Engr.,  Junction  City,  Kans July      9,  1912 

Fisher,   George  Joseph.     Draftsman,   South   San  Joaquin 

Irrig.   Dist.,   Coyote,  Cal Dec.       3,  1912 

James,  John  Raymond.    Junior  Engr.,  U.  S.  Lake  Survey, 

Old  Custom  House,  Detroit,  Mich Dec.       3,   1912 

Khachadoorian,  Harootun  Hovhannes.     34  St.  Anne  St., 

Quebec,  Que.,  Canada Dec.       3,  1912 

Perrin,    Lester    William.      Draftsman,    G.    T.    Ry.,    114 

Dowling  Ave.,  Toronto,   Ont.,   Canada Dec.       3,  1912 

Sleppy,    Kirby    Baldwin.      Instrumentman,    Los    Angeles 

Aqueduct    Power    Dept.,     1134     Central    Bldg.,    Los 

Angeles,    Cal Dec.       3,  1912 

Thackwell,  Henry  Lawrence.     Chf.  Engr.,  Lake  Chelan 

Land  Co.,  722  Leary  Bldg.,  Chelan,  Wash Dec.       3,  1912 

Thomas,     Franklin.       Draftsman,     Alabama     Power     Co., 

Birmingham,    Ala Dec.       3,  1912 

Wade,  Newton  Benjamin.     City  Engr.,  Millville,  N.  J....     Dec.       3,  1912 
Yereance,  Alexander  Woodward.     Engr.  with  MacArthur 

Bros.  Co.,  Clanton,  Ala Dec.       3,   1912 


RESIGNATIONS 

MEMBERS  D„PSit?l 

Resignation. 

Folwell,  Amory  Prescott Dec.  31,  1912 

Gardner,    Edmund    LeBreton Dec.  3,  1912 

Hodges,    Gilbert Dec.  3,  1912 

McClintock,    William    Edward Dec.  31,  1912 

Orange,    James Dec.  3,  1912 

Payne,  William  Arthur Dec.  31,  1912 

Raasloff,  Harald  de Dec.  31,  1912 

associate  members 

Chambers,    Henry    Wick Dec.  31,  1912 

Derby,  Chester  Cawthorne Dec.  31,  1912 

Eqan,  Louis  Henry Dec.  31,  1912 
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ASSOCIATE  MEMBERS    (Coutinved)  Date  of 

Resignation 

HowALT,    \Vii,iii:i,M    Jens    Christian Dec.  31 

Jackson,   Granbkry Dec.  31 

JouETT,  Henry  Detrick Dec.  31 

Locke,  William  Willard Dec.  31 

RoBBiNS,   Hallet    Rice Dec.  31 

Robinson,   Frank  Miner Dec.  31 

Shire,   Moses   Edmund Dec.  31 

Stenger,  Ernest Dec.  31 

Stout,   Homer   Harding Dec.  31 

ToLTZ,  Max Dec.  31 

Vogt,  John  Henry  Leon Dec.       3 

Wood,  George  Roy Dec.  31 


1912 
1912 
1912 
1912 
1912 
1912 
1912 
1912 
1912 
1912 
1912 
1912 


associates 


BouTON,    Harold Dec.       3,  1912 

Green,   Howard    Burkhardt Dec.     31,  1912 

Ray,  David  Heydorn Dec.     31,  1912 


Chandler,  Horace  Edward Dec.  31,  1912 

Croasdale,  Laurence  Brodhead Dec.  31,  1912 

Cunningham,  William  Augustine Dec.  31,  1912 

Lowry,  John,  Jr Dec.  31,  1912 

Maglott,   George  Frederick Dec.  31,  1912 

Nitchie,    Francis    Raymond Dec.  31,  1912 

Payne,  George  Amos Dec.  31,  1912 

Stewart,  Walter  Phelps Dec.  31,  1912 


DEATHS 

Allen,  Charles  Albert.     Elected  Member,  June  4th,   1879;   died  December 

9th,  1912. 
Baily,  Thomas  Chalkley  James,  Jh.     Elected  Member,  October  4th,  1905; 

died  December  7th,  1912. 
Ballard,   Robert.      Elected '  Member,    September    1st,   1880;    died   November 

22d,  1912. 
Bell,   Andrew.      Elected    Member,   Sci)tember   5th,    1883;    died   October   23d, 

1912. 
Boller,    Alfred    Pancoast.    (Vice- President.)     Elected    Member,    DoopmlH-r 

4th,  18G7;  died  December  9th,  1912. 
Dei'rees,  iSIoKRis   M.     Elected  Mombor,  March  3d,   1880;   died  October   16th, 

1912. 
Grimm,  Henry  England.     Elected  Junior,  October  2d,  1900;  Associate  Mem- 
ber, Xovember  4th,  1908;   died  December  12th,  1912. 
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Hawkesworth,  John.  Elected  Junior,  September  6th,  1904;  Associate  Mem- 
ber, November  4th,   1908;    died  December   10th,   1912. 

Shanly,  James  Moore.  Elected  Member,  July  6th,  1887;  died  November 
28th,   1912. 

Speed,  James  Breckinridge.  Elected  Associate,  May  2d,  1888;  died  July 
7th,  1912. 

Thornlev,  Julian.  Elected  Associate  Member,  January  2d,  1901;  Member, 
September  5th,  1905;   died  December  21st,  1912. 


Total  Membership  of  the  Society,  January  ad,  191 3, 
6778. 
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MONTHLY    LIST  OF    RECENT   ENGINEERING    ARTICLES  OF 

INTEREST 

(December  5th,  1912,  to  January  1st,  1913) 
NoTR. — This  list  is  puhlished  for  the  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineerinq  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OF  PUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
profxed  to  each  journal  in  this  list: 

(28)  Journal,  New  England  Water- 
Works  Assoc,   Boston,   Mass.,   $1. 

(29)  Journal,  Royal  Society  of  Arts, 
London,    England,    6d. 

(30)  Annales  des  Travaux  Publics  de 
Uelgique,  Brussels,  Belgium.  4  fr. 

(31)  Annales  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Sp6clales  de  Gand, 
Brussels,   Belgium,  4   fr. 

(32)  M6moires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
France,    Paris,    Prance. 

(^3)    Le  G6nie  Civil,  Paris.  Prance,   1  fr. 

(34)  Portefeuille  Economiques  des  Ma- 
chines,   Paris,    France. 

(35)  Nouvelles  Annales  de  la  Construc- 
tion, Paris,  Prance. 

(36)  Cornell  Civil  Engineer.  Ithaca,  N.  Y. 

(37)  Revue  de  MScanique,  Paris,  France. 

(38)  Revue  Generate  des  Chemins  de 
Per  et  des  Tramways,  Paris. 
France. 

(39)  Terhnisrhes  Gcmeindehlatt,  Berlin, 
Germany,   0,    70m. 

(40)  Zentralhlatt  der  Bauverwaltung, 
Berlin,  Germany.  60  pfg. 

(41)  Elektrutechnische  Zeitsclirift,  Ber- 
lin,  Germany. 

(42)  Proceedings.  Am.  Inst.  Elec.  Engrs., 
New  York  City,  $1. 

(43)  Annales  des  Ponts  et  Chauss6es, 
Paris.  Prance. 

(44)  Journal.  Military  Service  Institu- 
tion. Governors  Island,  New  York 
Harbor.   50c. 

(45)  Mines  and  Minerals,  Scranton,  Pa., 
25c. 

(46)  Scientific  American,  New  York  City. 
15c. 

(47)  Mechanical  Engineer,  Manchester. 
England,   3d. 

(48)  Zritschrift.     Verein     Deutscher     In- 
genieure,  Berlin,  Germany.  1.  fiOm. 

(49)  Zritschrift  fiir  Bativesen,  Berlin. 
Germany. 

fSO)  Slahl  vnd  Eisen.  Diisscldorf.  Ger- 
many. 

(51)  Deutsche  Bauzeitung,  Berlin.  Ger- 
many. 

(52)  Rioasche  Jndustrie-Zeitnng,  Riga. 
Russia.    25    kop. 

(53)  Zritschrift,  Oesterrelohischer  In- 
genieur  und  .\rrhltektcn  Verein. 
Vienna.  Austria,  "Oh. 

(54)  Transactions.  Am.  Soc.  C.  E.,  New 
York  City.    $4. 


(1 
(2 
(3 
(4 
(S 
(6 

(7 

(8 

(9 

(»0 

(11 

(12 

(13 

(14 

(15 

(16 

(17 

(18 

(19 

(20 
(21 

(22 

(23 

(24 

(25 

(26 

(27 


^oi/7-)ia^  Assoc.  Eng.  Soc.  Boston, 
Mass.,    30c. 

Proceedings,  Engrs.  Club  of  Phila., 
Philadelphia,    Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia. Pa.,  50c. 

Journal.  Western  Soc.  of  Engrs., 
Chicago,   III.,  50c. 

Transactions,  Can.  Soc.  C.  E., 
Montreal,    Que.,    Canada. 

School  of  Mines  Quarterh/,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Gesundheiis  lugenieur,  Miinchen. 
Germany. 

Stevens  Institute  Indicator.  Ho- 
boken.   N.   J.,   50c. 

Engineering  Magazine,  New  York 
City,    25c. 

Cassier^s  Marjazine,  New  York  City, 
25c. 

Enaineerinq  (London),  W.  H. 
Wiley,    New   York   City,    25f. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,   35c. 

Engineering  News,  New  York  City, 
15c. 

Ennineerina  Record.  New  York 
City,    10c. 

Railwaif  Age  Gazette,  New  York 
City,   15c. 

Engineering  and  Mining  Journal, 
New  York  City,   15c. 

Electric  Railway  Journal.  New 
York  City,   10c. 

Railway  and  Engineering  Rcvieto, 
Chicago,    111.,    15c. 

Scientific  American  Supplement, 
New  York  City,  10c. 

Iron   Age,   New   York   City,   20c. 

Railway  Engineer,  London,  Eng- 
land.   Is.    2d. 

Iron  and  Coal  Trades  Review,  Lon- 
don.   England,    6d. 

Bulletin,  American  Iron  and  Steel 
Assoc,    Philadelphia,    Pa. 

American  Gas  Light  Journal,  New 
York   City,   10c. 

American  Engineer,  New  York 
City,   20c. 

Electrical  Review,  London,  Eng- 
land.  4d. 

Electrical  World,  New  Yo/k  City, 
10c. 
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(55)  Transactions,  Ani.  Soc;   M.   E.,   New 

York  City,  $10. 

(56)  Ti-ansactions,       Am.        Inst.        Min. 

Engrs.,    New    York    City,    $6. 

(57)  Colliery     Chiardian,     London,     Eng- 

land.   5d. 

(58)  Proceedings,    Engrs.'    Soc.    W.    Pa., 

80.3      Fulton      Bldg.,      Pittsburgh. 
Pa.,    50c. 

(59)  Proceedings,        American        Water- 

Works  Assoc,   Troy,  N.  Y. 

(60)  Municipal       Engineering,       Indian- 

apolis,  Ind.,   25c. 

(61)  Proceedings,        Western         Railway 

Club,   225   Dearborn  St.,   Chicago, 
111.,    25c. 

(62)  Industrial     World,     59     Ninth     St., 

Pittsburgh,   Pa.,    10c. 
(6,?)    Minutes  of  Proceedings,  Inst.   C.   B., 
London,    England. 

(64)  Poioer,    New    York    City,    5c. 

(65)  Official      Proceedings,      New      York 

Railroad    Club,    IBrooklyn,    N.    Y., 
15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,  6d. 

(67)  Cement     and     Enaineering     News, 

Chicago,   111.,   25c. 

(68)  Mining    Journal,    London,    England. 

6d. ' 

(69)  Der  Eisenhau,  Leipzig,   Germany. 

(70)  Enoineering      Review,      New      York 

City,    10c. 

(71)  Journal,   Iron  and   Steel   Inst.,   Lon- 

don,   England. 
(7Irt)    Carnegie       Scholarship       Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  American      Machinist.      New      York 

City,  15c. 

(73)  Electrician,    London,    England,    18c. 

(74)  Transactions,     Inst,     of     Min.      and 

Metal.,    London,    England. 

(75)  Proceedings,   Inst,   of  Mech.    Engrs., 

London,    England. 

(76)  Brick,  Chicago,  III.,  10c. 

(77)  Journal,    Inst.     Elec.    Engrs.,     Lon- 

don,   England,    5s. 

(78)  Beton   und   Eisen.    Vienna,    Austria, 

1,  50m. 

(79)  Forscherarbeiten,  Vienna,   Austria. 

(80)  Tonindustrie    Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genicAirioescn,     Wiesbaden,      Ger- 
many. 


82)  Mining     and     Engineering      World, 

Chicago,   111.,  lOc. 

83)  Progressive    Age,    New    York    City, 

15  c. 

84)  Le  Ciment,  Paris,   France. 

85)  Proceedings,   Am.    Ry.    Eng.    Assoc, 

Chicago,    111. 

86)  Engineering-Contracting,       Chicago, 

111.,    10c 

87)  Railway    Engineering    and    Mainte- 

nance of  Way,  Chicago,   111.,   10c. 

88)  Bulletin    of    the    International    Ry. 

Congress    Assoc,     Brussels,     Bel- 
gium. 

89)  Proceedings,    Am.    Soc.    for    Testing 

Materials,  Philadelphia,  Pa..  $5. 

90)  Transactions,        Inst.        of        Naval 

Archts.,   London,   England. 
91  )    Transactions,     Soc.     Naval     Archts. 
and     Marine     Engrs..     New     York 
City. 

92)  Bulletin,        Soc.        d'Encouragement 

pour  rindustrie  Nationale,  Paris, 
France. 

93)  Revue       cle       Metallurgie,        Paris, 

France,    4   fr.    50. 

94)  The  Boiler  Maker,  New  York  City, 

10c. 

95)  International    Marine    Engineering, 

New  York  City,   20c. 

96)  Canadian    Engineer,    Toronto,    Ont., 

Canada,    10c. 

98)  Journal,    Engrs.    Soc    Pa.,    Harris- 

burg,    Pa.,    30c. 

99)  Proceedings,  Am.   Soc.  of  Municipal 

Improvements,     New    York    City, 
$2. 

100)  Professional     Memoirs,     Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.    C,    50c 

101)  Metal  Worker.  New  York  City,  10c. 

102)  Organ     fiir     die     Fortschritte     des 

Eisenbahnwcsens,  Wiesbaden, 

Germany. 

103)  Mining    and    Scientific    Press,    San 

Francisco,   Cal.,   10c. 

104)  The    Surveyor    and    Municipal    and 

County    Engineer,    London,    Eng- 
land, "6d.  . 

105)  Metallurgical     and     Chemical     En- 

gineering, New  York  City,  25c. 

106)  Transactions,   Inst,   of   Min.    Engrs.. 

London,    England,   6s. 

107)  Schioeizerische  Bauseitung ,   Ziirich, 

Switzerland. 

108)  Southern    Machinery,    Atlanta,    Ga., 

10c 


LIST  OP  ARTICLES 
Bridges. 

The  Ohio   River  Highway    Bridge  at   Sewickley.*   V.    R.    Covell     (58)     Get 

Bridging  of  the  Gamtoos  River.*      (From  South   African   Railway  Magazine  )       (87) 

A  Highway  Bridge  with  Provision  for  a  Future  Drawspan  :  Trail  B.  C  *  E  E 
Howard.      (  13)      Dec  5. 

The   New   Pontoon    Bridge    at    Constantinople*     (12)      Dec    6. 

Substructure  of  the  East  Haddam  Bridge,  Special  Reinforced  Concrete  Girder  Abut- 
ment on  Eccentric  Columns  and  a  Reinforced  Concrete  Pivot  Pier  with  Three 
Tiers  of  Pockets.*      (14)      Dec.   7. 

City    Bridge    Floors    under   Heavy   Traffic.       (14)      Dec    7. 

The  New  O.-W.  R.  &  N.  Bridge  at  Portland,  Oregon.*  W.  P.  Hardesty.  (13) 
Dec.   12. 

The  Glen  Loch  Bridge  Wreck.*      (13)      Dec.  19. 

Larimer  Ave.  and  Atherton  Ave.  Concrete  Arch  Bridges,  Pittsburgh.*      (13)      Dec.  19. 


*Illustrated. 
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Bridges—!  Continued ). 

I'lipportiiiK   ;i    Lai-Ko    Derrick    from    a    Steel    Mridne   Tower.*     (14)    Dec.    21. 

LarKe  Ueiiiforeeil  CotK-rote  liridges  in  Pittsbursli.*  N.  S.  Sprague.  (Abstract 
of  paper   read   before  the   National   A.ssoe.  of  Cement  U.sers.)       (14)      Dee.   21. 

Constructional  and  Economic  Features  of  Recent  Concrete  Bridge  Work  in  Pitts- 
burgh,   Pa.'     (86)     Dec.    25. 

A  Successful  Floating  Concreting  Plant  for  Bridge  Construction.*  Clement  K. 
Chase.     (86)    Doc.   25. 

The  Electrical  Equipment  of  the  Hawthorne  Avenue  Bridge,  Portland,  Oregon.* 
(96)     Dec.     2(i. 

The  .'')2.'?J-Ft.  Steel  Arch  Bridge  over  the  Sanaga  River,  Cameroon,  South  Africa.* 
K.   A.   Muellenhoff.      (13)      Dec.    26. 

lOngineering  Problems  in  the  Foundations  for  a  Cleveland  Viaduct.  A.  M.  Felgate. 
(Paper    read    before   the    Cleveland    Eng.    See.)     (62)    Dec.    30. 

Warthebrucke  bei    Neustadt   i.    Posen.*    Meyer.    (40)    Nov.   30. 

Die   ncue    Weichselbrucke   bei    Marienwerder.*    Rhotert.    (102)    Dec.    1. 

Electrical. 

Yellow    Flame   Arcs.*      Maurice   Solomon.       (77)      Nov. 

Power  Generation  and  Distribution   in   the  Clyde  Valley  Electrical  Power  Company's 

Area.*     David  A.  Starr.      (77)      Nov. 
Homopolar  Generators.*      Ernest  W.   Moss  and  .1.  Mould.      (Abstract.)       (77)      Nov. 
The    Choice    of    Material    for    Overhead    Line    Conductors.*       E.    V.    Paunell.       (77) 

Nov. 
High-Voltage  Testing  Transformers.*      R.  G.  Parrott.      (Abstract.)      (77)      Nov. 
.■\n    Account   of   Some    Experiments    Made   with    Various   Wireless   Telegraphy   Trans- 
mitters   and    a    Complete    Description    of    an     Inexpensive    Apparatus    for    Use 

Over   Short  Distances.      Philip   R.   Coursey.      (Abstract.)      (77)      Nov. 
The    Transmission    of    Electrical    Energv    bv    Direct-Current   on    the    Series    System.* 

.T.    S.    Highflelrt.       (77)       Nov. 
Condensers    in    Series   with    Metal    Filament    Lamps.*       A.    W.    Ashton.       (77)      Nov. 
The    Four-Terminal    Conductor    and    the    Thomson    Bridge.      Frank    Wenner.       (Ab- 
stract  from   Bulletin,   Bureau   of   Standards.)       (73)     Nov.    29. 
Armature    Reaction    in   Lap-Wound   Machines.      W.    Lulofs.      (73)      Serial    beginning 

Nov.   29. 
The  Loading  of   Submarine  Telephone  Cables.      J.    G.   Hill.      (26)      Serial   beginning 

Nov.    29. 
Comparative     Tests    on     High-Tension     Suspension     Insulators.*       P.     W.     Sothman. 

(42)      Dec. 
High    Frequency    Tests    of    Line    Insulators.*      L.    E.    Iralay    and    Percy    H.    Thomas. 

(42)      Dec. 
A   Method    of    Improving   the    Sensitiveness    of   the    Telephone    Receiver   as   a   Detector 

in    Alternating    Current    Null    Measurements.       Phillips    Thomas.       (3)       Dee. 
The     Economical     Speed     Control     of     Alternating-Current     Motors     Driving     Rolling 

Mills.*      F.    W.    Meyer    and    Wilfred    Sykes.       (42)       Dec. 
Application    of   the    Selenium    Cell    to    Photometry.*      A.    H.    Pfund.       (Abstract    from 

the    Phiisica'    Rcvicir.)       (73)       Dec.    6. 
Erecting  Tall  Wireless  Towers  at  Arlington.*       (14)      Dec.   7. 
Reinforced  Concrete  Telegraph  Pole  Tests.      (14)      Dec.   7. 
Design  of  Piping  for  Transformer  Oil,  Air  and   Cooling  Water.*      Fred  Buch.      (27) 

Dec.  7. 
The  Reduction  in  the  Cost  of  Electric  Lighting  Abroad.*      (13)      Dec.  12. 
The   Oil-Drop   Method  of  Studying  Electrical   Phenomena   in   Gases.      R.    A.   Millikan. 

(Abstract  of  paper  read  before  the  Am.   Electrochemical   Soc.)      (73)      Dec.    13. 
Some    Considerations    in    Connection    with    Electrically    Driven    Non-Reversing    Mills. 

S.   H.   Eckmann.      (73)      Dec.   13. 
Electric  Cranes  in  Iron  and  Steel  Works.*     H.  H.  Broughton.      (73)      Dec.  13. 
Electric   Control  (5ear  for  Iron   and   Steel  Works.*      .1.   M.   L.   Slater  and  F.   C.    Hall. 

(73)      Dec.  13. 
The    Selection    and   Care   of   Electrical    Machinery    in    Steelworks.*      .1.    Arthur    Sykes. 

(73)      Dec.   13. 
Electric  Furnaces  in  the  Manufacture  of  Steel.     Edward  F.  Law.      (73)      Dec.    13. 
Induction  Furnaces  and  Their  Relation  to  the  Steel   Indu.stry.*     Joh.   Harden.      (73) 

Dec.    13. 
The  Elect'-ic  Arc  Furnace  in  Steel  Production.*     W.  S.  Gifford.      (73)      Dec.   13. 
Electrical    Plant    for    Driving   the   Reversing   Rolling-Mill    at   the   Skinningrove    Iron- 
works.*      (73)      Dec.   13. 
The  Shaw    Electric   Monorail   System   of  Travelling  Cranes.*      (18)      Dec.    14. 
Electricity   rrr.siis  Gas  for  Street  Lighting.      T.   Osborne.      (27)      Dec.   -t. 
The    Change    of    ETiergy     Loss     with     Speed     in     Direct-Current    Machines.*       W.     M. 

Thornton.       (73)      "Dec.    20. 
The  Billiter  .\lkali-Chlorine  Cells.*     A.  G.  Allmand.      (Abstract  of  paper  read  before 

the   Faradav  Soc.)      (73)      Dec.  20. 
The  New  W'ireless  Telegraph   Station   at  Fort  Myer,   Virginia.*      Davis  H.  Tuck  and 

Millard   B.   Hodgson.      (26)      Dec.   20. 

•Illustrated. 
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Electrical— (Continued) . 

Electric    Power    Testing    Set.*      .TaniPs    C.    Bennett.       (16)     Dec.    21. 
Porcelain-Clad   Reactors.*      (27)      Doc.   21. 
Electric  Development  in   New  England.*      (27)      Dec.  28. 

Pisturbances    of    Potential    and    Current    Produced    in    an    Active    Conducting    Net- 
work by  the  Application  of  a   Leak  Load.*      A.   E.   Kennelly.      (27)     Dec.   28. 
High    Speed    Turbo-Alternators — Designs    and    Limitations.       B.    G.    Lamme.       (42) 

.Tan 
Industrial    Lighting.*    C.    L.    Eshleman.     (42)     Jan. 
Les     Propriet^s     Magn^tiques     des     Alliages    des     M6taux     Ferromagn^tiques ;     Fer- 

nickel,    Nickel-cobalt,    Cobalt-fer.       P.    Wei.ss.       (Paper    read    before    the    Inter. 

Assoc,   for  Testing  Materials.)      (93)      Dec. 
llntersuchungen  iiber  magnetische  Hysteresis.*     F.  Holm.      (48)      Oct.  26. 
Einphasenwechselstrom-Kollektormotoren.*       M.    Latour.       (41)     Nov.    28. 
Selbstkosten     von     Gasanstalten     und     Elektrizitatswerken.       Friedrich     Ross.     (41) 

Nov.    28. 
Vereinfachte    Berechnung    der    Spannungsverhaltnisse    bei    Freileitungen    mlt    hohen 

Spannungen.*       Nils    Forssblad.       (41)     Dec.    5. 
I'eber    Selbsterregung   und    Nutzbremsung    von    Maschinen    mit    Reihenschlus.scharak- 

teristik.*     A.  Scherbius.     (41)      Dec.  5. 
Eine    neue     kiinstliche    Leituag    zur    Untersuchung    von     Telegraphierstromen     und 

Schaltvorgiingen.*      Karl   Willy   Wagner.      (41)      Serial   beginning   Dec.    12. 
Zur  Berechnung  der  mittleren  Beleuchtung  rechteckiger  Flachen.*     Adolf  Thomalen. 

(41)      Dec.   19. 

Marine. 

Electrical  Working  of  Auxiliary  Machinery  on  Modern  Steamships.*  E.  T.  Caparn. 
(Abstract.)      (77)      Nov. 

The  Uses  of  Gases  on  Ships  for  Fire  Extinction  and  Fumigation.  E.  Kilburn  Scott, 
A.  M.  Inst.  C.  E.  (Paper  read  before  the  Inst,  of  Marine  Engrs.)  (47) 
Nov.    29. 

Performance  of  a  Dipper  Dredge  Driven  bv  Oil  Engines  on  Drainage  Ditch  Excava- 
tion.     (13)      Dec.    5. 

Modtrn  Painting  Methods  in  the  Navy:  The  Government  Now  Its  Own  Manufac- 
turer of  Paints.  Henry  Williams.  (Paper  presented  to  the  Eighth  Inter.  Cong, 
of   Applied   Chemistry.)       (19)      Dec.   7. 

Use  of  Oil  Fuel  in  the  United  States  Navy.  H.  I.  Cone.  (Abstract  of  paper  read 
before  the  Eighth   Inter.   Cong,  of  Applied   Chemistry.)       (13)      Dec.    19. 

Geared  Turbines ;  Their  Development  for  Ship  Propulsion.  George  Westinghouse. 
(19)      Dec.   21. 

Le  Selandia  et  le  Jutlandia.  Navires  a  Moteurs  Diesel,  de  la  Compagnie  de  I'Bst- 
Asiatique  Danois.      M.  Gouriet.      (33)      Nov.  30. 

Mechanical. 

On   the   Measurement    of  the   Air-Supply   to   Internal    Combustion   Engines,   by   Means 

of  a  Throttle-Plate.     William  Watson  and  Herbert  Schofield.      (75)      Apr. 
Furnace   Efficiency.      .Joseph   Harrington.       (4)      Nov. 

Purchase  of  Lubricating  Oil  by  Specification.     A.  D.  Smith.      (58)      Nov. 
Power-Plant    Economics.*      Horace    W.    Flashnian.       (6)       Nov. 
Coal-Conveying  Plant   at  the  Leipzig  Gas-Works.*      Hubert  Hermanns.      (66)      Nov. 

26. 
Recent  Developments  in  the  Manufacture  of  Refractory  Goods  from  Fire-Clay.     G.  H. 

Pearson-Perry.      (Paper  read  before  the  Soc.  of  British  Gas  Industries.)      (66) 

Nov.  26. 
The  Measurement  of  the  Flow  of  Gases  in  Mains  by  Means  of  the  Pitot  Tube.*     A.  R. 

Griggs.       (Paper    read    before    the    London    and    Southern    District    Junior    Gas 

Assoc.)       (66)      Nov.   26. 
Mechanical   Haulage.      George   Symon.      (Paper   read   before   the   Institution   of   Mun. 

Engrs.)       (104)      Nov.   29. 
Some    Milling    Experiments.*      P.    V.    Vernon.       (Abstract   of    paper    read    before    the 

Manchester  Assoc,   of   Engrs.)       (47)      Nov.   29. 
Chain  Driving*      H.  T.  Hildage,  M.  Inst.  C.  E.      (Paper  read  before  the  Rugby  Eng. 

Soc.)       (47)      Nov.    29. 
Examples  of   Milling   Machine  Work.*      (108)      Serial  beginning  Dec. 
Hydraulic  Cranes,   Immingham  Docks:  Gt.  Central  Railway.*      (21)      Dec. 
Laboratory  on   Wheels:    Used   in   Atmospheric  Tests  by   Smoke   Abatement   Experts.* 

Hugh"  Pattison.      (60)      Dec. 
Manufacture  of  Railway  Shovels.*      (87)      Dec. 
Coal   Stacking  and   Coal   Firing.      H.   Kendrick.      (Paper  read   before   the   Manchester 

District   Ins-titution   of  Gas  Engrs.)      (66)      Dec.   3. 
High-Pressure    Gas    Lighting.      Walter    Grafton.       (Paper    read    before    the    Scottish 

Junior  Gas  Assoc.)      (66)      Dec.  3. 
Methods  of  Laying  Submerged  Gas   Mains  Across  Two  Rivers  at  New  Haven.  Conn. 

H.  B.  White.      (Paper  read  before  the  Connecticut  Soc.  of  C.  E.)      (86)     Dec.  4. 


'Illustrated. 
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Mechanical^(  Continued  >. 

Canadian   Studies  of   Peat   P'uel    in   Gas  Produnrs   and   the   Elimination   of   Tar   from 

Prodnter  Gas.*      (13)      Dec.   5. 
Tlie  MoldinK  of  Bronze  Statuary.*     E.  A.  Suverkrop.      (72)      Dec.  5. 
Motorcycle  Work  at  the  Pierce  Shop.*      Ethan  Viall.    (72)      Dec.  5. 
A   New  Principle  in  the  Design   of   High-Vacuum  Punip.s.*      (13)      Dec.  5. 
Engli.'-h  Tower  Cranes  for  Building  Con.^truction.*      (13)      Dec.  5. 
Lniver.sal  Boring  and  Milling  Machine  with   Internal   Spindle.*      (13»      Dec.   6. 
.\    Powerful    Slotting   Machine.*       (12)      Dec.    6. 
Note    on    Kly-Wheel    Design    for    Internal    Combuttion    Engines.*       Robert    Oliphant 

Boswall.      (13)      Dec.    6. 
Waste    Heat    Utilization.       I.    V.    Robinson,    M.    Inst.    Mech.    Engrs.       (Abstract    of 

paper  read  before  the  Cleveland  Eng.   Soc.)       (22)      Dec.  6. 
'I  he  Rating  and   Pricing  of  Speed  Reducing  Gear.*      E.  A.  Vessey.      (22)      Dec.   6. 
Open-Hearth     Furnace    Design     and     Manipulation.*       John     Ploehn.        (Paper    read 

before  the  Am.  Foundrymens  Assoc.)      (47)   Dec.  6:   (20)  Dec.  26. 
.Mi.xing,    Hoisting    and    Charging    Equipment    for    Handling    Coal    and    Minerals,    In- 
stallations for  Handling  with  Automatic  Devices  900  Tons  of  Material  a  Day.* 

(14)       Dec.    7. 
Some  Recent  Developments  in  Wood  Distillation.      Thomas  W.   Pritchard.      (Abstract 

of    paper    read    before    X.    Y.    Section    of    Soc.    of    Chemical    Industry.)        (19) 

Dec.    7. 
The  Barnum   Process  of  Generating  Gas.*      (24)      Dec.   9. 

Tests  of  Wood,    Paper  and   Steel   Pulleys.*      H.  A.   Woodworth.      (64)      Dec.   10. 
The  Design  of  Ignition  Arches.*      Joseph  Harrington.      (64)      Dec.  10. 
Small   Westinghouse  Steam  Turbine.*      (64)      Dec.    10. 
Indirect    Lighting.      F.    W.    Willcox    and    H.    C.    Wheat.       (Paper    read    before    the 

Illuminating   Eng.   Soc.)       (66)      Dec.   10. 
Vertical    Retorts    and    Continuous    Carbonization.*       Norton    H.    Humphreys,    Assoc. 

M.    Inst.   C.   E.      (66)      Dec.    10. 
A  Quadrant  Crane  for  Motor  Trucks.*      (13)      Dec.   12. 
An  Aeroplane  Catapult.*      (12)   Dec.  13:    (46)   Dec.  14. 
Furnace    Charging     Machines    with     Special     Reference     to     Open     Hearth     Works.* 

J.    Smith.   A.   M.    I.   Mech.   E.      (73)      Dec-  13. 
Pyrometry   in   Steel  Works.*      Chas.   R.   Darling.      (73)      Dec.    13. 
1  he   Manufacture  of  Seamless   Steel   Boiler  Tubes.      J.   J.   Dunn.      (Abstract  of  paper 

read   before  the  Am.    Boiler   Mfrs.'   Assoc.)       (18)      Dec.   14. 
How  to  Overcome  Lamination.*      (Brick  Manufacture.)      R.  T.  Stull.      (76)      Dec.  15. 
Consumers"    Meters.      Charles   C.    Schiller.       (Paper   read   before   the   Am.    Gas    Inst.) 

(83)       Dec.    16. 
Heat  Value  and  Candle  Power.      (Report  of  Committee  of  the  Am.  Gas.   Inst.)      (83) 

Dec.   16. 
Some  Practical  Notes  on  Retort  House  Work.      Victor  White.      (24)      Dec.  16. 
Nashamena  Steam  Turbine  Plant.*      Warren   O.  Rogers.      (64)      Dec.   17. 
The  Flow  of  Steam  Through   Pipes.*      H.   V.   Carpenter.      (64)      Dec.   17. 
The  Residuals   Inquiry.      (Text  of  the  Report   by   the  Joint  Select   Committee  of  the 

House    of    Lords    and    the    House    of    Commons    on    "Gas    Authorities    ( Residual 

Products.'))       (66)      Dec.    17. 
Lignite  and   Its  Uses.      R.   O.   Wvnne-Roberts.      (Paper  read  before  the  Regina   Eng. 

Soc.)       (96)      Dec.   19. 
Group  and   Individual   Drives.*      A.  G.   Popcke.      (72)      Dec.   19. 
Stresses  and  Deflections  of  Shafts*     A.  Schein.      (72)      Dec.  19. 
A  Magnetic-Load  Machine  for  Alternating  Stress  Tension  Tests,  and   Some  Results.* 

(13)  Dec.   19. 

Aeroplane    Engines.*       A.    Graham    Clark.       (Paper    read    before    the    Institution    of 

Automobile  Engrs.)  (13)  Dec.  20. 
The  Keymer  Rock-Drill.*  (13)  Dec.  20. 
Test-Bars    for    Chillable    Iron";.*       Thos.    D.    West.       (Paper    read    before    the    Inter. 

Assoc,   for  Testing   Materials.)       (13)      Dec.   20. 
Recent  Developments  in  the  Curtis  Steam  Turbine.*      R.  F.   Halliwell.      (Paper  read 

before  the  Manchester  Assoc,   of  Engrs.)       (47)      Serial   beginning  Dec.   20. 
The  Cro.sbv  Automatic  Boiler-Feed   Regulator.      (13)      Dec.   20. 
Flat  Surfaces  Supported  by  Stay  Bolts.*      A.  J.  Toppin.      (64)      Dec.  24. 
The    Low-Temperature    Modification    of    Bituminous    Coals    to    Form    a    Smokeless 

Domestic   Fuel.*       (Abstract  from   Bui..  Univ.    111.    Eng.   Exper.    Station.)       (13) 

Dec.   26. 
The  Case  of  the  Oil  Engine.     William  T.  Price.      (Paper  read  before  the  Philadelphia 

Foundrymen's  As.soc. )       (20)      Dec.  26. 
Freight    Handling    System    for    a    Warehouse,    Telpherage    System    for   Handling    De- 
tachable   Motor    Truck    Bodies    Loaded   with    Packages    of    Miscellaneous    Sizes.* 

(14)  Dec.    28. 

The  Manufacture  of  Manila   Rope;    Its  Use  for  Transmission  and  Hoisting.*      C.  W. 

Hunt.      Dec.    28. 
The    Photometry    of    Incandescent    Gas   Lamps.*      C.    O.    Bond.       (Paper    read    before 

the  Am.  Gas  Inst.)      (24)      Dec.   30. 


♦Illustrated. 
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Mechanical— (Contlriued). 

Lent/-     System     Applied    to     Steam     Engine.*       Sigfried     Rosenzweig.       (Paper     read 

before  the  Ohio  Soc.  of  Mech.   Elec.   and   Steam   Engrs.)       (64)      Dec.   31. 
Progress   of   Wolf   Locomobile   Engines.*      F.    E.    Junge.       (64)       Dec.    31. 
Procedure    in    Coal    Specifications.       Mervin    K.    Haer.       (64)       Dec.    31. 
Les   Trains    PlanStaires,    leur   Thoorie   et   Icur   Application   aux    RSducteurs   et  Multl- 

plicatcurs    de   Vitesse.*      P.    Laruelle.       (37)       Nov.    30. 
Presses    a    Agglomgrer    les    Charbons,     pour    la    Fabrication    des    Boulets    Ovoides, 

Construites  par  les  Fonderies  et  Ateliers  de   Construction   de  PHorme    (Loire).* 

(34)      Dec. 
Enregistrement  Automatique  dc   la   Relation   entre   les  Efforts  et   la   Deformation   des 

Materiaux    lors    du    Choc*       Andre    Gagarine.       (Paper    read    before    the    Inter. 

Assoc,   for  Testing  Materials.)       (93)      Dec. 
Uecherches    Exp6rimentales    siir    les    Metaux    Antifriction     pour    Machines.*       Nino 

Pecoraro.      (Paper  read   before  the  Inter.    Assoc,   for   Testing   Materials.)       (93) 

Dec. 
Application   a   la  Fonte  de   Methodes  d'Essais  M^caniques   Adoptees   pour  les   Autres 

M4taux.*      A.    Damour.      (Paper   read   before   the    Inter.    Assoc,   for   Testing   Ma- 
terials.)      (93)      Dec. 
W  Concours  de  Pare-Boue  de  lAutomobile-Club  de  Seine-et-Oise  (Versailles,  1912).* 

E.  Bret.      (33)      Dec.   14. 
Eine    Drahtseilbahnanlage    von    ungewohnlichen     Abmessungen.*        Adolf    Bleichert. 

(81)      Pt.   6. 
Die     Herstellung     von     Qualitatsguss     unter     Verwendung     von     Metallspanen.*       J. 

Mehrtens.      (48)      Oct.   26. 
Neuere   Bestrebungen   im   Dampfkesselbau.*    Friedrich   Miinzinger.      (48)      Serial   be- 
ginning  Oct.    26. 
Ueber  die  Wahl  der  Geschwindigkeitsdiagramme   von   Francis-Turbinen.*   K.   Korner. 

(48)      Oct.   26. 
Zur  Schleiftechnik  in  der  Giessereibetrieben   der  Vereinigten  Staaten  von   Nordamer- 

ika.*     C.  Krug.      (50)   Nov.  28. 
Selbstkosten    von    Gasanstalten    und    Elektrizitiitswerken.       Friedrich    Ross.       (41) 

Nov.    28. 

Metallurgical. 

Methods   of   Preparing   Cuban   Brown    Iron   Ore   for   Blast  Furnace  Use.      R.   B.   Ger- 

hardt.       (98)      Nov. 
The  Black  Oak  Mill.*      Charles  H.   Urquhart.      (103)      Nov.   30. 

Hydraulic    Classification.       (Pulp    for  Tube   Milling.)    G.    A.    Robertson.       (t05)    Dec. 
Recent  Copper  Milling  Practice  at  Lake  Superior.*      (105)      Dec. 
The  Function  of  the  Slag  in  Electric  Steel  Refining.      Richard  Amberg.      (Paper  read 

before  the  Inter.  Cong,  of  Applied  Chemistry.)     (22)     Dec.  6. 
The  Electric  Furnace  for  Brass  Melting.     G.  H.  Clamer  and  Carl  Hering.   (Abstract  of 

paper  read  before  the  Am.  Inst,  of  Metals.)     (47)     Dec.  6. 
The    Froth    Flotation    Process.      H.    L.    Sulman.       (Paper    read    before    the    Inst,    of 

Mines    and    Metallurgy.)      (16)      Dec.    7. 
Nipissing  High-Grade  Mill,  Cobalt.*      R.  B.  Watson.      (16)     Dec.  7. 
Iron    and    Steel    Smelting    in    Electro-Metals    Furnaces.       T.    D.    Robertson.        (73) 

Dec.   13. 
Nipissing  High-Grade  Mill,  Cobalt.     Herbert  A.   Megraw.      (16)     Dec.   14. 
Mechanical  Efficiency  in  Crushing.*     Algernon  Del  Mar.      (16)      Dec.   14. 
Evolution    of    an    Electrolytic    Refinery.      Harold    French.       (103)       Serial    beginning 

Dec.    14. 
Amalgamation    at    the   Homestake.*      Allan   J.    Clarke    and   W.    J.    Sharwood.      (103) 

Dec.    14. 
Progress  in   Steel  Making  in   Alabama.     Frank  H.   Crockard.      (From  Alabama  Geol. 

Survey    Publication.)      (20)    Dec.    19. 
Induction   Furnaces  for  Steel    Refining.      John    B.   C.   Kershaw.      (12)      Serial   begin- 
ning Dec.   20. 
The   Open    Hearth    Furnace   for    Malleable    Cast    Iron.      G.    A.    Blume.       (Abstract    of 

paper    read    before    the    Am.    Foundrymen's    Assoc.)     (22)    Dec.    20. 
IJollinger  Cyanide  Mill,   Porcupine.*      Herbert  A.   Megraw.      (16)     Dec.   21. 
Cyanide   Practice   in   the   Black  Hills.*      Herbert   A.    Megraw.      (16)      Dec.    28. 
Rapport   sur   les   Progrfes   de   la    Metallographie  depuis   la   Commencement   de   I'Annce 

1909   jusqu'a   la   Fin   de    1911.*      E.   Heyn.     (Report  of  Comm.   to   Inter.   Assoc. 

for  Testing   Materials.)       (93)      Dec. 
Les    "Inclusions    de    Scories."       Walter    Rosenhain.       (Report    to    Inter.    Assoc,    for 

Testing   Materials.)       (93)       Dec. 
Principes    Generaux    pour    les    Conditions    de    Reception    du    Cuivre.      L6on    Guillet. 

(Report   of  Comm.   to   Inter.    Assoc,    for   Testing   Materials.)       (93)      Dec. 
De  la   Soudure  des   Soufllures   et  Cavit6s   du   Lingot  d'Acier.*      J.    E.    Stead.      (Paper 

read  before  the  Inter.   Assoc,   for  Testing  Materials.)      (93)      Dec. 
La    Biographic    de    la    Cementite    Pro-Eutectoi'de.*      Henry    M.    Howe    et    Arthur    G. 

Levy.     (Paper  read  before  the  Inter.  Assoc,  for  Testing  Materials.)      (93)     Dec. 

•Illustrated. 
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Metallurgical     (Continued). 

Note    sur    la    Croissaiuo    C'ristalline   de    la   Ferrite    Au-Dessous    de    sa    Zone   Critique 

de   TiMH|)<''rature.*      Albert   Sauvinir.       (Paper    read   before   the   Inter.    Assoc,    tor 

Ti'.-iting    Materials.)       (93)      Dee. 
I>a    I)i>.-^in(egi-ation   Ele''(rique   des   M6taux   et   son    Kraploi   Possible  pour   les   Essals.* 

("arl    Henedieks.       (Paper   read   before  the    Inter.   Assoc,    for   Testing   Materials.) 

( v.?  I       Dee. 
].,es     linpuri'tos    Solides     Xoii-.Mvtalliques    do    I'Acirr    Soninis.*       Henry     i).     Hibbard. 

(Paper    read    before    (he    lii(er.    Assoo.    for   Tesdiig    Material-s.)       (93)       Dee. 
I'ltudes      .Micrographiques,      Aleinoire      sur      Quelques      (Jbscrvations      Mierographiques 

Ayaut  Amene  des   Kesultat:-.  Pratiques,  dans  la  Roeeption,   TExamen  ou  le  Mode 

de    Travail    de    Dift'erents    Metaux.*       (Paper    read   before   the    Inter.    Assoc,    for 

Testing    Materials.)       (93)      Dec. 
I'eber  den  Einfluss  des  Arsens  auf  die  Eigens<haf(en   des  Fliisseisens.*      J.  Liedgens. 

(50)       Dec.    19. 

Military. 

1  lie  .Military  Supremacy  of  tlie  Air:  The  Aeronautic  Plans  of  Great  Military 
I'owers.      Theodore   M.   R.   von   Keler.      (46)      Serial   beginning   Dec.   28. 

Mining. 

The  .New  Rand  Goldfield.*  A.  R.  Sawyer.  (Paper  read  before  the  North  Staf- 
fordshire   Inst,    of    Min.    and    Mech.     Engrs.)        (106)      Vol.    44,     Pt.    1. 

The  illuaiination  at  tlie  Coal-Pace  with  Special  Reference  to  the  Incidence  of 
Miners'  Nvstasmius.  T.  Lister  Llewellyn.  (Paper  read  before  the  South 
Staffordshire  and   Warwickshire   Inst,    of   Min.   Engrs.)       (106)      Vol.   44,    Pt.   1. 

Maltby  Main  Colliery.  Alfred  Thompson.  (Paper  read  before  the  Midland  Inst, 
of  Min.,  Civ.  and  Mech.  Engrs.  and  the  Midland  Counties  Institution  of  Engrs.) 
(106)       Vol.    44,    Pt.    1. 

Some  Experiences  with  Winding-Ropes  and  Capels.  W.  D.  Lloyd.  (Paper  read 
before  the   Midland   Inst,  of   Min..   Civ.   and   Mech.   Engrs.)    (106)     Vol.   44,   Pt.    1. 

Facts  and  Theories  R(>lating  to  Fans.  David  M.  Mowat.  (Paper  read  before  the 
Midland    Inst,    of    Min.,    Civ.    and    Mech.    Engrs.)       (106)      Vol.    44,    Pt.    1. 

The  Ignition  of  Coal-Gas  and  Methane  by  Momentary  Electric  Arcs.*  W.  M. 
Thornton.  (Paper  read  before  the  North  of  England  Inst,  of  Min.  and  Mech. 
Engrs.)       (106)      Vol.    44,    Pt.    1. 

Electrically-Driven  Winding-Engines  in  South  Africa.*  A.  W.  Brown.  (106) 
Vol.   44,   Pt.  1. 

The  Use  of  Old  Wire  Ropes  in  Timbering  Roadways,  John  McLuckie.  (Paper 
read   before  the   Min.    Inst,   of  Scotland.)       (106)      Vol.   44,   Pt.   1. 

The  Effects  of  Deficiency  of  Oxygen  on  the  Light  of  a  Safety-Lamp.  .T.  S.  Haldane 
and  T.  Lister  Llewellvn.  (Paper  read  before  the  South  Staffordshire  and 
Warwickshire    Inst,    of    Min.    Engrs.)       (106)      Vol.    44,    Pt.    1. 

The  Energy  of  Explosives.*     Walter  O.  Snelling.      (58)      Oct. 

The  Chuichos  Coal  Mine,   Peru.      Lester  W.   Strauss.      (6)      Nov. 

Notes  on   Diamond  Drilling.      Albert   E.   Hall.      (6)      Nov. 

The  Electrification  of  a  Group  of  Small  Collieries.  Campbell  King.  (Paper  read 
before  the  Assoc,  of   Min.   Elec.    Engrs.)       (22)      Nov.    29. 

The   Mount  I-yell   Disaster.*      Hartwell   Conder.    (68)      Nov.   .30. 

The  Production  of  Available  Potash  from  the  Natural  Silicites.  .^llerton  S.  Cush- 
man  and  George  W.  Coggeshall.      (3)      Dec. 

Application  of  Concrete  to  I'lidergrounrt  Works.*  H.  T.  Mercer.  (Paper  read  be- 
fore the  Lake  Superior  Min,    Inst.)      (96)      Dec.   5. 

Large  Svnchronous  Motors  for  Couipressor  Service  (Mining  Operations).*  Girard 
H.    Rosenblatt.      (103)       Dec.    7. 

Marquette    Range   Shows    Continued    Progress.*       (82)      Dec.    7. 

Electricity   in   Metal   Mining  in   Colorado.*      W.  .1.  Canada.      (27)      Dec.   7. 

The  Santa   Maria   Graphite  Mines.   Mexico.*      W.   D.   Hornaday.      (82)      Dec.    7. 

Insect  Damage  to  Mine  Props  and   Its  Prevention.     T.  E.   Snyder.      (82)      Dec.   7. 

Methods  and  Cost  of  Drilling  in  the  California  Oilfields.*  A.  T.  Parsons.  (86) 
Dec.    11. 

100-Horse-Power  Electrically  Driven   Hauling  Gear.*      (12)      Dec.   1.3. 

Recording   the   Ventilation    in    Mines.*       (22)      Dec.    13. 

The  Wellesley  Colliery  of  the  Wemyss  Coal  Co.,  Ltd.*  Jas.  D.  Welch.  (Paper 
read    before    the    Scottish    Federated    Inst,    of    Min.    Students.)      (22)     Dec.    IX. 

Square-Set  Timbering:  Importance  and  Evolution.  Claude  T.  Rice.  (82)  Serial 
beginning  Dec.   14. 

Application   of   Electric   Power   for   Coal   Minir.g.*      S.    R.    Stone.      (82)      Dec.   14. 

The  Treasury   Tunnel    Raise.      H.   T.    Russel.       (16)       Dec.    14. 

Mine   Slope   Economizing   Hand   Labor.*      .John    .1.    Smith.      (16)      Dee.   21. 

No.  .5  Tunnel,  Mammoth  Mine,  California,*      Robert  E.  Hanley.      (16)      Dee.   21. 

Mining  Methods  in  the  Waihi  Mine.*  .Jas.  L.  Gilmour  and  W.  H.  Johnston.  (From 
Prorrr(Un(is.   Australasian    Inst,    of    Min.    Engrs.)       (103)       Dec.    21. 

The  Federal  Government  and  Mineral  Lands.     W.  C.   Mendenhall.      (82)      Dec.  21. 

Obtaining    Efficiency    in    Mining.      Andre   Formis.       (16)    Dec.    28. 


•Illustrated. 
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Miscellaneous. 

'!  lie  Maiuii'aitiire  of  Sugar  from  Wood,  and  its  Economic  Importance.  A.  Zlmmcr- 
manii.      (29)      Dec.   G. 

Tlie  Quart/  Mercury  Vapour  Lamp.*      (22)      Dec.  6. 

Two  ConHicting  Theories  of  Valuation  of  Public  Service  Companies.  Halbcrt  1". 
Gillette.      (86)      Dec.    U. 

A    (ierman   Code  of  Fees.      (13)      Dec.   12. 

.Natural  and  Synthetic  Rubber.     F.  Mollwo  Perkin.      (29)      Dec.  13. 

The   Parcels  Post  Zone  System.*      Kmma  M.   V.  Triepel.      (46)      Dec.   14. 

Die  Dampkraft  und  andere  Energiequellen  im  zukiinftigen  Transportwesen.*  Leo- 
pold Kliment.      (53)      Serial  beginning  Dec.  6. 

Municipal. 

Toniporature  Strains  in  Brick  Pavements.*     James  E.  Howard.      (60)      Dec. 
Methods    and    Cost    of    Uoadway    Reconstruction    in    the    Lincoln    Park    System,    Chi- 
cago, during  1911.*      M.  M.   Lawrence.      (86)      Dec.  4. 
Method  and   Cost   of  Levelling   Dredged-Over  Ground   with   Electrically   Driven   Drag 

Scraper.*     James  C.   Bennett.      (86)      Dec.  4. 
Itrantford  Concrete  Pavements.*     T.  Harry  Jones,  M.  Can.  See.  C.  E.      (96)      Dec.  5. 
Tests  of  Road   Stones   in   the  United   States.      (From    Bulletin,  U.   S.    Office  of  Public 

Roads.)       (104)      Dec.    G. 
Sand-Clay   Roads  in  North  Carolina.      (14)      Dec.  7. 

The  Splinter  Treatment  and  Waste  Sulphite  Liquor  Oil  Sand  Treatment  as  Prac- 
ticed   in    Connecticut.      Maurice   O.    Bldridge,    Assoc.    M.    Am.    Soc.    C.    E.      (86) 

Dec.    11. 
Plant    Equipment    for    Road    Construction.      F.    E.    Ellis.       (Paper    read    before    the 

Am.    Good   Roads   Congress.)       (86)       Dec.    11. 
Maintenance    and    Repair    of    New    York    State    Highways    in    1911.       (From    Annual 

Report.  N.   Y.  State  Comm.  of  Highways.)      (96)      Dec.  12. 
Road    Building   at    a   Mile-per-Day    Rate.      G.   Howland   Leavitt.      (Abstract  of   paper 

read  before  the  Am.  Road  Builders'  Assoc.)       (14)      Dec.   14. 
Town    Planning    from   an    Engineering   Aspect.      Ernest    R.    Matthews.       (Abstract    of 

paper  read  before   the  Soc.  of  Engrs.)       (14)      Dec.   14. 
Some   Features    of    Macadam    Construction.      T.    R.    Agg.       (Abstract    of    paper    read 

before  the   Am.   Road   Builders'   Assoc.)      (14)        Dec.   14. 
Wood   Block   Pavement   Laid   by   City   Labor.      Ellis    R.   Dutton.       (Abstract   of   paper 

read  before  the  Am.  Road  Builders'  Assoc.)      (14)   Dec.   14;   (60)    Dec. 
Bituminous    Pavements    for    City    Streets.      George    W.    Tillson.      (.Abstract    of    paper 

read  before  the  Am.  Road  Builders*  Assoc.)    (14)     Dec.   14. 
Methods    and    Costs    of    Street    Cleaning    at    Washington,    D.    C,    during    1911-12. 

(86)       Dec.    18. 
The  Resurfacing  of  102   Miles  of  Highway   in  Five  Months.      (86)      Dec.   18. 
Experience    with     Bituminous     Roads    and     Road    Treatment.       William     B.     Sohier. 

(Abstract  of  paper  read  before  the  Am.  Road  Builders'  Assoc.)       (14)      Dec.  21. 
Proposed   Traffic   Regulation  on   Fifth   Avenue,    New   York.      (14)      Dec.    21. 
Methods  and  Labor  Costs  of  Concrete   Pavement   Construction   at   Davenport,    la.,   by 

Hand  Mixing  and  by   Machine  Mixing.*      W.   S.   Anderson.      (86)      Dec.   25. 
Town  Planning  and  Civic  Improvement.      C.   H.   Mitchell.      (96)      Dec.   26. 
A    Successful    Budget-Method    Protest,    Illustrated    by    Extracts    from    the    Report    of 

the    Bureau    of    Street    Cleaning,    Richmond    Borough,    New    York    City.       (13) 

Dec.   26. 
Concrete  Construction   of   the   Watertown    Plank   Road,   Wisconsin.*    H.   J.    Kuelling. 

(13)      Dec.  26. 
Concrete  Pavements  Tamped  with  Mechanical  Vibrator.    (14)      Dec.  28. 
Nouveau     Systeme     Economique    de     Rechargement     des     Chaussees   Empierrfes.      .\. 

Salie.      (35)      Sept. 
Strassenteerungen.*      Ilentrich.      (39)      Nov.   20. 

Die  Abwiisser   der   Fabriken    als    Strassenstaubbekampfungsmittel.      (39)      Nov.    20. 
Das    Automobil    auf    der     Landstra.s.se     und    die     Staubplage.        Metzmacher.       (39) 

Nov.    20. 
Die  Radrennbahn  Ziirich-Oerlikon.*      M.  Scheifele.      (107)      Serial  beginning  Dec.    ■. 

Railroads. 

Headlights  Tests.     C.M.Larson.      (61)      Oct.   15  ...       t,      »,  r       «     ..i 

Mechanical    Transferage    at    Railway    Shops    and    Terminals.*       H.    McL.    Harding. 

Electrification  of  the  Melbourne  Railways.      Charles  Merz.      (Report  presented  to  the 

Government.)      (12)      Nov.   29.  „  „  ^  .^        .     ^    x,    t,      .r    o     .  .      , .  •  > 

Mallet  Articulated  Compound  Locomotive  (2-8-8-0  Type).  G.  N.  R..  U.  S.  A.*      (11) 

Nov.    29. 
Sugden's  Superheater.*      (11)      Nov.  29.  ,   .    ,    ,  r>,  .,-,...-     „. 

Electrification   of   Main    Lines.      G.    Brecht.       (Translated    from    Elektnsche    hraftlx- 

triehc.)      (73)      Serial  beginning  Nov.   29.  „,„.-„.  ^     k. 

Railroad    Valuation:     Reproduction    Cost    New    as    a    Sole    Ba.sis    for    Rates       DP. 

Jurgensen.      (Paper  read  before  the  Civ.   Engrs'.   Soc.  of  St.   Paul.)      (1)      Dec. 


•Illustrated. 


JiiMuai-y.  H)l:;.  I        CI  i;i;i:\  1-    1  Ad  1  \  i;|.;i;  |  \(i    l.ll'IOUATUJM':  45 

Railroads     (Continued ) . 

Coiuret.'  I'niclic.'.   Xo.   5,   C.  C.   &  St.   L.   Ry.  Co.*     A.   M.   Wolf.      (87)      Dec 

Si;iiirt;ir(l  .SiKiial    I'lattice  on  the  L.  &  N.*      B.   W.   Meisel.      (87)      Doc. 

L'-ti-O  F^xpre.ss  Goods  Engine.s,  Great  Northern   Railway.*      (21)      Dec. 

Hogie   Carriages    for    the    Chilian    Longitudinal    Railway — Northern    Section.*       (21) 

Dee. 
New   lx)coniotives.   Northern   of   France   Railway.*      (21)      Pec. 
Bulgarian    Railway   Locomotives.*      (21)      Dec. 

Watervliet   Terminal.    Delaware   *:•   Hudson    Co.*      .1.   C.    Chappie.      (87)      Dec. 
.Vorthuniberland  Yard.   Northern  Central    Ky.*      (87)      Dec. 
Temperature    Tests    on    Superheater    Locomotives.*       (25)       Dec. 
Largest    Narrow  Gage  Locomotives.*       (25)      Dec. 
The   Progress   in   Testing   Full-Size   Pieces   Under   Practical    Conditions,   Together   with 

Locomotive  Testing  in  the  United  States.     Gaetano  Lanza.      (3)      Dec. 
A    High-Speed    German    Compound    Locomotive    with    Schmidt    Superheater.*      Frank 

C.   Perkins.      (94)      Dec. 
Notes  on   the  Working  of  Coupling  Rods.*      G.   L'Hoest.      (88)      Dec. 
Electrically-Operated    Suspension    Lines    in    Goods   Sheds.*      Fenten.      (From   Zeilunfj 

des  Vereins  deutscher  Bisenbahnverwaltungen.)       (88)      Dec. 
The    Locomotive    Superheater    and    Some    of    Its    Effects    on    the    Cost    of    Railway 

Operation.*      Gilbert   E.    Ryder.      (65)      Dec. 
The    Construction    of    a     West    African     Railway.*       G.     M.    Harris.       (Paper    read 

before  the  Inst,  of  Civil  Engrs.  of  Ireland.)      (96)      Dec.  .5. 
State   Railroads   of   the   Dutch    East   Indies.      D.    C.    Alexander,    Jr.       (Abstract    from 

Daili/  Consiilai-  and  Trade  Reports.)      (20)      Dec.   5. 
Rail   Anchors  or  Anti-Creepers.*      (13)      Dec.   5. 
Lana-Vigiljoch  Aerial   Cable-Way.*      (12)      Dec.   6. 
Derailment   at   Glen   Loch,    Pa.*      (15)      Dec.    6. 

The    Hopatcong-Slateford    Cut-Off.*       C.    W.    Simpson.       (IS)       Dec.    6. 
A    Gateway    to    the   Heart    of    New    York :    The   New   Grand    Central    Station    and    Its 

Relation  to  New  York  Traffic*      (19)    Dec.  7:    (46)   Dec.  7;    (27)   Dec.  2L 
The  Optics  of  a  Railway  Signal  Lamp.*     T.  A.  Lawes.      (19)      Dec.  7. 
Methods  of   Promoting  Efficiency  in   Maintenance  on   the  Pittsburgh  and  Lake   Erie.* 

(  14)      Dec.  7. 
Driving   and   Lining  the   New   Sand   Patch   Tunnel.*       (14)      Dec.    7. 
Pacific    and    Mikado    Type    Locomotives    for    the    New    Orleans,    Mobile    and    Chicago 

R.    R.*       (18)       Dec.    7. 
Mountain   Cableway   for   Passengers  in   Austria.*      Francis   P.   Mann.      (14)      Dec.    7. 
The   Windsor.    Essex   and   Lake   Shore    Rapid   Railway.*       (96)      Dec.    12. 
Rail   Corrugations.*      H.    T.    Wakelam.       (Paper   read   before   the   Institution    of   M\in. 

and   County    Engrs.)       (104)       Dec.    1.3. 
Cause   of  the   Glen    Loch    Derailment.      (15)       Dec.    13. 

Efficient  Organization   for  Handling  Salvage.*      H.  C.   Pearce.      (IS)      Dec.   13. 
Repair  Shop  of  the  New  York,  Westchester  &  Boston  Railway.*      (17)      Dec.   14. 
Railroad    Rates    and    Rate    Making.      O.    P.    Gothlin.       (Abstract    from    Report   of    the 

Public    Service    Comm.    of    Ohio.)       (18)       Dee.    14. 
Headlight   Tests,    Railroad    Commission    of   Wisconsin.       (18)      Dec.    14. 
Electrification   of  the  London  and   North-Western   Suburban  Lines.*      (12)      Dec.   20. 
Tunnel    Memorials.*       (12)       Dec.    20. 
Locomotive  Feed   Water  Heating.*      (12)      Dec.   20. 
The   Country's   Need   of   Greater    Railroad   Facilities.      James   J.    Hill.       (Abstract   of 

paper   read   before   the   Ry.    Business   Assoc.)       (IS)    Dec.   20:    (18)    Dec.   21. 
Chrome-Vanndium    Driving   Wheel   Tires.*       (15)      Dec.    20.  „    ,,   ..       ^„o     tt     c. 

Prolonging   the    Life   of   Crossties.*      Howard   F.    Weiss.       (From    hiilletDt    118,    L.    b. 

Forest    Service.)       (15)      Dec.    20. 
Keeping   Stone   Ballast   Clean.      C.   E.   Lindsay.      (15)      Dec.    20. 

Solution  of  the  Steel   Rail  Problem.*      (46)      Dec.   21.  ^,,.,...        ^  •     ■       , 

The    Westport    Disaster:      Report   of   the    Connecticut    Public    Utilities    Commission.* 

(19)    Dec.  21:   (15)    Dec.   13:   (18)    Dec.   14. 
Electric   Express  Service  at   Boston.*      (17)      Dec    21  ^    „     ,,       r    f.     ^•        v  ..„i» 

Grade   Revision   and   Double-Tracking  on   the  A.   T.   &  S.   F.   Ry.*      .1.    G.    \  an   Zandt. 

The  Glen  Loch   Wreck,   More  Facts.*      Charles  A.   Wentworth.    (  13)      Dec.   26. 

An   Automatic   Stop   Experiment   on   the   Lackawanna.      (  15)      Dec.   '^^■         

Engineering    and    Operating    Features    of    the    Tri-City     Railway.     Davenport,     la.* 

(  1 7  )       Dec     '^8 
Oil-Burning  Locomotives  for  the^Baltimore  &   ()hio  R    R.*      (18)      Dec.  28^ 


Note'^s!'ur"\es   Nouvelles'  Voitures  de  la   Cie.   de  Bone-Guelma   et    Prolongemcnt. 

seari    a    Voie   de    I™-).*      Felix.       (38)      Oct.  ,   .         ,,,.•,„     j 

Les  Chemins  de  Fer  du  Massif  du  Mont-Blanc,  le  Funicula.re  aer.en  de  1  Aiguille  du 

Midi.*      P.   Dalimier.    (33)      Nov.   23.  ,  ^ 


►Illustrated. 
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Railroads     (Continued). 

Lo  Metropolitain  Souterrain  a  Marchandisos  de  Chicago.*  (33)  Nov.  .30. 
Xouveau  D6pot  do  Locomotives  de  Mohon.*  Henry  et  Valat.  (38)  Dec 
Locomotive-Tender   ;"V   Six    IS.s.sieux   Couples  et   a   Surchauffe,   des   Cliemins   dc   For   de 

.lava.*      (33)      Dec.   14. 
Itcarbeitiing    der    Heizrohre    der     Loltomotiven    in    der     Werkstatte    Pll.sen  ♦       Karl 

Kranulr.      (J02)      Nov.   15. 
-■Vclisbiiclise   von    Cosmovici.*       (102)     Nov.    15. 
Aljlaufanlagen   auf   Verschiebebaluihofen    fur   reineii    Schwerltraftsbetrieb.*      Sammct. 

(102)      Serial   beginning   Nov.    15. 
Die    erste    niit    Zwisciienstiitzen    verseliene    Personen-Bergseilscliwebebalin    deutschor 

Bauart.*      M.   Bulile.      (40)      Nov.   2.3. 
Der  elelctri.«clie  Betrieb  auf  der  alten  Giovi-Linie  Z'vischen   Genua  und  Mailand  bzw. 

Genua    und    Turin.*      Giorgio    Calzolari.       (41)      Serial    beginning    Nov.    28. 
nberbau  init  gussei.scrnen  Stiihlen.*      E.   C.   W.  van   Dyk.      (102)      Dec.    ^. 
Tenderlokomotive    fiir    die    Staatsbahnen    auf    .lava  :    Hannover'sche    Ma.schinenbau- 

Aktien-Ge.sellschaft.*      Hinnenthal.       (102)      Dec.   1. 
ICIcktrisches  Huppensignal.*      Becker.      (102)      Dec.  1. 
Die    Einfuhrung    der    linksufrigen    ZUrichseebahn    in    den    Hauptbahnliof    Ziirich    der 

S.   B.   B.*      Otto  Pfleghard.      (107)    Dec.    14. 

Railroads,  Street. 

Central  London   Railway  Exten.sion  to  Liverpool  Street.*      (12)      Nov.   29. 
Composite    Rail    Laying   on    Chicago    Street    Railways;    the   Economics    of   Composite 

Rails.*      (86)      Dec.   4. 
Street  Railway  Track  Work  at  Toledo.*      A.   Swartz.      (13)      Dec.  5. 
Rapid-Transit    and    Highway   Tunnels    for   San    Francisco.*       (13)       Dec.    5. 
Relief    of    Traffic    Congestion    in    San    Francisco.       Bion    J.    Arnold.       (Abstract    of 

Report  to  the  City  Board  of  Supervisors  of  San   Francisco.)       (14)      Dec.   7. 
Brooklyn    Car   Equipment    Lubrication.*       (17)       Dec.    7. 
lUcent  Funeral   Cars.*       (17)      Dec.    7. 

Unit  System  of  Subway  Construction.*      A.  R.   Eitzen.      (15)      Dec.  13. 
Recent   Developments   in    Street   Car   Design.*       (18)      Dec.    14. 

Excavation  and  Timbering  on  Section  2,  Lexington  Avenue  Subway.*     (14)     Dec.  14. 
.N'ear-Side   Cars   for   Lincoln.*       (17)      Dec.    14. 
New  Type  of  Joint  in  Baltimore.*      (17)      Dec.   21. 

Der  Metropolitain  Souterrain  a   Marchandises  de  Chicago.*      (33)      Nov.  30. 
Dor    elektrische    Betrieb    auf   den    Berliner    Stadt-,    Ring-    und   Vorortbahnen.       (41) 

Serial    beginning    Dec.    5. 
Strassenbahngleise    aus    Eisenbeton.*      Max    Buchwald.       (78)       Dec.    14. 

Sanitation. 

The  Principles  of  Municipal  Refuse  Collection.*     Samuel  A.  Greeley.      (4)      Nov. 
The   Sewage   Disposal   System  of  Rochester,   N.   Y.*      John   F.   Skinner,   M.    Am.    Soc. 

C.   E.      (36)      Dec. 
)  aying   a   Submerged   Outlet   Pipe.*      N.   Adelbert    Brown.      (36)      Dec. 
The  Collection   and   Disposal   of   Municipal   Refuse.      Jerome   Cochran,   Jun.   Am.   Soc. 

C.   E.      (36)      Serial  beginning  Dec. 
Sewer  System   and   Sewage  Disposal   Plant  at  Belton,   Texas.*      Thomas  L.   Fountain. 

(36)      Dec. 
To  What  Degree  Must  Sewage  Be  Purified?     Chester  G.  Wigley.      (36)      Doc. 
The  L^se  of  Concrete  in   Sewers.*       (60)      Dec. 
Sewerage    of    the    City    of    Portland.*       T.    M.    Hurlburt.       (Paper    read    before    the 

Oregon    Soc.    of    Engrs.)       (1)       Dec. 
rtilisation    of    Humus    from    Slate    Beds.      W.    J.    Dibdin.       (Paper    read    before    the 

Soc.   of  Chemical   Indu.stry.)       (104)      Dec.   6. 
Steam   Heating  in    a   Montana   Garage.*      (101)      Dec.   6. 
Temperature  Equivalents  of  Wind   Velocities.      H.   W.   Whitten.      (Paper   road   before 

Am.  Soc.  of  Heating  and  Ventilating  Engrs.)      (101)      Dec.  6. 
Glasgow    Main    Drainage   Scheme  :      One   of   the    Largest    Installations   of    Its    Kind    in 

the   World*      Frank    L    Cohen.       (19)      Dec.    7. 
Sewerage  System   and   Disposal   Plant  at  Phoenix.   Arizona.*      (14)      Dec.   7. 
Disintegration  of  Concrete  in  Sewage  Disposal   Plants.      (14)    Dec.  7. 
The    Effect    of    Safe    Water    Supplies    on    the    Typhoid    Fever    Rate.       Allan    J.    Mc- 
Laughlin.     (Abstract   of   paper   read   before  the  Assoc,   of  Life   Insurance   Presi- 
dents  in  New  York  City.)       (96)      Dec.    12. 
.\   Factory  Refuse  Removal   System  :      Proportions  and  Design  of  Blower  Piping  and 

Other     Shavings      Removal      Equipment     of     a     Woodworking     Plant.*      (101) 

Dec.    13. 
The  Effect  of  Intercepting  Traps  in   House  Drainage.      Edward  Willis.      (Paper  read 

before   the   Lower   Thames   Valley    District    Surveyors'    Assoc.)       (104)       Dec.    13. 
Lethbridge  Sewage  Disposal  Works.*      T.   Aird  Murray.      (14)      Dec.   14. 
The    Sanitary    Control    of    the    Ruhr    River.    Germany.*       Richard    H.    Gould.       (13) 

Dec.   19. 
A   Turbine  Sewer-Cleaning  Machine.*      (13)      Dec.   19. 


*  Illustrated. 
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Sanitation— ( Continued) . 

Forced   Circulation    in   Hot-Water   Heating.      Charles   L.   Hubbard.      (101)      Dec.    20. 
Tiink.s.      Arthur  ./.    Martin,   M.   Inst.   C.    E.      (Paper   read   before   the   Assoc,    of   Man- 
agers of  Sewage  Disposal   Works.)       (104)      Dec.   20. 
New  Sewage   Pumping  Station   in   Detroit.*      (14)      Dec.    21. 
Heating   and    Ventilation    of     Mount   Vernon    High     School.*       Ira    N.    Evans.       (64) 

Dec.    24. 
Methods  Employed  in  Laying  the  Submerged  Sewer  Outlet  Pipe  in  Lake  Ontario,   at 

Rochester,   N.  Y.*      (86)      Dec.  25. 
Method    of    Laying    a    24-in.    Pipe    Sewer    in    30-ft.    Cut    in    Quicksand    in    Freezing 

Weather  at  North  Toronto,  Ontario.     George  Phelps.      (86)      Dec.  25. 
Inihoff   Tanks    and   Sprinkling    Filters   for   Sewage    Treatment   at   the   Fulton    County 

Almshouse,   Georgia.*      P.    H.    Norcross.      (13)      Dec.   26. 
Heating  House  with   Wood   Furnace.*      (101)      Dec.   27. 

Report  of   Royal   Commission   on    Sewage   Disposal.      (14)      Dec.    28;    (12)      Dec.    6. 
Sewage  Pumping  Machinery  and  Appliances.*      J.   Ralph  Gibson.      (62)      Dec.   30. 
Druckrohrleltungen    der    Stadt    Paris.*  Kutschke.      (51)       Serial    beginning    Sup. 

No.    22. 
Gesundheitliche  Schiidigungen  durch  Zentralheizung.    H.  Chr.  Nussbaum.    (7)    Nov.  IC. 
Die   Abwasser    der    Fabriken    als    Strassenstaubbekampfungsmittel.       (39)      Nov.    20. 
Ueber  die  Warmeableitung  von  Fussboden.*      F.   Eichbauer.      (7)      Nov.   30. 
Elektrotechnik   and  Moorkultur    (Das   Kraftwerk   im   Wiesmoor   in   Ostfriesland) .      J. 

Teichmiiller.      (41)      Serial   beginning   Dec.    5. 
Zur   Vereinheitlichung   der    Regelungsvorrichtungen    fiir  Heizkorper.*      (7)      Dec.    7. 

Structural. 

Tenth  Report  to  the  Alloys  Research  Committee  :  on  the  Alloys  of  Aluminum  and 
Zinc*      Walter   Rosenhain   and    S.    L.    Archbutt.      (75)      Apr. 

The  Circular  Diagram  of  Stress  and  Its  Application  to  the  Theory  of  Internal 
Friction.*     O.   H.   Basquin.      (4)      Nov. 

The  Reinforced  Concrete  Column.*  Carl  Gayler.  (Paper  read  before  the  En- 
gineers'   Club   of   St.    Louis.)       (1)      Dec. 

Uses   Paving  Bricks  for   Building   Silos.*      John   Grayar.      (76)      Dec.   1. 

The  Hardwood  Timbers  of  New  South  Wales,  Australia.*  W.  H.  Warren,  M.  Am. 
Soc.    C.   E.      (29)      Dec.   6. 

Deep   Steel    Pile   Foundations.*       (14)      Dec.    7. 

Investigation  of  a  Compound  for  Producing  Dustless  Concrete  Floors.  Albert  C. 
Arend.      (13)      Dec.   12. 

A    Concrete  Mixer   of   a   New   Type.*      (13)      Dec.    12. 

Notes   on   the   Operation   of  the   Cement   Gun.*      Otto    J.    Swensson.       (13)      Dec.    12. 

The  Distribution  of  Stress  at  the  Minimum  Section  of  a  Cement  Briquette.*  E.  G. 
Coker.  (Paper  read  before  the  Inter.  Assoc,  for  Testing  Materials.)  (13) 
Dec.    13. 

Tests  of  Waterproofing  for  Concrete.  Cloyd  M.  Chapman.  (Paper  read  before  the 
National   As.soc.   of   Cement   Users.)       (62)      Dec.    16;      (14)      Dec.    21. 

Discussion  on  Metal  Lath  Construction.  H.  B.  McMaster.  (Abstract  of  paper 
read  before  the  National  Assoc,   of  Cement  Users.)       (62)      Dec.   16. 

Notes  on  the  Enlargement  of  a  Gasholder.  W.  H.  Vanner.  (Paper  read  before 
the  London   and   Southern  District  Junior  Gas  Assoc.)       (66)      Dec.   17. 

.Mlowed  Strains  in  Gasholder  Designs.  V.  L.  Elbert.  (Paper  read  before  the  Am. 
Gas   Inst.)       (66)      Dec.  17. 

Electrolysis  of  Concrete.*  E.  B.  Rosa,  Burton  McCollum  and  O.  S.  Peters.  (Ab- 
stract of  paper  read  before  the  National  Assoc,  of  Cement  Users.)  (13) 
Dec.    19;    (14)    Dec.    21. 

A   Magnetic-Load  Machine  for  Alternating  Stress  Tension  Tests,   and  Some  Results.* 

(13)  Dec.   19. 

Underpinning  the  Cross   Building.    Fifth   Avenue.    New   York.*       (13)      Dec.    19. 
Theory    of   Taper   Columns.*      W.    M.    Wallace,    A.    M.    Inst.    C.    E.       (From    Journal 

of  the  Assoc,   of  Teachers  in  Technical   Institutions.)      (13)      Dec.  20. 
Fireproof  Roof  Failure,   Chicago.*       (14)      Dec.   21;    (13)    Dec.   19. 
Construction    of    Concrete    Grain    Elevators.       R.    P.    Durham.       (Abstract    of    paper 

read  before  the  National   Assoc,   of  Cement  Users.)       (14)      Dec.   21. 
Failure    of    a    Reinforced-Concretc    Theater    in    Course    of    Construction,    Cincinnati, 

Ohio.*      Clifford    M.    Stegner.       (13)       Dec.    26. 
Failure  of  Stairway  to  Elevated  Railway  Station,  Brooklyn,  N.  Y.*      (13)      Dec.  26. 
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Cement    Sieve    Specifications,    Work    of    the    Bureau    of    Standards.*      R.    Y.    Ferner. 

(14)  Dec.   28. 

Large    Concrete    Foundation    Slab.       (14)       Dec.    28. 

Collapse  of  Moving  Picture  Theater  in  Cincinnati.      C.  E.   Rasinsky.      (14)      Dec.  28. 

Coefficient  of  Sliding  Friction  of  Concrete  on  Concrete.*  Frank  P.  McKibben.  (14) 
Dec.   28. 

Stress  Measurements  in  a  Cantilever,  Hat-Slab  Reinforced  Concrete  Floor.  Determin- 
ing Points  of  Inflection  by  Direct  Stress  Readings.*  Arthur  R.  Lord.  (Ab- 
stract of  paper  read  before  the  National  .Assoc,  of  Cement  Users.)  (14) 
Dec.   28. 
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Structural  — (Continued  I. 

Constructions    Diverses    en     B6ton     de    Ciment     Arm6,     Syst^me    Monnoyer.*        (35) 

Sept. 
Rapport  sur   les   Essais  de  Choc  et   les  Travaux  de  la  Commission   26.*      G.   Charpy. 

(Report  to   Inter.   Assoc,   for  Testing  Materials.)       (93)      Dec. 
L'Essai   de    Duretd   et   la   Resistance   a   lUsure   M6canique.      E.    H.    Saniter.      (Paper 

read  before  the   Inter.  Assoc,   for  Testing  Materials.)       (93)      Dec. 
Structure   de   la   Fonte   et   Effets   de   la    Vapeur   Surchauffge.*      William   Campbell    et 

John    Glassford.      (Paper   read   before   the   Inter.    Assoc,    for   Testing   Materials.) 

(93)      Dec. 
Action  des  Electrolytes  sur  les  Motaux  Soumis  k  des  Efforts.*      H.   Baucke.      (Paper 

read   before  the  Inter.   Assoc,   for  Testing   Materials.)       (93)      Dec. 
Sur    la    Facon    dent    se    Comporte    le    Cuivre    aux    Essais    au    Choc    sur    Barreaux 

Entailles.      H.    Baucke.       (Paper    read    before    the    Inter.    Assoc,    for    Testing 

Materials.)       (93)      Dec. 
Enregistrement  Automatique  de  la   Relation  entre  les  Efforts   et  la  Deformation   des 

Materiaux    lors    du    Choc*      Andre    Gagarine.       (Paper    read    before    the    Inter. 

Assoc,    for   Testing    Materials.)       (93)       Dec. 
Etude    sur    la    Theorie    d'un    Appareil    de    Choc    par    Traction    et    I'Erreur    qu'    on 

Admet  en   Appliquant  cet  Appareil.*      Nicolas   Davidenkof.      (Paper   read   before 

the   Inter.   Assoc,   for  Testing  Materials.)       (93)      Dec. 
Resilience,     M^moire     sur     un     Appareil     pour     Essais     au     Choc     des     Eprouvettes 

Entaillees    avec    Dispositif   pour    Mesurer    la   Force    Vive   Residuelle    du    Mouton 

apres    Rupture    de    I'Eprouvette.    et    sur    les    Variations    de    la    Resilience    des 

Metaux,  mise  en  Evidence  au  Moyen  de  cet  Appareil.*      (Paper  read  before  the 

Inter.   Assoc,   for  Testing   Materials.)       (93)      Dec. 
Anlage   von    Scheunen    in   verschiedener  Bauvi'eise.*      L.    Kropf.      (51)      Sup.   No.    23. 
Der   Zykloidenbogentriiger.*      Adolf  Francke.      (81)       Pt.    6. 
Zur  Ermittelung  von   Kleinstwerten   fUr  Gelander.*      Schack.      (81)      Pt.    6. 
Ueber  Triigheitsmoinente  von   Dreiecken   und  von   dreiseitigen   Pyramiden.      Ramisch. 

(81)       Serial   beginning    Pt.    6. 
Erganzung  zur  Berechnung  doppelt  und  einfach  bewehrter  Plattenbalken.      L.   Land- 

raann.      (78)      Dec.    14. 
Das    neue    Stadttheater    in    Duisburg.*       Viktor    Mautner.       (78)       Serial    beginning 

Dec.    14. 
Die  Eisenbetonkonstruktionen  an  der  St.  Marienkirche  in  Offenbach  am  Main.*     Jean 

Worrlein.      (78)      Dec.   14. 
Versuche  fiber  die  Spannungsverteilung   in   gelochten  Zugstaben.*      E.   Preuss.      (48) 

Nov.    2. 
Die   Dachkonstruktion   iibsr   dem    neuen   Gasbehalter   in    Berlin-Tegel.*      A.   Mecklen- 

beck.      (48)      Serial   beginning  Nov.   9. 
Ueber     die     Wirkung     des     Auftriebes     unter     Pfeilern.*       H.     Zimmermann.        (40) 

Nov.    16. 
Die   Rostgefahr  bei   Eisen-   und   Eisenbetonhochbauten.      Quedefeld.      (40)      Nov.    23. 
Unfallstatistik  des  deutchen  Ausschusses  fiir  Eisenbeton.*      (78)      Nov.  27. 
Auswertung  der   Ergebnisse  von   Versuchen   mit   Beton    und    Eisenbetonsaulen.*      Jo- 
seph  Ant.    Spitzer.       (78)      Serial    beginning   Nov.    27. 
Der   Neubau   der    Sulfit-Zellstoff-Fabrik    zu    Maltsch    a.    O.*      Wilhelm    Iwand.      (78) 

Nov.  27. 

Topographical. 

Surveys  of  Property  in   Pennsylvania.      Louis  P.  Blum.      (58)      Oct. 
The  Contour  Survey  of  Bushey,  Herts.*     A.  J.  Laing.      (104)      Dec.  6. 
Planetable  Surveying.*      (16)      Dec.   14. 

City  Surveying  in  Brooklyn.*  John  B.  Stein.  (Paper  read  before  the  Brooklyn 
Engrs.'   Club.)       (13)      Dec.   19. 

Water  Supply. 

Water  Filtration   in   Minneapolis.*      A.  W.  Elison  Fawkes.      (60)      Dec. 

Drain  Tile  Investigations  in   Iowa.*     A.  O.   Anderson.      (76)      Dec.   1. 

The  Equitable  Adjustment  of  Rates  for  all  Classes  of  Water  Service  in  Freeport, 
111.  Marston.  Turneaure  and  Alvord.  (Report  made  to  the  City  and  Water  Co.) 
(86)      Dec.    4. 

Notes  on  Developments  in  the  Purification  of  Water  from  the  Hygienic  Point  of 
View.  Allen  Hazen.  (Paper  read  before  the  Inter.  Cong,  of  Hygiene  and 
Demography.)       (86)      Dec.   4. 

The  Appraisal   of  Water  Power  Rights.      Halbert  P.   Gillette.      (86)      Dec.   4. 

The  Hvdro-Electrie  Plant  of  the  Sherbrooke  Railway  and  Power  Company  at  Sher- 
bfooke,   P.   Q.*       (96)      Dec.   5.  .        ,        ,.,     u       ,,i^      r.        k 

Foundation   Failure   of   a  High   Concrete  Dam,   Port   Angeles,   Wash.      (13)      Dec.   5. 

The  Benefits  of  Water-Power  Development  and  its  Relation  to  Navigation  Improve- 
ment.    James  E.   Hewes.      (Paper  read  before  the  Am.   Elec.  Ry.  Assoc.)       (27) 

Construction  Methods  on  the  Medina  Valley  Irrigation  Project,  Texas.*  C.  H.  Kear- 
ney.     (14)      Dec.   7. 
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Water  Supply— (.Continued). 

Flashboard    Drsigii    and   Experiences,    McCall   Ferry    Dam,    Deslgne<l   to   Increase   Ca- 

patity    of    Hydroeleitric    Plant    Eight    Per    Cent.*      (14)      Dec.    7. 
A  Unique  Utah  Water-Power.*    (27)      Dec.   7. 

Operating   Results   at   Cincinnati    Water   Purification   W^orks.    (14)      Dec.    7. 
The  Design   and  Construction   of   a    River   Intake   Pipe  Line   at   Fort  Myer,   Va..   with 

Special    Reference   to    the    Inverted   Strainer   Used.*        Leonard   S.    Doten.      (86) 

Dec.    11. 
Methods   Employed    in    Increasing    the    Height   of   an    Earth    Dam    with   Reservoir    in 

Service  at   Greenwich,   Conn.      Sheldon   E.   Minor.      (Paper  read  before  the  Con- 
necticut Soc.   of  C.   E.)      (86)      Dec.    H. 
Unit   Costs   of   Filtering   Water   in    Four   Slow   Sand   Plants   at  Philadelphia.       (From 

Annual  Report  of  the  Philadelphia  Bureau  of  Water  for  1911.)      (86)     Dec.   11  ; 

(96)      Dec.   19. 
The    Problem    of    Interstate    Swamp    Drainage:       The    St.    Francis    Basin.*       M.    O. 

Leighton,   M.   Am.   Soc.   C.    E.      (86)      Dec.    11. 
Toronto's  Water  Filtration  Project,*      (96)      Dec.  12. 
What  Hypochlorite  Accomplishes.      C.   A.   Jennings.      (Abstract  of  paper   read   before 

the    Inter.   Cong,    of   Applied   Chem.)       (\.i)      Dec.    12. 
Large  Humphrey   Pumps  for   Chingford   and    Egypt.*       (13)      Dec.    l.*^. 
Riverdale    Hydroelectric    Plant,    Automatically    Controlled    Relief    Valves    and    Water 

Saving   Devices   at  the  End   of  Long   Penstocks   Replace   the    Usual   Surge   Tank 

and  Standpipe.*      (14)      Dec.   14. 
New   Norwegian   Hydroelectric   Project.*      (27)      Dec.    14. 

Pleads  for  Drain  Tile  Standardization.      (Report  of  Committee,   Ohio  Tile  and  Clay- 
workers'  Assoc.)       (76)      Dec.   15. 
The    Development    of    a    Ground    Water    Supplv    at    La    Crosse,    Wisconsin.*       (86) 

Dec.   18. 
Water    Supply    for   London,    Large    Hump'nrey    Pumps.*       (96)      Dec.    19. 
Construction  of   Concrete-Lined   Water   Tunnel.      Lee   M.   Hyde.      (Paper   read   before 

the   League  of  California   Municipalities.)      (96)      Dec.    19. 
A  Theoretical   Formula   for  the  Flow  of  Liquids  through  Narrow  Rectangular   Chan- 
nels.      Ernst    Jonson.       (13)       Dec.    19. 
The   Reversed   Dam  ;    a   Hollow   Concrete   Dam   of   a   New    Type.*      Frank   C.    Osborn. 

(13)      Dec.   19. 
Leicester   Water   Supply   from   the   Derwent  Valley.*       (12)      Dec.   20. 
Advances  in  the  Science  of  Water  Purification.     Adolph  Kemna.      (Paper  read  before 

the   Institution   of  Water  Engrs. )       (104)       Serial   beginning   Dec.   20. 
Some  Recent  Examples  of  the  Pollution  of  Public  Water  Supplies.      John  C.  Thresh. 

(Paper  read  before  the  Institution  of  Water  Engrs.)       (104)      Dec.  20. 
New  Diesel-Driven   Pumping  In&tallation   at   Rugby   Waterworks.*      R.   A.   Pfleiderer. 

(Abstract   of   paper   read   before   the   Rugby    Eng.    Soc.)       (47)     Dec.    20. 
Egyptian   Irrigation  ami   the   Assouan    Dam.*       (13)      Dec.    20. 
Concrete    Lining    of    the    Main    Canal    on    the    Boise    Irrigation     Project.*       F.     W. 

Hanna.       (14)      Dec.    21. 
Handling    Building    Materials   Across    Main    Track    at    an    Ohio    River    Dam.*       (18) 

Dec.   21. 
The  Design  and  Construction  of  a  600  000-Gal.   Reinforced  Concrete  Elevated  Water 

Tank   at  Berlin.   Ontario.*      (86)      Dec.   25. 
General   Method  of  Constructing   a    Hock   Fill   Dam   125   Ft.   High.*      (86)      Dec.   25. 
Designs    for    Irrigation     Structures.*       (86)      Serial    beginning    Dec.    25. 
Use,   Waste   and  Metering  of   Water    in   Chicago.*      (13)      Dec.    26. 
Prewitt  Reservoir  Project,   Involving  a   Diversion  Dam  with  a  New  Type  of  Movable 

Flashboard    Supports    and   a    3  J -Mile   Protected    Embankment.*       (14)      Dec.    28. 
Irrigation   Project  on  the  Price  River  in  Eastern  Utah.*      (14)      Dec.  28. 
Formula  for  Frictional  Loss  in  a  Check  Valve.*    Charles  B.  Buerger.     (14)     Dec.  28. 
Nouvelle   Contribution   a   I'Etude   des   Turbines   Americaines   et    Centripedes.*      E.   de 

Morsier.      (37)      Nov.   30. 
Druckrohrleitungen    der    Stadt    Paris.*      Kutschke.       (51)       Sup.    No.    23. 
Wasserkraftanlage  mit   Holzstoff-   und   Papierfabrik   Wolfsheck  der  Firma   E.    Holtz- 

mann    &    Cie.    in    Weisenbachfabrik     (Baden).*       Fr.    Oesterlen.       (48)      Serial 

beginning  Nov.   2. 
'^^ie  Talsperre  bei   Mauer  am   Bober.*      (40)      Nov.   16. 
Gewinnung    von    Trink-    und    Nutzwasser    in    Bayern.*      Hans    Holler.       (7)       Serial 

beginning   Nov.    23.  _.»      ^     .   ,   ,_      .      .        vr         o- 

Bedeutung  des  Grundwasserstandes.     Keller.      (51)      Serial   beginning  Nov.   2i. 
Der    Wasserturra    im    Rangierbahnhof    Nurnberg    (Inhalt    des    Behalters    480    ni^).* 

Hermann   Goebel.       (78)      Dec.   14. 

Waterways, 

The  Waterways  of   Pennsylvania.      Farley  Gannett.      (98)      Nov. 

Cargo   Docks  at   Panama   Terminals.*       (62)      Nov.    11. 

The  New  Joint  Dock  at  Hull.*      (22)      Nov.   29.  ^     .    ,  ^     .      .         v.  on 

The    Panama    Canal.*       Percv    F.     Martin.       (12)     Serial  beginning    Nov.    29. 

A   Visit  to  the  Panama   Canal.*      E.   D.   Edmonston.   (42)  Dec. 
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Waterways     (Continued). 

Concrete    Piles    and    Concrete    Piling    Equipment.*    Maxwell    M.    Upson.       (67)      Dec. 

Propose<l  Inner  Harbor  Plan  for  the  City  of  Richmond  on  San  Franci.sco  Bay.* 
(86)      Dec.   4. 

Flood  Protection  Work  on  the  Kansas  River  at  Kansas  City,  Kans.*  Edward  H 
Schultz.    (86)      Dec.   4. 

Panama  Canal  Tolls.  Emory  R.  Johnson.  (Abstract  from  Report  to  the  Govern- 
ment.)      (15)      Dec.    6. 

The  Panama  Canal.*      (11)      Dec.  6. 

Engineering  Problems  in  Ohio  and  Mississippi  River  Improvements.  John  Millis. 
(Abstract  from  paper  read  before  the  Cleveland   Eng.   Soc.)      (62)      Dec.   9. 

Connecting  Lake  Washington,  Seattle,  with  Puget  Sound.*  William  L  Kidston 
(14)      Dec.   7. 

Construction  Costs  on  the  Panama  Canal  for  the  Third  Quarter  of  1912  (86 1 
Dec.   11.  V.  .       ,       , 

Levee  Construction   in    the  Colorado   River  Delta  and   the   Rock   Fill    Dam   Method  of 

Closing  Crevasses.*      (86)      Dec.   11. 
The  Inland  Port  of  Manchester.*      (13)      Dec.  12. 
Proposed  Rhine-North  Sea  Ship  Canal.*      (12)      Dec.  13. 

Rebuilding  Ice  Piers   in  the  Kanawha  River.*      Thomas   E.   Jeffries.      (14)      Dec.   14. 
Method  of   Erecting  the  Lock  Gates   for  the  Panama  Canal.*      (86)      Dec.  18. 
Methods    and    Cost    of    Barge  Construction    of    Creosoted    Lumber   at   U.    S.    Boatyard, 

Fountain    City,   Wis.*      C.   W.    Durham    and   A.    E.    Ilageboeck.      (86)      Dec.    18. 
Causes    of    Earth    Slides    at    Culebra    Cut,    Panama,    and    Methods    of    Remedying   the 

Trouble.*       Donald     F.     McDonald.        (From     Annual     Report,     Isthmian     Canal 

Comm.)       (86)       Dec.    18. 
The   Settlement   and   Transport   of   Sand   in    Water.      J.    S.    Owens,   A.    M.    Inst.    C.    E. 

(Paper  read  before  the  British  Assoc.)  (11)  Dec.  20. 
The  Pier  Problem  at  the  Port  of  New  York.*  (46)  Dec.  21. 
Construction    Plant    for    the    Third    Lock    at    Sault    Ste.    Marie,    Michigan.*       (14) 

Dec.   21. 
Flood    Data    in    Canadian    River    Basin,    New    Mexico,    Conditions    Where    Maximum 

Flood    Stage    and    Rainfall    Are    Not    Coincident.      W.    B.    Freeman    and    Glenn 

A.  Gray.      (13)      Dec.  21. 
Cost   of    Reinforced    Concrete    Barge    Construction,    Panama    Canal.       (86)       Dec.    25. 
Flood   Protection  at  Kansas  City.*      Everett   B.   Murray.      (13)      Dec.   26. 
Reclaiming    a    Large   Tract    by    River    Protection    Work    at    Kansas    City,    Employing 

Several    Types    of   Levee    and    Dike    Construction,    including   Mattress    Revetment 

Work.*      N.    M.    Fitch.       (14)       Dec.    28. 
Rapport  s\ir  les  Voles  Navigables  de  la  Vallee  du  Rhone.     Ch.  Lavaud.      (32)      Oct. 
Zur    Frage    einer    deutschen    Rheinmiindung.*       (51)      Dec.    11. 
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A  most  critical  and  interesting  period  in  the  history  of  the  dis- 
cliarge  from  tlie  Chagres  River  Basin  has  just  been  completed,  and, 
on  account  of  the  wide-spread  interest  in  the  Panama  Canal,  it  seems 
jicrtincnt  just  now  to  put  on  record  certain  data  bearing  on  the  hy- 
drology and  other  natural  phenomena  of  this  basin.  In  comparatively 
close  sequence  have  followed  the  year  of  minimum  run-off,  the  year 
of  least  dry-season  run-off,  and  the  year  of  maximum  discharge,  and 
these  and  other  facts  relating  to  the  water  supply  of  the  lake  seem 
to  be  of  especial  interest  at  this  time.  In  a  way,  this  paper  may  be  con- 
sidered as  an  extension  of  the  records  set  forth  previously  by  A.  P. 
Davis,  M.  Am.  Soc.  C.  E.,t  in  his  reports,:}:  and  by  Gen.  H.  L.  Abbot, 
Engineer  Corps,  U.  S.  A.  (Retired),  in  his  several  monographs  on 
this  subject.  Especial  attention  is  directed  to  "Problems  of  the  Panama 
Canal,"  by  the  latter  author,  in  which  may  be  found  valuable  compila- 
tions  of  former   records,   some   of  which   are   not   available  elsewhere. 

Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion    in   full,   will   be  published    in   Transactions. 

*  Formerly  Assirtant  EuKi'ieer  in  Charge  of  Third  Division,  Office  of  Chief  Enpineer. 
Isthmian  Canal  Commission. 

t  Chief  Engineer,  U.  S.  Reclamation  Service. 

X  "  Hydrology  of  the  American  Isthmus."  and  "Hydrology  of  NicaragnH."  (I'.S.  Puh 
Doc.) 
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These  and  the  deductions  therefrom  are  the  careful  work  of  a  trained 
hydraulician,   and   represent   painstaking   investigation. 

The  data  and  records  used  in  the  preparation  of  this  paper  were 
taken  from  the  hydrographic  and  meteorological  files  of  the.  Isthmian 
Canal  Commission  by  the  kind  permission  of  Col.  George  W.  Goethals, 
Corps  of  Engineers,  IT.  S.  A.,  M.  Am.  Soc.  C.  E.,  Chairman  and  Chief 
Engineer  of  the  Isthmian  Canal  Commission. 

Introduction. 

As  is  generally  known,  the  Isthmian  Canal  is  being  constructed 
across  the  Isthmus  of  Panama  from  the  Caribbean  Sea  to  the  Gulf 
of  Panama,  and  its  location  is  approximately  in  the  center  of  a  strip 
of  land,  10  miles  wide,  the  use  and  control  of  which  was  granted  in 
perpetuity  to  the  United  States  by  the  Eepublic  of  Panama.  This 
strip  of  land,  called  the  "Canal  Zone,"  stretches  in  a  generally  north- 
east and  southwest  direction,  and  is  approximately  contained  between 
Longitude  79°  30'  and  80°  00'  west  and  Latitude  8°  55'  and  9°  25'  north. 

Topography. 

Most  of  that  portion  of  the  Isthmus  of  Panama  which  lies  in  the 
immediate  vicinity  of  the  Canal  Zone  is  of  little  elevation  above 
sea  level,  and  the  higher  portions  are  either  a  series  of  more  or  less 
parallel  ridges  of  nearly  uniform  height,  or  isolated  dome-shaped  hills, 
seemingly  dropped  haphazard.  Along  the  Caribbean  Coast  there  are 
many  stretches  of  fresh  swamp  land,  such  as  the  Mindi  Marshes  south- 
west of  Colon  and  reaching  inland  6  or  7  miles.  On  both  sides  of  the 
Isthmus  there  are  also  extensive  salt-water  shallows,  mostly  covered 
with  low-growing  mangroves.  On  the  other  hand,  there  are  many  bold 
bluflfs  of  hard  trap  rock  which  rise  abruptly  from  the  sea,  and  ridges  of 
these  run  back  into  the  higher  hills  inland.  The  harbor  of  Porto 
Bello  is  nearly  surrounded  by  such  a  barrier,  while  at  Limon  Bay, 
the  harbor  of  Colon,  the  opposite  condition  appears. 

On  the  Pacific  side  similar  shore  conditions  axe  to  be  found,  except 
that,  for  miles  along  the  coast  in  each  direction,  there  are  no  harbors 
which  can  compare  with  those  on  the  Atlantic  side.  The  main  drain- 
age of  the  Isthmus,  of  course,  is  dependent  on  the  cordillera.,  or  conti- 
nental divide.  About  4  miles  southeast  of  Panama  City  the  divide 
approaches  within  7  miles  of  the  Pacific  shore,  and  for  the  entire  dis- 
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tanoo  along^  the  southerly  bmmdary  of  the  Chagres  Basin  it  is  no- 
wlierc  much  more  tlian   11   miles  from  this  ocean. 

The  Chagres  River  is  the  largest  in  the  Republic  of  Panama  on 
the  Atlantic  side  of  the  Isthmus.  It  has  a  drainage  area  above  Gatun 
of  1  320  sq.  miles,  and  between  this  station  and  the  mouth  of  the 
river  there  are  probably  about  25  sq.  miles  of  additional  drainage.  The 
Chagres  discharges  into  the  Caribbean  Sea  about  5  miles  southwest 
of  Tore  Point,  which  is  the  northernmost  limit  of  Canal  Zone  land 
on  the  westerly  side  of  Limon  Bay.  Going  up  stream  from  its  mouth, 
the  course  of  the  river  is  generally  southeastward  to  Gamboa,  which 
is  about  half  way  across  the  Isthmus  and  35  miles  from  the  mouth 
of  the  riv(>r.  ITp  to  this  point,  the  rise  has  been  very  slight,  the  eleva- 
tion of  the  river  bed  at  Gamboa  being  only  42  ft.  above  sea  level.  The 
course  has  thus  far  meandered  through  comparatively  level  and  often- 
times swampy  bottom  lands,  which  vary  in  width,  to  the  low  hills  on 
each  side.  The  widest  stretch  of  this  country  is  found  in  the  Gatun 
and  Trinidad  marshes,  lying  between  Gatun  and  Ahorca  Lagarto,  a 
swampy  area  about  7  miles  long  and  from  2  to  4  miles  wide,  with 
many  low,  isolated  hillocks  scattered  here  and  there,  rising  slightly 
above  swamp  level.  Near  Gamboa  the  river  makes  an  abrupt  turn 
almost  at  right  angles,  and  the  course  is  now  generally  northeastward. 
Its  character  also  changes  at  this  point,  and  instead  of  the  sluggish 
river  running  through  a  comparatively  level  flood  plain,  with  a  slope 
of  about  11  ft.  per  mile,  there  is  now  a  stream,  for  the  most  i)art 
swiftly  running,  between  banks  which  are  the  slopes  of  the  higher 
hills.  The  Zone  line  is  passed  40  miles  above  the  mouth  and  about 
5  miles  above  Gamboa,  and  the  remainder  of  the  course  is  in  the 
Republic  of  Panama.  At  Alhajuela,  11  miles  above  Gamboa,  38J  miles 
above  Gatun,  and  46  miles  above  the  river  mouth,  the  bed  of  the 
stream  is  about  92  ft.  above  sea  level.  Twenty-four  distinct  rapids 
have  been  passed,  and  the  rise  has  been  about  50  ft.  since  leaving 
Gamboa,  the  average  slope  being  about  4.6  ft.  per  mile  between  these 
stations.  This  point  is  approximately  at  i)roposed  high-water  level  in 
Gatim  Lake  at  its  final  elevation. 

The  climate  of  the  Canal  Zone,  in  a  general  way,  has  the  character- 
istics stated  by  Dr.  W.  F.  R.  Phillips  as  belonging  to  the  tropics: 

"Unusually  mild,  equable,  moist,  warm;  average  temperature,  80° 
F. ;     rainfall  frequent  and  heavy  over  water  and  Over  windward  land 
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exposure;  nights  unusually  clear;  afternoons  cloudy;  no  general  storms; 
seasons,  rainy  and  dry,  but  this  division  only  a  relative  one." 

In  regard  to  climatic  changes  and  the  length  of  time  necessary  for 
a  complete  cycle  of  fluctuation  and  evidence  of  periodicity,  Willis  J. 
Moore,*  quoting  Briickner,  states  that  such  a  period  is  completed  in 
an  average  of  35  years,  with  possible  extremes  of  15  years  in  indi- 
vidual cycles.  Dr.  W.  J.  S.  Lockyer  came  to  the  same  conclusion,  using 
different  premises  from  Briickner.  The  late  George  W.  Rafter,  M.  Am. 
Soc.  C.  E.,t  quoting  Mr.  A.  R.  Binnie,  states  that  "dependence  can 
be  placed  on  any  good  record  of  thirty-five  years'  duration  to  give  a 
mean  rainfall  correct  within  2  per  cent,  of  the  truth."  Mr.  Rafter 
further  states  that : 

"for  records  from  twenty  years  to  thirty-five  years  in  length,  the  error 
may  be  expected  to  vary  from  3.25  per  cent,  down  to  2  per  cent.,  and 
that  for  the  shorter  periods,  of  five,  ten,  and  fifteen  years,  the  probable 
extreme  deviation  from  the  mean  would  be  15  per  cent.,  8.25  per  cent., 
and  4.75  per  cent.,  respectively." 

Station  Instrumental  Equipment. 

Three  first-class  meteorological  stations  are  in  operation  in  the 
Canal  Zone:  Ancon,  on  the  Pacific  Coast;  Culebra,  in  the  interior  on 
the  continental  divide;  and  Cristobal,  on  the  Atlantic  Coast.  Each 
of  these  stations  is  equipped  with  the  following  instruments : 

Standard. — Mercurial  barometer,  hygrometer,  anemoscope,  ane- 
mometer, sunshine  recorder,  automatic  rain  gauge,  maximum, 
minimum,  and  standard  thermometers. 
Self-recording.  —  Thermograph,  hygrograph,  barograph,  and 
meteorograph,  the  latter  recording  sunshine,  rainfall,  and 
direction  and  velocity  of  the  wind. 

The  meteorological  instruments  are  all  of  standard  types,  similar 
to  those  in  use  by  the  United  States  Weather  Bureau.  The  Culebra 
station  is  also  equipped  with  a  maximum  solar  thermometer  for 
recording  the  direct  sun  temperature,  and  the  two  coast  stations  have 
water  thermographs  for  recording  autoniatically  the  temperature  of 
the  sea  water.     Besides  the  regular  meteorological  stations,  three  wind- 
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movement  stations  are  maintained,  at  Pedro  Miguel,  Gamboa,  and 
Gatun.  These  stations  are  equipped  with  anemometer,  anemoscope, 
and  meteorograph  for  recording  the  direction  and  velocity  of  the  wind. 
Twenty-five  rainfall  stations  are  maintained  in  the  Canal  Zone, 
and  rainfall  records  arc  also  received  from  Chepo,  Chorrera,  and 
Bocas  del  Toro,  1\.  P..  niul  from  three  other  stations  outside  the  Zone 
and  at  the  head-wntrrs  of  representative  streams. 


MEAN  BI-HOURLY    ATMOSPHERIC  PRESSURE 

REDUCED  TO  SEA  LEVEL     BASE  NUMBER  29  INCHES 
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Fig.   1. 

Evaporation  stations  are  maintained  at  Ancon,  Rio  Grande,  and 
Brazos  Brook  Reservoirs,  and  at  three  selected  locations  on  Gatun 
Lake,  and  seismological  stations  at  Ancon  and  Gatun.  Continuous 
tidal  records  are  kept  at  Balboa  and  Cristobal. 

For  purposes  of  comparison.  Table  1  shows  meteorological  data  from 
the  three  first-class  stations  in  the  Canal  Zone  and  from  Government 
weather  reports  of  stations  in  the  United  States  and  the  Philippine 
Islands. 
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MEAN   BI-HOURLY  TEM PERATURE-RAINY  SEASON 

FOR  YEARS  OF  RECORD 
(PERIOD  OF  MINIMUM  DAILY  RANGE) 
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Evaporation. 

Evaporation  is  the  name  of  the  process  by  which  aqueous  vapor  is 
taken  up  from  a  water  surface  and  returned  to  the  atmospliere.  By 
condensation  this  vapor  is  changed  back  into  water,  and  by  precipita- 
tion the  water  is  again  returned  to  the  earth,  completing  the  so-called 
"meteorological  cycle."  The  prevailing  winds,  constantly  blowing 
over  large  bodies  of  water,  keep  the  saturated  vapor  always  moving 
on,  and  dry  air  behind  it  flows  in,  taking  up  in  turn  its  load  of  moist- 
ure which  it  carries  to  land.  When  the  elevation  of  the  land  is  only 
a  little  above  water  level,  there  is  formed  a  vast  blanket  of  air  thor- 
oughly saturated  and  ready  for  any  disturbance  to  cjiuse  it  to  drop 
its  burden  in  the  form  of  rain.  As  the  air  moves  away  from  the 
water  surface,  it  meets  with  more  and  more  obstructions,  in  the  form 
of  hills  and  ridges,  and  by  them  is  deflected  upward  into  the  colder 
areas.  There,  becoming  condensed,  the  vapor  falls  to  earth  in  the 
form  of  rain.  In  the  regions  of  steadily  prevailing  winds  like  the 
trades,  the  windward  slope  of  the  mountain  ranges  is  the  one  of  more 
coi)ious   rainfall. 

The  laws  of  evaporation  are  probably  very  complex,  and  although 
much  study  and  investigation  have  been  given  to  the  phenomena,  no  sat- 
isfactory conclusions  have  been  reached  as  yet  which  are  applicable  to 
all  conditions.  The  principal  factors  influencing  evaporation  are 
wind,  temperature,  and  vapor  pressure.  In  a  region  like  the  Canal 
Zone,  where  atmospheric  temperature  and  pressure  are  exceedingly 
uniform,  the  effect  of  the  wind  is  of  paramount  importance  in  causing 
variation  in  the  rate  of  evaporation.  The  diagram.  Fig.  5,  shows  the 
relation  between  these  factors  for  the  years  of  record  at  the  Brazos 
Brook  station.  The  parallelism  of  the  evaporation  and  wind  velocity 
curves  is  especially  noticeable,  as  is  also  the  inverse  relationship  of 
these  curves  and  the  lines  of  monthly  rainfall.  The  air  temperature 
curve,  which  is  that  of  the  monthly  mean,  although  very  uniform, 
still  indicates  a  certain  parallelism  with  the  evaporation  curve,  while 
the  opposite  is  shown  in  the  curve  of  vapor  pressure.  The  diagram, 
Fig.  8,  shows  graphically  the  number  of  days  on  which  the  evaporation 
at  Eio  Grande  Eeservoir  and  at  Brazos  Brook  Eeservoir  have  exceeded 
a  stated  quantity.  From  these  curves  it  appears  that  the  mean  daily 
evaporation  for  dry-season  conditions  is  about  ^  in.  per  day,  and  that 
this  rate  is  only  exceeded  for.  about  80  days.     This  rate  means  a  lower- 
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NUMBER  OF  DAYS  WITHOUT  RAIN, FOR 
YEARS  OF  RECORD 


s  Since  the  iiiHtallation  of  the 
\utoinatic  Hefjister.   Cristobal 

and-Colon-Rainfall-llccorllsUatc- 

from  18G2 


^^N> 


Cul  >bra  means  include  two  years 'record  at  Bas  Obispo 


■Tun.     Fell.      Mar.     Apr.     May     June     July      Aug.    Sept.     Oct.      Xdv.    Dec. 

Pig.   6. 


EVAPORATION  and  ALLIED  PHENOMENA-BY  MONTHS. 
BRAZOS  BROOK  STATION-CANAL  ZONE. 

AVERAGE-  TWO  YEARS'  RECORD. 


Fig.   7. 
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ing  of  the  lake  by  about  1.7  ft.  during  the  entire  dry  season,  with  no 
allowance  for  increase  by  rainfall  on  the  surface.  The  high  rates  are 
recorded  for  short  periods — i  in.  and  more  for  40  days,  and  i  in.  per 
day  for  about  10  days.  The  average  evaporation  for  the  8  rainy  months 
is  about  0.11  in.  per  day,  and  during  this  period  the  rate  is  exceeded 
on  only  about  120  days. 

Regarding  the  loss  of  water  from  the  lake  by  trees  growing  in  the 
shallow  portions,  it  has  been  found  by  experience  that  all  standing 
timber  now  growing  on  lands  which  are  to  be  submerged  will  be  killed 


DIAGRAM  SHOWING  DURATION  OF  EVAPORATION 

RELATION  TO  RUN-OFF  IN  GATUN  LAKE  AT  ELEVATION +  85 Cabv. 

OBSERVATION  PAN,   4  FEET  IN  DIAMETER,  FLOATING  IN   BRAZOS  BROOK  AND 
RIO  GRANDE  RESERVOIRS. 

YEAR  1910. 
Curved  lines  show  number  of  days  that  evaporation  has  exceeded  a  given 
quantity.  Full  line  represents  values  for  Rio  Grande.  Dotted  line  repiesents 
values  for  Brazos  Brook.  Horizontal  lines  represent  mean  daily  evaporation 
o  =  Brazos  Brook  Observations 
X=  Rio  Grande  " 

Area  Gatun  LakeCElev.+85),163.15  Sq.  Miles. 
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Period,  in  Days.  jS* 

Fig.  8. 
by  the  water  after  2  or  3  years,  and  a  large  area.,  approximately  that 
of  the  lake  itself,  will  then  be  relieved  of  what  must  be  a  very  large 
draft  necessary  for  the  support  of  this  vegetation.  i\.ttention  was  first 
called  to  this  gain  to  Gatun  Lake  by  Lieut.-Col.  H.  F.  Hodges, 
M.  Am.  Soc.  C.  E.,  Assistant  Chief  Engineer,  Isthmian  Canal  Com- 
mission.* 

The   diagram,   Fig.    9,   shows   the   monthly   evaporation   values   for 
Brazos  Brook  and  Eio   Grande  Eeservoirs,   and  in   Table   3  may  be 

*  In  his  discussion  of  the  paper  entitled  "  Water  Supply  for  the  Lock  Canal  at  Panama," 
by  Julio  F.  Sorzano,  M.  Am.  Soc.  O.  E.,  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXVII,  p.  97. 


Papers.] 


IIYDKOLOGY    OF    THE    PANAMA    CANAL 


15 


MONTHLY  EVAPORATION 
LN_1NCHES. 


Jan.      Feb.     Mar,     Apr.      May     June     July    Aug.     Sept.     Oct.      Nov.    Dec. 

Fig.  9. 


MONTHLY  EVAPORATION  CANAL  ZONE 

AVERAGE  FOR  YEARS  OF  RECORD 
Elevation  of  evaporation  stations: 
(Above  sea  levi'O 
Ancon  100  feet 

Kio  Grande         2:38    '• 
Bas  Obispo  175     •> 

Brazos  Brook        48    " 
Cristobal  9    •> 

-in— irrrdiaineter- 


6   Jan.       Feb.        Mai-.        Apr.        May       June        July        Aug.       Sept.       Oct.        Nov.       Dec 


Fig.  10. 
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TABLE  3. — EVAPORATION  in 


January. . . 
February . 

March 

April 

May 

June 

July 

August 

September 
October.  . 
November. 
December. 


Annual 

Sums,  A  pr.  to  Dec . 

Mean,  13  months 

Mean,   9  months 


1907. 


tBAS  Obispo. 


>>a 

QS 


5.1T5 

5.073 
(j.538 
0.48ti 
4.681 
3.125 
3.1.53 
3.583 
3.358 
3.t<38 
3.599 
4.896 


52.603 
35.817 
4.384 
3.980 


0.167 
0.181 
0.211 
0.316 
0.151 
0.101 
0.102 
0.116 
0.113 
0.095 
0.130 
0.158 


0.144 
0.130 


1908. 


tANCON. 


3.348 
6.557 
6.997 
5.931 
3.319 
3.046 
3.017 
3.303 
3.049 
3.356 
3.414 
2.942 


46.996 

30.067 

3.914 

3.341 


0.108 
0.236 
0.336 
0.197 
0.104 
0.101 
0.097 
0.103 
0.102 
0.105 
0.080 
0.095 


0.129 
0.109 


iBAs  Obispo. 


5.617 
5.729 
6.890 
5.4T5 
3.175 
3.415 
3.250 
3.435 
3.635 
3.875 
2.730 
3.445 


50.061 
32.435 
4.172 
3.603 


0.181 
0.198 
0.203 
0.182 
0.102 
0.114 
0.105 
0.110 
0.121 
0.125 
0.091 
0.111 


0.13' 
0.118 


tCRISTOBAli. 


4.868 
7.958 
7.. 557 
6.930 
8.570 
3.184 
3.822 
3.192 
3.337 
3.324 
2.700 
4.056 


52.488 

32.105 

4.374 

3.567 


QS 


0.157 
0.274 
0.244 
0.231 
0.083 
0.106 
0.091 
0.103 
0.111 
0.107 
0.090 
0.131 


0.144 
0.117 


tANCON. 


3.348 
3.788 
4.931 
3.883 
2.451 
1.916 
2.080 
2.271 
2.484 
2.826 
2.332 
3.020 


a5.270 
23.263 
2.939 
2.585 


0.108 
0.133 
0.1.59 
0.189 
0.079 
0.064 
0.067 
0.073 
0.083 
0.091 
0.078 
0.097 


0.097 
0.085 


*  Tank  floating  in  lake;  4  ft.  diameter,    t  Insulated  tank,  protected  from  direct  rays  of 

found  the  montlily  values  for  all  stations.  Evaporation  mea.surements 
were  begun  on  the  Isthmus  in  1907,  and  have  been  continued  since. 
The  best  values  are  being  obtained  from  copper  pans,  4  ft.  in  diameter, 
floating  in  Rio  Grande  and  Brazos  Brook  Reservoirs  and  in  Gatun 
Lake.  At  these  stations  the  evidence  is  being  made  to  approximate 
as  nearly  as  possible  the  conditions  of  an  extensive  water  surface 
fairly  exposed  to  all  atmospheric  conditions.  Fig.  1,  Plate  I  (from 
Annual  Report,  I.  C.  C,  1910-11),  shows  the  evaporation  apparatus 
at  Rio  Grande  Re-servoir,  which  is  similar  to  those  in  use  at  Brazos 
Brook  and  Gatun. 

In  order  to  obtain  some  data  regarding  the  relative  quantities 
evaporated  by  day  and  by  night,  series  of  readings  were  taken  at 
different  stations,  and  the  results  appear  in  Table  5.  It  has  .seemed 
desirable  to  obtain  some  information  as  to  the  relative  evaporation  that 
will  take  place  in  various  parts  of  the  lake  due  to  the  diflfering  con- 
ditions which  will  exist  along  the  shore.  In  order  to  investigate  this 
matter,  three  4-ft.  floating  pans  were  placed  in  Gatun  Lake  in  such 
locations  as  seemed  to  cover  the  various  conditions  to  be  anticipated. 
Pan  No.  1  was  placed  in  an  exposed  location  about  1  000  ft.  south  of 
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1909. 

1910. 

*Rio 
Grande 

*Brazos 
Brook. 

ICristobal. 

tANCON. 

*Rio 
Gramdb. 

♦Brazos 
Brook. 

♦Cristobal. 

■3 

"5 

:=  ai 
c3  « 
OS 

5 
0 

EH 

■3  s 

0 

oa 

■3 

"5 

0 

ca 

2 

0 

IS 

QE 

4.868 
5.353 

0.157 
0.191 
0.208 
0.516 
0.125 
0.0S3 
0.079 

o.oa5 

0.091 
0.098 
0.065 
0.089 

4.354 
5.350 
6.190 
4.379 
3.378 
2.666 
2.740 
2.866 
3.078 
3.436 
3.133 
3.528 

0.140 
0.191 
0.200 
0.146 
0.109 
0.089 
0.088 
0.092 
0.103 
0.111 
0.104 
0.114 

4.612 
5.529 
6.003 
3.986 
3.916 
2.654 
2. 846 
3.096 
3.677 
3.577 
2.999 
3.442 

0.1491  4.622 
0.197'  4.668 
0.194    6  1.=i1 

0.149 
0.167 
0.198 
0.168 
0.139 
0.117 
0.(J97 
0.103 
0.127 
0.135 
0.091 
0.069 

5.257 
4.574 

6.500 
5.209 
3.493 
2,703 
2.:i59 
2.8.52 
2.791 
3.343 
2.817 
3.732 

0.170 

O.lfiS 

0.445 
6.468 
3.868 
2.49H 
2.445 
2.636 
2.727 
3.027 
1.850 
2.746 

0.210 

5.960 
4.205 
3.417 
3.117 
3.353 
3.768 
3.094 
2.713 
2.993 

0.199 
0.136 
0.114 
0.1(11 
0.108 
0.126 
0.100 
0.090 
0.096 

5.366 
4.597 
3.806 
3.042 
3. 760 
4.169 
4.168 
2.152 
2.379 

0.179 
0.148 
0.127 
0.098 
0.121 
0.1.39 
0.134 
0.O72 
0.077 

0.133 
0.126 
0.088 
0.092 
0.100 
0.12s 
0.115 
0.100 
0.111 

5.025 
4.304 
3.516 
3.014 
3.189 
3.804 
4.177 
2.718 
2.746 

0.174 
0.118 
0.090 
0.076 
0.092 
0.C93 
0.108 
0.094 
0.120 

45  031 

'oii'ii 

0.103 

45.097 

29.203 

3.758 

3.245 

0.124 
0.106 

46.337 

30.198 

3.861 

3.355 

47  934 

'6'i31 
0.118 

45.f)30 
29.299 
3.802 
3.255 

32.620 

33.439 

28.365 
3.753 
3.152 

32.493 

0.127    3.994 

'6!i25 

3.624 

0.119 

3.715 

0.123 

0.110 

3.610 

0.107 

sun;  10  ill.  diameter.    J  Concrete  tank,  ]2i^  ft.  diameter.  5  ft.  deep. 

tlie  dam  and  an  equal  distance  from  each  shore  or  other  obstruction. 
This  exposure  was  intended  to  represent  ordinary  conditions  on  the 
open  lake.  Pan  'No.  2  was  placed  among  the  trees  of  what  had  been 
a  considerable  forest,  but  which  was  now  partly  submerged  by  the 
rising  waters  of  the  lake.  It  i.s  located  about  500  ft.  in  from  the  edge 
of  the  forest,  several  trees  being  felled  in  order  that  the  records  might 
not  be  aifected  by  rain  dropping  from  the  leaves.  Pan  Xo.  3  was  placed 
in  the  center  of  an  area  of  tall  water  grass,  about  J  acre  in  extent. 
Such  a  growth  as  this  will  be  very  frequent  along  the  shallow  portions 
of  the  shore.  In  the  last  two  exposures  it  appears  that  the  action  of 
the  wind  is  a  very  great  factor  in  determining  the  quantity  of  evapora- 
tion. It  also  demonstrates  that  action  of  the  shore  growth  will  be 
that  of  a  wind-break,  and  that  the  evaporation  figures  based  on  data 
collected  from  exposed  locations  are  on  the  safe  side,  that  is,  probably 
they  will  give  too  great  an  evaporation.  Table  4  shows  the  results 
obtained  since  the  installation  of  the  pans. 

The  equipments  at  Kio  (Jrande,  Brazos  Brook,  and  Gatun  consist 
of  the  following  measuring  instruments: 

A  copper  pan,  4  ft.   in  diameter  and   10   in.   deep,   tloating   in   the 
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water,  for  evaporation;  an  anemometer,  for  wind  movement  directly 
over  the  evaporation  pan;  a  rain  gauge,  for  rainfall;  a  thermometer, 
for  water  temperatures,  and  maximum  and  minimum  thermometers, 
exposed  in  an  instrument  shelter  of  the  regular  type  located  on  the 
shore  close  by,  for  recording  the  air  temperatures. 

The  evaporation  pan  is  set  in  a  light  wooden  frame,  properly 
buoyed,  which  serves  to  keep  the  top  of  the  pan  above  the  surface 
of  the  water  in  the  lake,  as  well  as  to  prevent  occasional  waves  from 
splashing  over  into  the  pan.  The  pan  rests  with  its  bottom  and  sides 
submerged  in  the  water,  thus  insuring  that  the  temperature  of  the 
water  within  the  pan  at  all  times  will  be  very  close  to  that  of  the 
water  at  the  surface.  The  float  is  located  at  a  considerable  distance 
from  shore,  for  the  purpose  of  getting  an  exposure  which  represents 
actual  average  conditions. 

A  sharp-pointed,  copper-wire  index  is  set  in  the  center  of  the  pan  and 
inside  a  perforated  copper  cylinder  still-box  which  serves  to  reduce 
the  wave  motion  of  the  surrounding  water,  and  thus  permits  more 
accurate  readings  of  the  daily  evaporation.  The  index  point  is  4  in. 
below  the  top  of  the  pan,  and  it  follows  that  the  usual  height  of  the 
water  in  the  pan  is  also  approximately  4  in.  below  the  top.  This 
arrangement  is  necessary  to  prevent  the  overflow  of  the  pan  during 
heavy  rains. 

TABLE  4. — Evaporation  Eecords  for  Pans  Floating 
IN  Gatun  Lake. 

Monthly  Values. 


Pan  No. 

1. 

Pan  No. 

2. 

Pan  No. 

}. 

a   . 

a 

Bu 

a 

a  . 
—  h 

a 

Month. 

a 

fi 

d 
.2  w 

a 

d 
.2» 

a 

II 

a' 
.2« 

■3  (C 

S  t- 

+-)  *     1 

s  '^ 

ir  ii 

.03  .a 

>  ft 

?«f, 

^■a 

t>  ft 

2-g 

a  ^ 

>K 

g-y 

.2o 

o  a    \ 
> 

.5  a 
P3 

■a  1) 

ft-S 

•> 

•5.9 

1| 

> 

1911. 

May* 

15.33 

16.48 

7.20 

8.19 

4.83 

3.93 
3.86 
.5.90 
4.74 
5.02 

2.12 
2.80 
4.56 
4.41 
4.58 

14.21 
17.65 
7.31 
6.77 
7.10 

1.47 
0.97 

1.47 
0.86 
1.04 

1.75 
2.41 

3.28 
3.07 
2.63 

14.41 
17.89 
7.33 
7.35 
6.96 

1.83 

2.48 

July 

2.78 

3.37 

September 

3.13 

October 

16.85 

4.11 

3.53 

16.62 

0.68 

2.77 

15.21 

3.00 

*  No  record  for  the  first  10  days  of  May. 
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TABLE  ."). — EvAi'oHATiOxV  in  Canal  Zonk.     Comparative  Valuks 
Koi;   Day  and  Night. 


1908.* 

1909. 

1911.* 

Month. 

Ancon. 

Bas  Obispo. 

Cristobal. 

Ancon. 

Cristobal. 

Cristobal. 

Q 

be 

2 

Q 

it! 

i 
2 

5 

1 

JZ 

1.755 
2.134 
2.693 
2.108 
1.317 
0.941 
1.078 
1.241 
1.425 
1.862 
1..395 
1.775 

1.593 
1.594 
2.238 
1.775 
1.131 
0.975 
1.002 
1.0.30 
1.059 
0.964 
0.937 
1.245 

2.754 
2.916 
3.660 
3..5f4 
2.268 
1.332 
1.252 
1.467 
1.706 
1.7ft4 
1.129 
1.484 

2.114 
2.437 

2.785 
2.873 
1.600 
1.166 
1  193 

4.600    8.565 

February 

March.. .' 

5.062 
5.566 
4.404 
2.001 
2.084 
1.900 
2.175 
1.924 
2.051 
1.862 
1.8.37 

1.495 
1.431 
1.517 

1.218 
1.012 
1.117 
1.028 
1.125 
1.205 
1.052 
1.605 

3.605 
3.919 
3.630 
1.715 
1.955 
1.670 
1.702 
2.178 
2.467 
1.555 
2.040 

2.124 
2.371 
1.845 
1.460 
1.460 

i..58n 

1.723 
1.457 

1.4I1H 

1.175 
1.405 

4.200 
4.402 
3.999 
1.706 
1.878 
1.584 
1.985 
2.096 
2.016 
1.572 
2.252 

3.758 
3.1.55 
2.931 
0.>'64 
1.306 
1.2:i8 
1.207 
1.231 
1.308 
1.128 
1,804 

3.763    3.841 
4.810    4  275 

April 

3.152    2.247 

May 

1.973    1.323 

June 

1.674    1.276 

1.169 
1.021 
1.243 
0.821 
1.262 

September 

October  

Total 

29.816 
68 

13.805 
32 

26.436 
60 

18.008 
40 

27.690 

58 

19.930 
42 

19.724 
56 

15.546 
44 

25.346 
56 

19.684 
44 

19.972 

16.027 

Percentage 

55 

45 

*11  months,  1908;  Cristobal,  6  months,  1911. 
Readings  taken  at  8.u0  a.  m.  and  8.00  p.  m.  daily. 
Mean  of  all  observations.  59"^  day  and  41%  night. 

The  pan  is  set  by  bringing  the  surface  of  the  water  exactly  to  the 
level  of  the  point  of  the  copper  index.  When  the  evaporation  measure- 
ments are  made  24  hours  later,  if  there  has  been  no  rainfall,  the 
surface  of  the  water  in  the  pan  will  be  foiind  below  the  index  point. 
The  quantity  of  water  necessary  to  raise  the  wa.ter  surface  to  the 
level  of  the  index  point  is  carefully  measured  and  poured  into'  the  pan. 
This  quantity  of  water,  expressed  in  thousandths  of  an  inch  over  the 
surface  of  the  evaporation  pan,  equals  the  evaporation  for  the  previous 
24  hours.  When  the  rainfall  during  the  day  has  exceeded  the  evapora- 
tion, the  surface  of  the  water  in  the  pan  will  be  found  above  the  point 
of  the  copper  index.  The  excess  water  must  be  removed  from  the  pan 
and  measured.  In  this  case  the  dilference  between  the  rainfall  and 
the  quantity  of  water  removed  from  the  pan,  expressed  in  thousandths 
of  an  inch,  equals  the  evaporation  for  the  previous  24  hours.  When 
rain  occurs  during  the  day,  but  is  less  than  the  evaporation,  the 
sum  of  the  rainfall  and  the  quantity  of  water  poured  into  the  pan, 
expressed  in  thousandths  of  an  inch,  equals  the  evaporation.  The 
water  poured  into  or  removed  from  the  evaporation  pan  is  measured 
in   a  copper  measuring  tube  having  exactly   rJo   of  the  cross-section 
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area  of  the  evaporation  pan.  Depths  are  measured  with  the  regular 
rainfall  measuring  stick,  graduated  to  inches  and  tenths;  xV  ii^-  ii^  the 
measuring  tube  represents  yoVo  ^^-  over  the  surface  of  the  evapora- 
tion pan. 

Table  5  shows  the  quantities  of  evaporation,  by  day  and  by  night, 
that  have  been  recorded  at  the  several  stations  on  the  Canal  Zone, 
together  with  the  relative  percentages.  The  mean  of  the  entire  series 
i.s  59%   by  day  and  41%   by  night. 

Besides  the  direct  loss  due  to  the  run-oif  by  evaporation  from  water 
surfaces,  a  large  percentage  of  the  rainfall  is  still  unaccounted  for, 
which  is  aptly  called  "retention"  by  Professor  D.  W.  Mead,*  M.  Am. 
Soe.  C.  E. ;  part  of  this  is  used  by  vegetation  and  transpired  by  the 
leaves,  part  is  retained  in  the  ground  and  returned  to  the  stream  at 
periods  of  low  rainfall,  and  a  portion  is  permanently  lost  to  the  water- 
shed either  by  deep  percolation  or,  as  is  sometimes  the  case,  by  meet- 
ing a  permeable  stratum  which  conducts  it  to  another  basin.  This 
latter  cause,  however,  is  usually  relatively  unimportant,  but  should  not 
be  overlooked  in  the  examination  of  a  water  supply.  In  the  Gatun 
Lake  Basin,  due  to  the  practically  impervious  argillaceous  sandstone 
and  other  rocks  of  similar  character  which  appear  to  underlie  the 
entire  lake  area,  permanent  loss  of  water  to  the  basin  is  probably 
too  small  for  any  consideration,  and  is  neglected  hereafter  in  this 
liaper.  The  following  shows  the  portion  of  the  rainfall  unaccounted 
for  in  certain  northern  streams: 

Portion  of  rainfall 
Rivers.  unaccounted  for. 

Hudson,    N".    Y 52  per  cent. 

Sudbury,    Mass 49     "        " 

Croton,   N.   Y 40     "       " 

Wisconsin,    Wis 65     "        " 

Chippewa,        "   50     "        " 

Kock,  "   21     "       " 

In  his  treatise  on  water  supply  engineering,  the  late  J.  T.  Fanning, 
M.  Am.  Soc.  C.  E.,  has  given  values  from  investigations  at  Emdrup, 
Denmark,  from  which  the  following  is  deduced: 

♦•'Flow  of  streams  and  the  Factors  that  Modify  It,"  Bulletin.  Univ.  of  Wisconsin 
No.  485. 
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Mean  Ratio  to  water 

evaporation,     evaporation. 

^\';^t(■l■      sui'faci's,      uu'aii      cvaiKiration 

(iiiimial)    27.9  ill.  1.00 

Short  grass 30.1  "  1.08 

Long  grass    44.0  "•  1.58 

From    liradiiiore's   "Hydrology." 

Lancashire,  England,  Lat.  53°  30'  N. 

from  earth    25.7  "  .... 

Ciimherland,   England,    Lat.   54°   34' 

K,   from   earth 29.2  "  

Investigations  by  Risler  concerning  the  quantity  of  water  required 
for  different  crops*  are  tabulated  below,  and  give  the  daily  consump- 
tion of  water  for  variovis  crops: 

Lucerne   grass    from  0.134  to  0.2G7  in. 

Meadow       "      "  0.122  "  0.287  " 

Oats   "  0.140  "  0.193  " 

Indian    corn "  0.110  "  1.570  " 

Clover    "  0.140  "  .  . .  .  " 

Vineyard   "  0.035  •'  0.031  " 

Wheat    "  O.IOG  "  0.110  " 

Eye     "  0.091  "  ....  " 

Potatoes     "  0.038  "  0.055  " 

Oak   trees    "  0.038  "  0.030  " 

Fir  trees   •'  0.020  "  0.043  " 

Mr.   Tweeddale   states   as   his   opinion   that  cereals   and  grasses,   from 
seed  time  to  harvest,  will  take  up,  respectively,  from  15  to  37  in. 

In  his  report  on  water  supply,  Mr.  C.  C.  Vermeule  has  used  the 
following  factors  for  the  water  required  by  various  crops  in  one  grow- 
ing month : 

Crop.  Inches. 

Forest  (oak  and  chestnut) 1-2 

Wheat,  rye,  oats,  etc 3.5 

Indian  corn   "^-S 

Potatoes,  etc 1-2 

Long  grass "•'^ 

*  Quoted  by  W.  Tweeddale,  Kansas  State  Board  of  Agriculture,  December  31st.  188fl. 
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Crop.  Inches. 

Short  grass 5.0 

Orchards    3.0 

Fallow  lands,  etc 4.0 

In  investigation  work  at  Pomona,  Cal.,*  the  following  duty  has 
been  required  of  the  water  used  on  various  crops  for  the  average  year 
(1906-09) : 

Citrus  fruits  (oranges  and  lemons) 2.94  ft. 

Deciduous  fruits  and  miscellaneous  crops 2.58  " 

Alfalfa    4.6     " 

While  these  figures  do  not  show  the  quantity  of  water  that  similar 
crops  would  use  were  they  entirely  dependent  on  natural  supply,  they 
do  indicate  the  relative  quantities  that  such  crops  demand  for  the 
best  conditions,  and  the  quantity  they  might  use  if  it  were  available. 
The  depth  of  water  used  on  a  2l2-acre  apple  orchard  in  Wenatchee, 
Wash.,f  was  found  to  be  2-3  in.  during  the  year,  the  trees  being  7  years 
old  and  producing  heavily.  Mr.  Samuel  Fortier:}:  states  that  the  results 
of  experiments  have  shown  that,  where  water  is  applied  to  the  surface 
of  orchard  soils,  the  evaporation  is  very  great  as  long  as  the  top  layer 
remains  moist.  Even  in  light  irrigation,  the  loss  in  48  hours  after  the 
water  is  put  on  may  amount  to  from  10  to  20%  of  the  volume  applied. 
Mr.  W.  W.  McLaughlin, §  in  discussing  the  irrigation  of  grain,  states 
that  it  is  always  safe  to  assume  that  the  ranker  the  growth  of  straw 
the  greater  will  be  the  quantity  of  water  required.  He  also  says  that 
the  total  depth  of  water  applied  to  grain  crops  on  the  older  lands  will 
vary  from  1  to  8  ft.,  depending  on  the  porosity  of  the  soil  and  the 
climate  of  the  place,  average  depths  of  2  and  3  ft.  representing  the 
quantities  required,  respectively,  in  cool  and  warm  climates.  Field 
peas||  in  an  average  irrigation  season  of  42  days  are  shown  to  have 
required  about  4.7  in.,  or  about  0.112  in.  per  day. 

The  foregoing  figures,  while  not  exact,  and  applying  to  crops  and 
conditions  elsewhere  and  under  difFerent  climatic  conditions,  are  never- 
theless instructive  in  obtaining  some  idea  of  the  quantity  of  water 
which    must    be    required   by    the    rank    and    lush    vegetation    of   this 

*  Bulletin  »6",  Office  of  Exper.  Station,  U.  S.  Dept.  of  Agriculture,  p.  87. 
t  Farmers'  Bulletin  hOh.  U.  S.  Dept.  of  Agriculture,  p.  26. 
X  Farmers'  Bulletin  hOh,  U.  S.  Dept.  of  Agriculture,  p.  28. 
§  Farmers'  Bulletin  390,  U.  S.  Dept.  of  Agriculture,  p.  18. 
II  Bulletin  73,  Wyoming  Experiment  Station,  p.  7. 
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tropical  country.  With  all  its  heavy  precipitation,  were  it  not  for  the 
steep  hillsides,  and  consequent  quick  discharge  of  the  waters,  it  is  doubt- 
ful if  the  ratio  of  run-off  to  rainfall  might  not  even  be  less  here  than 
in  countries  where  the  rainfall  is  smaller  but  the  vegetation  less 
luxuriant. 

E.  Oppokov*  states  that  marshes  are  a  detriment  to  the  drainage 
area  of  a  water  supply  system.  It  is  ordinarily  thought  that  such  areas 
are  valuable  for  the  storage  of  water  in  the  rainy  season,  and  that 
during  the  dry  period  they  allow  of  a  gradual  discharge,  which  increases 
the  stream  flow.  Having  studied  the  features  of  the  Dnieper  and 
adjoining  rivers,  Mr.  Oppokov  believes  that  his  investigations  prove 
there  is  intensified  evaporation  from  marsh  areas  in  periods  of  drought, 
which  not  infrequently  results  in  the  total  drying  out  of  the  marsh. 
These  areas  then  act  as  a  great  sponge  for  the  absorption  of  subse- 
quent precipitation  and  seepage  waters  from  the  uplands,  and  cause 
decreased  returns  of  the  waters  to  the  rivers,  the  run-off  being  actually 
lessened  thereby. 

In  the  case  of  the  Gatun  Lake  water-shed,  there  will  probably  be 
an  increase  in  run-off  when  the  swamp  areas  are  eliminated  by  sub- 
mergence. Under  present  conditions,  these  areas  annually  absorb 
large  quantities  of  the  rainfall  to  make  up  for  the  depletion  caused 
by  evaporation  and  plant  necessity.  After  submergence,  the  trees 
and  other  vegetation  will  die  off,  and  the  ground  will  become  saturated 
once  for  all.  Subsequent  rainfall  will  then  be  available  for  lake  pur- 
poses. Such  conditions  will  be  especially  appreciated  during  periods 
of  light  rainfall,  when  the  demands  of  vegetation  are  greatest. 

The  fact  that  a  considerable  rainfall  may  occur  with  little  run-off 
from  a  basin  overgrown  with  vegetation,  and  that  the  daily  evaporation 
from  a  water  surface  is  relatively  small  in  comparison  with  the  pre- 
cipitation, is  an  indication  that  the  available  run-off  will  be  increased. 
For  river  regulation  and  the  prevention  of  floods,  this  condition  might 
present  an  entirely  different  aspect  than  when  applied  to  the  conser- 
vation of  the  water.  The  well-sustained  run-off  from  the  area  above 
Alhajuela  is  due,  not  only  to  its  large  rainfall,  but  probably  also  to 
the  absence  of  swamps  with  their  shallow  storage,  and  the  presence 
of  an  extensive  limestone  formation.  This  latter  undoubtedly  allows 
the  deep  storage  of  large  quantities  of  water  during  the  rainy  season, 

*  Rhus.  Jour.  Expr.,  Landau,  I'.tlO.  pp.  369-372. 
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which,  as  the  dry  season  proceeds,  is  given  off  for  the  benefit  of  river 
discharge.  The  swamp  and  the  limestone  storage,  although  both 
classed  as  underground,  to  distinguish  them  from  surface  water,  are 
nevertheless  entirely  distinct  in  their  tendencies.  The  former  is 
shallow  and  readily  affected  by  the  agencies  producing  evaporation, 
including  plant  demands;  the  latter,  deep  and  far  removed  from  the 
surface  losses,  is  all  available  for  stream  flow,  if  it  can  but  find  an 
outlet. 

An  excellent  example  of  this  latter  condition  is  found  in  a  lime- 
stone cliff  overhanging  the  Chagres  River  above  Alhajuela.  Here  is 
a  nearly  perpendicular  wall,  more  than  100  ft.  above  the  river  surface, 
and  having  a  length  of  more  than  500  ft.  This  whole  surface,  more 
or  less  covered  with  moss  and  clinging  vegetation,  is  constantly  and 
copiously  dripping  with  water  during  the  entire  year.  The  contour 
surveys  and  explorations  have  shown  that  there  are  no  extensive  swamp 
areas  in  the  Chagres  Eiver  Basin  above  Elevation  +  60,  and  it  seems 
fair  to  presume  that,  when  the  lake  has  reached  its  final  elevation, 
hydrographic  conditions  similar  to  those  now  observed  for  the  area 
above  Alhajuela  will  obtain  elsewhere,  modified  by  local  conditions  of 
rainfall. 

The  geological  and  topographical  investigations  which  have  been 
made  in  the  lake  area  and  its  drainage  basin  seem  to  give  assurance 
of  exceedingly  favorable  conditions  for  the  collection  of  the  water 
supply  and  its  conservation.  The  lower  part  of  the  Chagres  Basin, 
as  has  been  stated,  is  underlaid  by  argillaceous  sandstone,  and  this  is 
the  principal  constituent  in  the  ridges  bordering  the  lake.  Nearly 
the  entire  bottom  of  the  lake,  up  to  about  Elevation  +  30,  is  covered 
with  a  deposit  of  alluvium,  which  is  also  practically  impervious.  This 
cover,  about  51  miles  in  extent,  and  of  varying  thicknesses  up  to  several 
hundred  feet,  presents  an  additional  safeguard  against  bottom  seepage, 
and  at  the  place  where,  if  needed  at  all,  it  will  be  of  most  service, 
namely,  in  the  deepest  parts  of  the  lake.  Above  this  impervious  cover- 
ing is  found  the  residual  deposit  overlying  the  impervious  argillaceous 
sandstone  from  which  it  was  derived.  The  characteristics  of  this 
surface  layer  are  its  more  or  less  claylike  nature  at  the  extreme  surface, 
and  its  sandy  and  less  cohesive  structure  as  it  approaches  the  solid 
rock.  The  nature  of  this  argillaceous  sandstone  is  to  crumble  and 
break  down  to  a  fine  clay  where  mostly  exposed  to  the  weather,  the 
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particles  becoming  larger  and  more  firm  with  distance  from  the  surface. 
The  result  of  this  quality  is  that  there  is  an  extensive  layer  of  more 
or  less  open  structure  overlying  the  impervious  rock,  capable  of 
storing  large  quantities  of  water,  and  well  protected  from  surface 
evaporation.  From  this  layer  comes  the  well-sustained  flow  that 
appears  in  many  streams  during  periods  when  there  is  little  or  no 
rain.  This  formation  also  gives  additional  storage  capacity  to  the 
lake,  so  that  demands  on  it  will  be  honored  in  excess  of  visible  storage. 
Such  condition  has  been  found  in  the  case  of  the  Eio  Grande  Reser- 
voir, and  will  be  commented  on  later.  What  this  storage  may  be  is 
unknown  at  present,  and  can  only  be  determined  after  the  lake  is  filled. 
This  quantity  should  not  be  considered  in  calculations  affecting  the 
water  supply,  but  should  be  left  as  an  asset  to  be  applied  to  any  losses 
which  may  have  been  overlooked  or  under-estimated. 

Rainfall. 

The  cause  of  rainfall  is  to  be  found  in  the  operation  of  certain 
general  principles  of  physics,  but  is  influenced  more  or  less  by  locaJ 
conditions.  Rainfall  is  due  to  the  precipitation  of  the  water  vapor  in 
the  atmosphere  which  has  been  derived  primarily  from  the  ocean  by 
the  process  of  evaporation.  No  matter  how  far  this  vapor  may  be 
driven  by  the  winds,  in  the  course  of  time  the  water  returns  again  to 
the  ocean.  Evaporation  takes  place  from  the  surface  of  every  body 
of  water,  from  the  ground,  and  from  vegetation.  Whenever  for  any 
cause  the  moisture-laden  air  is  cooled,  condensation  and  consequent 
precipitation  take  place. 

According  to  Curtis,  three  different  processes  are  ]>riniarily  con- 
cerned in  the  production  of  rain,  acting  either  singly  or  in  combina- 
tion.    These  factors  are: 

1. — Convective  currents; 

2. — Hills    and   mountains   which    cause   deflection   of   atmospheric 

currents;  and 
3. — Cyclonic  circulation. 

The  Isthmus  of  Panama  is  in  that  portion  of  the  globe  where  the 
influence  of  convection  is  very  great,  but  where  cyclonic  disturbances 
are  almost  absent.  Currents  due  to  convection  of  heat  are  nearly 
vertical,   and  moisture  evaporated  in  a  region  exposed  to  these  con- 
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ditions  will  largely  be  precipitated  before  being  carried  far  away. 
Increased  evaporation,  therefore,  will  be  followed  by  increased  rainfall, 
and  any  change  that  increases  or  decreases  the  former  will  be  followed 
by  a  corresponding  change  in  the  precipitation.  Wherever  there  are 
mountain  ridges  the  slopes  of  which  obstruct  and  deflect  upward  the 
prevailing  winds,  there  also  will  be  found  a  well-watered  country  and 
perennial  streams.  So  eifective  is  this  cause  in  producing  rainfall 
that  it  is  of  frequent  occurrence  to  find  luxuriant  vegetation  on  the 
windward  side  of  a  mountain  range  while  the  leeward  side  is  dry  and 
parched,  and  with  meager  growth.  Although  not  to  extremes,  such 
conditions  as  these  are  found  in  the  Canal  Zone,  with  its  72  in.  of 


Fig.  11. 

precipitation  on  the  Pacific  Coast  and  its  130  in.  on  the  Atlantic, 
which  are  a.verages  of  long-period  records. 

The  conditions  of  rainfall  following  excessive  evaporation  in  this 
region  are  best  shown  in  the  basin  above  Alhajuela.  There,  on  the 
high  mountains,  the  moisture-laden  winds  from  the  north  and  west 
are  forced  to  drop  their  loads.  Along  the  Canal  Zone  and  to  the  south- 
west, the  ridges  are  of  much  less  elevation,  and  therefore  do  not  so  much 
disturb  the  direction  of  the  wind.  The  results  of  these  conditions  are 
found  in  the  run-off  at  Alhajuela,  with  its  well-su.stained  flow,  and  at 
Trinidad  and  Caiio,  with  the  opposite  conditions. 

The  distribution  of  rainfall  across  the  Isthmus  is  shown  by  Fig.  11. 
Culebra,  with  its  annual  average  of  91  in.,  is  at  the  limit  of  the  wind- 
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ward  slope,  and  its  rainfall,  averaged  with  that  of  Cristobal  and  Gatun, 
gives  a  rough  approximation  of  the  rainfall  conditions  north  of  the 
divide  and  over  the  area  in  which  will  lie  Gatun  Lake  and  its  drainage 
area.  On  the  southerly  or  leeward  side  of  the  ridge  the  rainfall  aver- 
ages about  80  in.  annually,  or  less  than  three-fourths  of  that  on  the 
windward  side.  Due  to  other  local  conditions,  however,  the  actual 
rainfall  on  the  Gatun  Basin  is  larger  than  these  mean  values  and 
more  nearly  approaches  a  ratio  of  3  to  2. 

Kecords  of  rainfall  have  been  kept  on  the  Tsthinus  of  Panama  in  the 
vicinity  of  the  Canal  Zone  for  long  i)criods  at  several  of  the  stations. 
Table  6  gives  the  stations  which  have  been  in  operation  for  6  years 
or  more,  the  length  of  record,  and  the  probable  accuracy  of  the  record 
as  a  basis  for  prediction  of  tlie  average  conditions  which  may  be 
expected  in  the  future. 

TABLE  6. — Kainfall  Statioxs  ix  Canal  Zone. 


station. 

Length  of 

record, in 

years. 

Probable 

error. 

Percentage. 

Station. 

Length  of 

record. in 

years. 

Probable 

error. 

Percentage. 

Cristobal 

40 

28 

16 
13 

1.7.-) 
2.25 
3.25 
4.M 

7.00 

Panama  fAnconi. 

(! 
(i 
6 
6 

7. PC 

Gam  boa 

14  00 

Culebra 

Gatun 

Gorgona 

Rio  Grande 

14  00 

Bohio         .   . 

14  00 

Alhajuela 

14.00 

The  figures  in  Table  6  for  probable  deviation  from  the  actual 
average  agree  substantially  with  those  given  by  Mr.  A.  R.  Binnie,  and 
quoted  by  Mr.  Rafter.* 

In  his  report  on  the  "Influence  of  Forests  on  Stream  Flow,"  Lieut. - 
Col.  Edward  Burr,  M.  Am.  Soc.  C.  E.,  Corps  of  Engineers,  IT.  S.  A., 
states  as  his  deduction  that  60  years  or  more  of  climatic  records  are 
necessary  from  which  to  draw  satisfactory  conclusions,  and  that  those 
drawn  from  records  of  40  years  or  less  will  probably  be  misleading  or 
incorrect.  Col.  Burr's  conclusions  regarding  length  of  records  neces- 
sary for  basing  estimates  are  therefore  substantially  in  accord  with 
the  similar  deductions  of  Messrs.  Binnie  and  Henry,  mentioned  pre- 
viously. From  an  examination  of  the  curve.  Fig.  12,  it  appears,  how- 
ever, that  the  probable  variation  from  normal,  in  records  of  from  35 
to  40  years,  is  of  such  small  amount  that  errors  due  to  observation  and 

*  Water  Supply  and  Irrigation  Paper  No.  85,  p.  18. 
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TABLE  7. — Kainfall  on  the 
Average  Quantities  for 


Station 
Average. 

Janl 

ARY. 

February. 

March. 

April. 

May. 

station. 

oiS 

Hj3 

3    . 

S'2 

a  .a 

P-^" 

S-o 

3    . 

0;= 

d  * 

§.2 

si 
< 

pi 

O  0! 
O— 1 

OS 

o  — 

■4 

13 
12 
o 

1.12 
1.28 
3.8K 

1.12 
1.28 
3.88 

0.76 
0.36 
1.92 

1.88 
1.64 
5.80 

0.89 
0.99 

1.80 

2.77 
2.63 
7.60 

2.47 
3.92 
3.72 

5.24 
6.55 
11.32 

8.66 
6.94 
9.57 

13.90 

Balboa 

13.49 

Miraflores 

20.  M9 

Pedro  Miguel 

S 

1.64 

1.64 

1.25 

2.89 

0.72 

3.61 

2.88 

6.49 

12.16 

18.65 

Rio  Grande 

e 

1.79 

1.79 

0.61} 

2.48 

0.42 

2.90 

3.05 

5.9.T 

10.54 

16.49 

20 
4 

1.92 
1.77 

1.92 
1.77 

0.56 
0.89 

S.48 
2.66 

0.75 

0.82 

3  23 

3.48 

3.78 
2.92 

7.01 
6.40 

11.11 
11.00 

18.12 

Camacho 

17.40 

Empire 

6 

28 
11 

1.02 
1.98 
1.44 

1.02 
1.98 
1.41 

0.59 
0.85 
0.69 

1.61 
2.83 
2.13 

0.57 

0.8K 
0.78 

2.18 
3.71 
2.91 

3.65 
3.62 
3,. 34 

5.83 
7  33 
6.25 

9.52 
10.89 
12.35 

15.35 

18.22 

Alhajuela 

18.60 

El  Vigia 

2 

2.3U 

2.30 

3.64 

5.94 

1.64 

7.58 

2.32 

9.110 

13.00 

22.90 

Gorgona 

(5 

2.37 

2.3? 

0.76 

3.13 

1.30 

4.43 

3.18 

7.61 

12.20 

19.81 

San  Pablo 

3 

3.37 

2.37 

1.57 

3.94 

1.81 

5.75 

5.14 

10.89 

10.09 

20.98 

Tabernilla 

3 

2.59 

3.59 

1.80 

4.. 39 

2.39 

6.78 

4.99 

11.77 

11.34 

23.11 

Bobio 

16 

6.38 

6.38 

2.18 

8.51 

2.08 

10.59 

5.84 

16  43 

13.93 

30.36 

Trinidad 

3 

4.88 

4.86 

3.70 

8.. 56 

4.41 

12.97 

6.55 

19.52 

13.47 

32.99 

Monte  Lino 

3 

5.01 

5.01 

5.33 

10.34 

5.71 

16.05 

5.94 

21.99 

14.56 

36.55 

6 

4 

4.75 

4. 87 

4.75 

4.87 

2.44 
2.38 

7.19 

7.25 

3.49 
4.40 

10.68 
11.65 

3.64 
3.56 

14.32 
15.21 

15. .39 
11.92 

29.71 

Brazos  Brook 

27.13 

Cristobal 

40 
3 

4.13 
12.57 

4.13 
12.57 

1.45 

4.74 

5.58 
17.31 

1.70 
3.60 

7.28 
20.91 

4.19 
8.56 

11.47 
S9.47 

12.31 
13.34 

23.78 

Porto  Bello 

42.81 

Nombre  de  Dios. . 

2 



the  application  of  the  data  from  a  few  stations  to  a  large  area  may 
somewhat  offset  the  accuracy  presumed  for  longer  records. 

Fig.  13  shows  graphically  the  annual  rainfall  for  five  stations 
having  the  longest  records,  and  Fig.  16  shows  the  comparative  monthly 
distribution  for  several  stations,  including  those  recorded  on  Fig.  13. 
Table  7  gives  the  mean  monthly  and  accumulated  quantities  for  each 
station. 

Of  the  31  rainfall  stations  now  operated,  17  are  supplied  with  rain 
gauges  of  the  U.  S.  Weather  Bureau  standard  pattern,  11  have  auto- 
matic gauges  of  the  tipping-bucket  type,  and  3  have  14-day  automatic 
gauges  of  Dutch  make.  The  latter  are  located  in  isolated  positions, 
where  daily  attendance  is  impracticable. 

The  Weather  Bureau  standard  rain  gauge  consists  of  a  hollow  metal 
cylinder,  8  in.  in  diameter  and  20  in.  high,  made  in  two  sections,  a 
receiver  for  catching  the  rainfall  and  an  8-in.  overflow  tank  for  storing 
any  water  that  may  accumulate  in  excess  of  the  quantity  required  to 
fill  the  measuring  tube.  The  receiver  leads  by  a  funnel  to  the  copper 
measuring  tube,  approximately  2J   in.   in  diameter,  placed   inside  the 
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ISTHJrUS  OF  PANA>rA,  IN  INCHES, 
the  Years  of  Hi'conl. 


June. 

July. 

Aug 

UST. 

September. 

October. 

Noteuber. 

December. 

h  ° 

5i 

< 

4J      • 

3    . 

32 

«  08 

ti— ' 

QJ3 

as 

•< 

oS 

u  a 

Si 

1^ 

o6 

3   . 

il 
-Jl 

8.69 

23.59 

8.18 

30.77 

7.64 

88.41 

7.49 

45.90 

10.43 

56.33 

10.94 

67.27 

4.40 

71.67 

».86 

21.85 

10.11 

31.96 

7.54 

89.50 

6.36 

45.86 

9.12 

54.98 

9.68 

64.61 

6.45 

71.06 

16.05 

36.94 

10.79 

47.78 

9.22 

56.95 

10.70 

67.55 

13.26 

80.91 

13.34 

94.25 

10.88 

105.13 

12.11 

30.76 

9.22 

39.98 

9.82 

49.80 

8.49 

58.29 

18.10 

71.39 

13.02 

84.41 

10.39 

94.80 

10.68 

27.17 

12.03 

39.20 

10.22 

49  42 

11.29 

60.71 

13.11 

73.82 

11.39 

85.21 

7.02 

92.23 

9.17 

27.29 

9.68 

36.97 

10.57 

47.54 

11.35 

58.89 

11.35 

70.24 

12.. 52 

82.76 

8.19 

90.95 

12.07 

211.47 

11.93 

41.40 

10.25 

51.65 

11.33 

62.98 

13.71 

76 .  69 

14.70 

91.39 

8.34 

99.73 

8.57 

23.St2 

10.24 

34.16 

10.14 

44.30 

7.93 

52.23 

14.16 

66.39 

11.49 

77.88 

0.61 

84.49 

9.72 

27.94 

10.42 

38.36 

12.20 

50.. 56 

10.61 

61.17 

12.77 

73.94 

12.54 

86.48 

7.31 

93.79 

ia.13 

31.73 

13.85 

45.58 

13.29 

58.87 

12.00 

78.87 

13.. 53 

84.40 

14.70 

99.10 

8.04 

107.14 

14.48 

37. 3S 

14.63 

52.01 

13.12 

65.13 

15.89 

80.. 52 

17.21 

97.73 

20.64 

118.37 

10.20 

128.. 57 

a.  02 

28.83 

11.99 

40.82 

12.37 

53.19 

13.17 

66.36 

18.10 

79.46 

14.37 

98.83 

8.41 

102.24 

10.69 

31.67 

12.21 

43.86 

10.94 

.■i4.80 

12.72 

67.62 

16.14 

83.66 

15.14 

9S.K0 

9.88 

108.68 

10.57 

33.68 

10.43 

44.11 

10.80 

54.91 

14.41 

69.32 

18.19 

87.51 

16.38 

103.89 

9.J>5 

113.74 

12.46 

42.82 

13.37 

56.19 

15.34 

71.53 

14.02 

85.55 

10.80 

102.35 

19.39 

121.74 

11.25 

132.99 

11.61 

44.60 

10.72 

55.32 

13.. 51 

68.83 

14.21 

8:^.04 

14.49 

97.53 

28.47 

121.00 

15.79 

136.79 

14.38 

50.93 

16.16 

67.09 

1?.65 

79.74 

13.32 

98.06 

14.46 

107.52 

28.68 

136.15 

14.74 

150.89 

13.88 

43.09 

13.68 

56.77 

16.10 

72.87 

10.91 

63.78 

16.91 

100.69 

24.08 

124.72 

15.  W 

140.55 

15.03 

42.16 

17.45 

59.61 

15.24 

74.85 

12.31 

87.16 

14.76 

101.92 

26.43 

128.35 

17.56 

145.91 

13.23 

37.01 

16.50 

53.51 

15.22 

68.73 

12.56 

81.29 

14.15 

95.44 

22.01 

117.45 

12.58 

130.08 

16.65 

59.46 

19.70 
17.02 

79.16 

17.17 
10.89 

96.33 

11.91 
7.31 

108.24 

8.51 
11.89 

116.75 

31.85 
20.30 

148.60 

80.07 
22.48 

178.67 

8-in.  cylinder.  When  the  measuring  tube  has  become  filled,  the  water 
is  allowed  to  overflow  into  the  larger  cylinder,  whence  it  is  drawn  off 
later  and  measured.  The  two  cylinders  are  proportioned  so  that  the 
measuring  tube  has  exactly  one-tenth  of  the  cross-section  area  of  the 
receiving  cylinder,  therefore  tV  iii-  in  depth  in  the  measuring  tube 
•represents  0.01  in.  of  rainfall.  The  quantity  of  rainfall  is  obtained 
by  measuring  the  depth  in  the  smaller  cylinder  with  a  graduated  stick, 
turning  back  into  the  smaller  cylinder  any  rain  which  maj'  have 
overflowed  into  the  larger  one. 

The  tipping-bucket  gauge  is  of  more  complicated  design.  Tt  is 
composed  of  a  metal  cylinder,  12  in.  in  diameter,  open  at  the  top,  and 
about  30  in.  high  over  all.  Inside  the  cylinder,  a  brass  bucket  is 
balanced,  having  two  compartments  of  the  same  size  and  shape.  The 
bucket  is  adjusted  to  tip  when  a  quantity  of  water  e(iual  to  -^l„  in. 
over  the  area  of  the  receiving  cylinder  has  accumulated,  and  spill  the 
contents  into  the  cylinder,  where  it  can  be  measured  with  a  stick 
as  a  check.  The  bucket  is  connected  electrically  with  a  register  on  a 
revolving  drum  on   which  is  wrapped  a  sheet  of  paper  graduated   in 
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hour-  and  five-minute  periods.  Every  tip  of  the  bucket  is  registered 
on  the  paper  by  a  pen  or  pencil,  and  as  each  mark  represents  yj^  in. 
of  rainfall,  an  automatic  record  is  obtained  of  the  time  the  storm 
begins  and  ends,  while  the  number  of  marks  gives  the  total  quantity 
and  the  rate  of  downpour  in  a  given  time. 

The  Dutch  gauges  are  of  somewhat  similar  construction,  except 
that  there  is  no  electrical  connection,  the  entire  gauge  and  recording 
devices  being  contained  in  the  same  case.  On  account  of  direct 
measurements,  the  standard  8-in.  rain  gauge  is  considered  the  most 
reliable  indicator  of  the  quantity  of  precipitation.     In  order  to  obtain 

35 
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CURVE    SHOWING  RELATIVE  ACCURACY 

OF 

RAINFALL  RECORDS  AND  PROBABLE  VARIATION 

BETWEEN  ACTUAL  MEAN  AND  THAT  CALCULATED 

FROM  RECORDS  OFGIVEN  LENGTHS,  IN  YEARS. 

Based  on  data  from  paper  by  A.R.Binnie,  Minutes  of  Proceedin 

Inst.  C.  R.,  Vol.  CIX 11892).  and  quoted  by  G.  W.  Rafter, 

JI.  Am.  Soc.  C.  E.,  Water  Supply  and  Irrigation  Paper  No.  80. 
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Percentage  ol'  error  between  actiml  and  calculated  mean. 

Fig.  12. 
some  idea  of  the  reliability  of  the  automatic  gauge,  a  standard  gauge 
(8-in.  diameter)  and  an  automatic  gauge  (12-in.  diameter),  were 
located  side  by  side  and  daily  readings  were  taken  during  August  and 
September,  1910.  During  August,  95%  of  the  measurements  in  the 
two  gauges  agreed  exactly,  and  the  remaining  5%  were  only  slightly 
at  variance  with  each  other.  The  total  monthly  rainfall  by  stick 
measurement  was  the  same  in  both  gauges.  During  September,  93% 
of  the  measurements  agreed  exactly,  while  the  total  monthly  rainfall 
by  the  standard  gauge  equalled  101%  of  the  total  by  the  tipping-bucket 
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Aumiiil  lUunlull,  in  Inches. 
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gauge.  It  appears  that  the  records  from  these  two  gauges  agreed 
about  as  closely  as  would  the  records  of  two  gauges  of  the  same  type 
if  exposed  side  by  side. 

Like  all  automatic  devices,  however,  the  records  are  only  reliable 
when  the  instruments  receive  proper  care  and  attention,  and  when 
their  peculiarities  are  known  and  accounted  for.  Some  investigation 
was  made  of  the  relation  between  the  quantity  recorded  by  the  register 
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Fig.  14. 
and  the  actual  collection  as  indicated  by  stick  measurement.  It  was 
found  that  the  ratio  depended  largely  on  the  quantity  and  character 
of  the  rainfall.  For  light  and  slow  rains,  the  automatic  registration 
accorded  closely  with  the  stick  measurement,  but  for  heavy  ra.ins,  a 
marked  deficiency  of  record  appeared  with  the  automatic  registers. 
This  loss  was  due  to  an  appreciable  quantity  of  water  which  pours 
into  the  tipped  bucket  while  it  is  tipping.  Each  bucket,  therefore,  is 
ovcr-filU'd,  and.  as  only  ^i^  in.   is  recorded   for  each  tip,  all  the  water 
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llowiiig  down  the  funnel  is  not  measured.  The  deficiency  in  the  auto- 
matic record  was  found  to  var.v  from  less  tlian  1%  to  as  much  as  8  or 
10%,  in  exceptional  cases.  There  are  other  factors,  also,  which  con- 
tribute to  defective  registration,  among  which  are  lack  of  care  in 
leveling  up  the  gauge  when  setting,  insufficient  lubrication  of  the 
moving  parts,  weak  battery  power,  and  poor  contacts  in  the  electrical 
connections.  The  records  in  Table  8  are  given  as  an  indication  of  the 
foregoing  conditions. 

TABLE  8. 


Best  Conditions. 


Date. 

Gauge. 

Gauge 
record. 

Stick 
measurement. 

Percentage 
registered. 

.\priiv.')th,  1911 

Mav  3d,  1911 

.^[ay  Uth,  1911 

May  11th,  i;"ll 

April  25th 

Culebra  automatic 

Rio  Grande  automatic. . 

2.77  in. 
1.18    " 
1.88    " 
2.21    " 
3.12    " 
1.08    " 
2.06    " 
2.92    " 

2.84  in. 
1.19    " 
1.93    " 
2.24    " 
3.12    " 
1.08    " 
2.08    " 
2.97    " 

98 
99 
97 
99 
100 

Mav  :!d 

100 

May  9th 

99 

May  nth 

98 

Worst  Conditions, 


April  4th,  1911.. 
April  ^4th,  25th. 

April  MOth 

Mav  nth 

April  24th,  19)1. 

Mav:M 

May  9ih 

May  11th 


Balboa  automatic. 


Empire  automatic. 


The  trouble  in  the  Balboa  and  Empire  gauges  was  investigated  and 
removed.  In  the  latter  case  it  was  due  to  improper  adjustment  of  the 
ratchet  wheel;  in  the  former  it  was  due  to  defective  leveling.  These 
errors  are  not  the  fault  of  the  instrument,  but  carelessness,  inattention, 
or  ignorance  would  fail  to  detect  them,  and  the  records  would  be  mis- 
leading. On  this  account  the  total  quantity  of  rain  caught  by  the 
gauge  is  always  measured  by  stick,  and  this  reading  is  used  in  the 
records.  The  automatic  record  is  used  only  to  find  the  time  the 
shower  began  and  ended,  and  determine  the  rates  of  downpour  during 
various  periods. 

As  it  was  desirable  to  get  rainfall  records  from  isolated  locations, 
where  daily  attention  was  not  practicable  and  where  the  expense  of  a 
long-period   gauge   was   not   warranted,   some   investigation   was   made 
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as  to  the  loss  by  evaporation  from  a  standard  rain  gauge  if  the  readings 
were  taken  at  intervals  of  2  weeks  or  longer.  During  November,  1910, 
the  rainfall  was  allowed  to  accumulate  in  the  standard  rain  gauge  at 
Culebra,  measurements  being  made  on  the  15th  and  30th  of  the  month. 
The  total  monthly  rainfall  by  standard  gauge  showed  a  quantity  slightly 
in  excess  of  the  total  by  the  tipping-bucket  gauge,  which  was  close 
by,  the  collections  in  which  were  measured  daily  by  stick  before  dump- 
ing. In  other  words,  the  nightly  accumulation  from  dew  and  fog  in 
the  standard  gauge  more  than  equalled  the  evaporation  during  the 
day.  It  seems,  therefore,  that  semi-monthly  measurements  of  the 
accumulation  in  a  standard  rain  gauge  during  the  rainy  season  will 
give  the  total  monthly  rainfall  with  a  fair  degree  of  accuracy.  On 
account  of  the  construction  of  the  standard  rain  gauge,  its  contents 
are  well  insulated  from  the  effects  of  solar  radiation  until  the  inner 
tube  is  filled,  the  capacity  of  the  latter  being  equivalent  to  2  in.  of 
rainfall,  and,  therefore,  it  seems  that  fairly  reliable  results  may  be 
obtained  during  the  dry  season  by  visiting  the  gauges  only  if  necessary 
two  or  three  times  a  month. 

In  regard  to  the  collection  from  dew  and  fog,  an  appreciable 
quantity  of  moisture  is  gathered  by  night  over  the  receiving  surface 
of  a  rain  gauge.  This,  however,  enters  only  occasionally  into  monthly 
tables,  because,  if  there  has  been  no  rain  during  the  night,  the  moisture 
which  has  gathered  in  the  automatic  register  is  thrown  out  by  the 
observer  in  the  morning  unmeasured.  The  only  time  this  quantity 
does  appear  is  when  rain  has  fallen,  and  then  it  is  impossible  to 
separate  the  precipitation  from  the  two  sources.  The  nightly  accumu- 
lations from  fog  and  dew  are  greatest  during  foggy  and  clear  nights 
and  least  during  cloudy  nights.  The  quantities  range  from  zero  to 
as  much  as  0.01  in.  for  a  night.  The  average  for  the  rainy  season  is 
estimated  to  be  about  0.005  in.  per  night,  or  0.15  in.  per  month.  This, 
of  course,  does  not  mean  that  there  is  an  equivalent  of  0.15  in.  of 
rainfall  over  the  whole  land  surface  from  fog  and  dew;  it  merely 
means  that  the  thin  metal  surface  of  the  rain  gauge  has  cooled  rapidly 
by  outward  radiation,  that  the  warmer  air  coming  in  contact  therewith 
has  been  suddenly  cooled,  and  the  vapor  condensed  and  precipitated  on 
the  surface  of  the  gauge. 

In  order  to  get  information  concerning  rainfall  conditions  at  the 
heads  of  streams,  three  14-day  automatic  rain  gauges,  manufactured  in 
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Holland,  wore  purchased.  These  gauges  have  now  been  in  operation 
more  tlian  one  year,  and  the  following  notes  are  submitted  regarding 
their  value  in  scouring  automatic  rainfall  records  at  interior  points 
which  cannot  be  visited  except  at  infrequent  intervals. 

The  clocks  which  actuate  the  drums  on  these  registers  were  designed 
to  run  14  days  without  rewinding,  but  experience  has  shown  that  they 
cannot  be  depended  on  in  this  climate  for  periods  of  more  than  10 
days.  Thus  it  has  been  found  necessary  to  visit  these  gauges  at  least 
three  times  a  month. 

The  drums  are  driven  at  such  a  slow  speed  that  during  heavy  rains, 
so  frequent  in  tropical  coimtries  such  as  the  Canal  Zone,  the  bucket 
tips  so  fast  that  the  record  is  blurred  and  the  individual  tips  cannot 
be  counted.  The  bhirrod  and  indistinct  character  of  the  record  makes 
it  always  difficult  and  at  times  impossible  to  determine  accurately  the 
quantity  of  rain  falling  during  heavy  showers. 

Certain  parts  of  the  registering  apparatus  have  been  found  to  get 
out  of  order  readily,  and  various  parts  deteriorate  rapidly  from  rust 
and  other  causes  when  exposed  to  the  climatic  conditions  obtaining  on 
the  Isthmus.  When  parts  of  these  gauges  become  worn  or  broken, 
it  is  very  difficult,  if  not  impossible,  to  secure  new  parts  to  replace 
them,  as  neither  the  gauge  nor  any  of  its  parts  are  manufactured  in 
the  United  States.  If,  however,  a  standard  gauge  is  placed  by  the 
side  of  the  14-day  automatic  gauge,  as  a  check,  it  is  possible  to  get 
daily  automatic  records  of  dependable  accuracy. 

Long-continued  rain  storms  extending  over  a  large  area  are  of  infre- 
quent occurrence  in  the  Canal  Zone.  The  rainfall  is  usually  in  the  form 
of  showers  of  limited  extent,  and  it  has  been  found  that  the  topography 
and  the  location  of  the  rain  gauge  are  most  important  factors  in 
getting  correct  results.  To  investigate  this  matter  somewhat,  records 
from  a  set  of  four  gauges  located  in  Empire  were  compared.  These 
gauges  are  placed  almost  in  a  straight  line  northeast  and  southwest, 
and  across  the  valleys  of  the  Obispo  and  Camacho  Eivers  from  hill  to 
hill.  No.  1  is  on  the  east  side  of  the  Canal  not  far  from  the  Empire 
suspension  bridge,  at  about  Elevation  190.  No.  2  is  the  permanent 
gauge  from  which  the  official  records  are  taken,  and  is  about  1  000  ft. 
southwest  of  No.  1,  and  on  top  of  a  hill,  Elevation  330,  on  the  west 
side  of  the  Canal,  not  far  from  the  Division  Office.  No.  3  is  about 
2  600  ft.  southwest  of  No.  2,  and  is  in  the  corral  yard.  Elevation  220, 
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a  most  excellent  exposure.  No.  4  is  at  Camacho  Reservoir,  Elevation 
370,  and  is  about  4  600  ft.  southwest  of  No.  3.  Gauges  Nos.  1  and  3 
are  in  the  valleys,  while  Nos.  2  and  4  are  on  the  hills,  but  the  extreme 
difference  in  elevation  is  not  more  than  200  ft.  Table  9  shows  the 
records,  in  inches  per  month,   obtained  from  these  gauges: 

TABLE  9. — Eecords  of  Eain  Gauges  at  Empire. 


Month. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

7.98 
(j.44 
6.96 
5.97 
15.37 

5.98 
4.00 
5.98 
5.46 
14.97 

6.43 
5.94 
8.50 
6.20 
18.05 

4.62     ■ 

July 

6.62 

August 

7.«a 

6.97 

October 

18.81 

^     .a 

i      -gs 

g        &H 

t       i-S^ 

3                E3.2 

■^      C« 

O           WOM 

1.1  'Sd/i 

31.0  31.9-35.9-36.9 

Pig.  15. 

17.1 


From  inspection,  it  seems  possible  that  the  annual  rainfall  hitherto 
recorded  at  Empire  may  be  from  12  to  15%  too  low.  Table  10  gives 
information  of  a  similar  character,  but  mostly  illustrating  the  limited 
extent  of  some  of  these  tropical  downpours.  The  records  were  obtained 
from  Gatun  and  stations  in  the  vicinity  during  a  heavy  rain  on  May 
23d,  the  distances  given  being  in  an  air  line  from  Gatun  Evaporation 
Station  No.  2.  (Gatun  Evaporation  Stations  Nos.  1,  2,  and  3  are 
located  on  the  surface  of  the  water  in  Gatun  Lake.) 


rapors.! 
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Station. 

Kainfall, 
in  inches. 

\ir  line  distance, 
in  miles. 

Direction. 

(iatun  Evaportitioii  Station  No.  2. 
"  3 
•'    1. 

(iatun  Spillway 

Mi)tite  Lirio 

4.05 
3.30 
1.70 
0.S9 
3.75 
t.90 
3.75 
2.42 

0.00 
0.65 
1.20 
1.70 
2.90 
5.00 
5.90 
6.90 

OriRin. 
S.  E. 
N.  W. 

N.  W. 

N   E 

Brazos  Brook 

N   E. 

S.  E. 

Cristobal 

North. 

The  diagram,  Fig.  16,  shows  the  frequency  of  heavy  downpour  on 
both  sides  of  the  Isthmus.  It  will  be  seen  that  the  heaviest  rains 
occur  on  the  Atlantic  side,  and  that  there,  too,  are  to  be  found  the  least 
number  of  days  without  any  rain  at  all.  This  diagram  represents 
average  conditions. 


5.5 


FREQUENCY  OF   HEAVY  DOWNPOUR 

AVERAGE.   1905-1910.    INCLUSIVE. 


0     10     20    30    40     50     60     70     80     90    100   110  120  130  1 10  1.50   160   170  180   V.K)  JJOO 
.■\verajje  number  of  days  per  year  with  precipitation  above  a  tjiveu  quantity. 

Fro.   10. 

Storms  giving  a  greater  precipitation  than  G.UU  in.  on  the  Atlantic 

or  4.50  in.  on  the  Pacific  side  in  24  hours  are  of  infrequent  occurrence. 

During  the  past  five  years  (June,  1906,  to  July,  1911),  there  have  been 

78  storms  in  which  the  precipitation  has  exceeded  4.00  in.     Of  these, 

41   have   had   a  precipitation   of   not   more   than   r).oo   in.,   and   70  not 

more  than  7.50  in.     The  rainfall  in  each  of  the  remaining  storms  was: 

one  not  more  than  8.00  in.,  one  not  more  than  8.50  in.,  four  not  more 
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COMPARATIVE  MONTHLY  DISTRIBUTION  OF  PRECIPITATION 
Average  for-Period  ending  Jan.  1,  1910-Years  of  Record 
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than  9.00  in.,  and  two  not  more  than  11.00  in.  During  this  poriod  the 
rainfall  on  the  Pacific  side  has  exceeded  4.50  in.  at  one  or  more  stations 
on  six  different  dates,  or  an  average  of  a  little  more  tlian  once  each 
year.  On  the  Atlantic  side  the  rainfall  has  exceeded  6.00  in.  at  one 
or  more  stations  on  fifteen  different  dates,  or  an  average  of  about  three 
times  per  year.  It  appears,  therefore,  that  a  rainfall  of  6  in.  in  24  hours 
is  of  not  infrequent  occurrence  during  the  year,  and  that  twice  in 
5  years  a  downpour  of  from  10.50  to  11  in.  may  be  expected.  Fig.  14 
is  a  graphical  representation  of  the  extreme  maximum  limits  of  rain- 
fall durinu   the  years  of  record. 


AVERAGE    MONTHLY    RAINFALL  AT  SELECTED  STATIONS  FOR  YEARS  OF  RECORD 

24r 


Jan. 


F.eh.     Mar.     Apr.     May    June    July    Aug.    Sept.     Oct.      Nov.    Dec. 


Fig.  18. 


Fig.  18  shows  the  average  monthly  rainfall  at  four  stations  having 
long-time  records.  These  stations  indicate  such  conditions  as  are  found 
from  ocean  to  ocean  across  the  Isthmus,  and  show  that  even  in  the  so- 
called  dry  season  there  is  an  appreciable  quantity  of  rainfall.  The 
diagrams.  Figs.  19  and  20,  show,  respectively,  the  maximum  and  mini- 
mum monthly  precipitation  for  the  years  of  record  for  the  stations 
mentioned  above.  The  greatest  quantity  recorded  in  the  Zone  was 
at  Colon  in  November,  1862.  Quantities  exceeding  this,  liowcver,  were 
recorded  at  Porto  Bello  in  1909,  where  45.03  in.  fell  in  November  and 
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58.17  in.  ill  December.     The  total  annual  rainfall  for  this  station  in 
1909  was  237.28  in.,  which  is  the  maximum  of  record  on  the  Isthmus. 


TABLE  11. — Maximum  Kainfall  in  the  Canal  Zone, 
October  1st,  1905,  to  June  30tii,  1911. 


stations. 


Ancon, 

(October  1st,  1905).. 

Balboa. 

(June  10th,  1900 1.... 

Pedro  Miguel. 

(January  1st.  1908).. 

Rio  (irande. 

(December  29th.  1905 

Culebra, 

(July  1st,  1906) 

Empire, 

(July  18th,  190(5) 

Gamboa, 

(November  18th.  1905; 

Alhajuela, 

(March  31st,  1907)... 

San  Pablo, 

(November  1st.  1907) 

Tabernilla. 

(November  1st,  1907) 

Bohio, 

(October  1st.  1905).. 

Gatun, 

(August  24th.  1907 ».. 

Cristobal. 

(October  1st,  1905).. 

Poito  Bello, 

(May  1st.  1908) 


Maximum  Rainfall. 


5  Minutes. 


Date. 


0.64  Aug.  7.  1908. 
0.63  I  Aug.  7.  1908. 
0.60  Nov.  11,  lt!08. 
0.75  July  24,  1908. 
0.64  May  2.  1908. 
0.60    July  35,  1906. 


0.59 
0.60 
0.60 
0.50 
0.67 
0.61 
0.64 
0.64 


July  27,  1908. 
July  30.  1909. 
Oct.  29.  1908. 
Oct.  31.  1909. 
June  16.  1909. 
July  16,  1008. 
Aug.  35.  1909 
Aug.  7.  1908. 


1  Hour. 


2.89 
5.86 
:!.30 
2.74 
3.69 
3.63 
3.33 
3.40 
3.10 
3.09 
4.51 
3.83 
4.90 
3.77 


Date. 


Aug.  7, 
June  2, 
Aug.  27, 
Apr.  25, 
Oct.  16, 
Oct.  1, 
May  11, 
Dec.  28. 
Oct.  29, 
Aug.  18, 
Aug.  7. 
May  26, 
Oct.  8. 
Aug.  7, 


1908. 
1906. 
1908. 
1911. 
1907. 
1909. 
1911. 
1909. 
1908. 
1908. 
1908. 
1910. 
1909. 
1908 


24  Hours.t 


6.37 
7.57 
4.56 
6.00 
5.55 
6.15 
6.56 
8.19 
5.14 
6.22 
8.85 

10.48 
8.53 

10.86 


Date. 


Nov.  16-17,  1906. 
Nov.  16-17,  V.m. 
Sept.  30-()ci.   1.  191)9. 
Dec.  2-3,  1906. 
Dec.  3,  1906.* 
Dec.  3,  19U6  * 
Dec.  2-3.  19(Hi. 
Dee.  3,  1906.* 
Nov.  11-1?,  1909. 
Sept.  4-5,  1910. 
Aug   7-8.  19118. 
Dec.  3,  1906.' 
Dec.  2-3,  1906. 
Dec.  28-29,  1909. 


Note.— Dates  in  parentheses  under  station  names  refer  to  installation  of  automatic 
rainfall  registers. 

*No  automatic  record  on  these  dates.    Total  for  24  hour»  ending  at  noon. 
+  Maximum  rainfall  fof  any  24  consecutive  hours. 

In  Table  11  may  be  found  the  record  of  the  ina:xiinuiii  niinrall^  in 
tlic  Canal  Zone,  October  1st,  1905,  to  June  30th,  1911,  for  jieriods  of 
5  luin.,  1  hour,  and  24  hours.  The  curves  on  Fig.  13  show  the  relative 
distribution  of  excessive  precipitation  with  relation  to  geographical 
location.  Table  12  gives  the  periods  of  maximum  rainfall  for  Cristobal, 
Gamboa,   and  Bohio. 

Table  13  is  compiled  from  the  reports  of  the  U.  S.  Weather  Bureau, 
and  is  given  for  the  purpose  of  showing  the  mean   monthly   rainfall 
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MAXIMUM    MONTHLY    RAINFALL  AT  SELECTED    STATIONS   FOR   YEARS  OF    RECORD 


^(1900) XIPSS) 


(1897) 


Jan.      Feb.     Miir.      Apr.     May      June     July     Aug.    Sept.      Oct.      Nov.    Dec. 

Fig.   19. 


MINIMUM    MONTHLY  RAINFALL  AT  SELECTED    STATIONS  FOR  YEARS  OF   RECORD 


JuQ.      Feb.     Mar.     .Vpr.      May     June     July     Aug.     Sept.     Oct.     Nov.    Dec. 

Fig.  20. 
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at  selected  stations  covering  geographically  the  whole  of  the  United 
States.  It  is  commonly  believed  that  the  rainfall  on  the  Isthmus 
and  in  the  tropics  generally  is  very  much  heavier  than  in  the  United 
States  and  the  temperate  zone.  There  are  several  areas,  however, 
in  different  parts  of  the  United  States,  where  the  average  annual  rain- 
fall equals  or  exceeds  that  on  certain  parts  of  the  Isthmus,  and  this  is 
especially  noticeable  when  compared  with  the  Ancon  (Panama)  records. 
The  average  and  maximum  annual  rainfall  records  at  a  few  selected 
stations  are  given  in  Table  14. 

The  line  between  the  dry  and  rainy  seasons  is  neither  constant  nor 
clearly  marked.  In  some  years  the  dry  season  begins  as  early  as  the 
middle  of  December,  and  in  others  not  until  toward  the  end  of  Janu- 
ary. The  dry  season  usually  begins  early  on  the  Pacific  side,  and  on 
the  Atlantic  side  it  has  a  tendency  to  lag  considerably  behind.  This 
accounts  for  some  of  the  freshets  in  the  Chagres  during  January  and 
February,  when  conditions  in  the  interior  do  not  seem  to  warrant  their 
occurrence.  During  the  first  6  months  of  the  rainy  season,  the  rain 
comes  in  heavy  local  showers,  and  the  downpour  is  usually  of  short 
duration.  In  November  and  December,  rains  of  a  more  general 
character  occur,  which  cover  wide  a,reas  and  at  times  have  a  duration 
of  24  hours  or  more.  The  intensity  of  precipitation,  however,  is 
much  less  than  that  of  the  local  showers  of  the  preceding  months. 

Summarizing  partly,  from  Table  11,  "Maximum  Rainfall  in  the 
Canal  Zone,"  Table  15  shows  the  stations  which  recorded  the  extreme 
limits. 

As  has  been  stated  previously,  severe  rainstorms  of  general  distri- 
bution are  not  frequent  on  the  Isthmus.  The  storm  of  December  2d 
and  3d,  1906,  was  the  heaviest  of  record  in  the  Canal  Zone.  This 
storm  produced  one  of  the  greatest  of  the  Chagres  Eiver  freshets, 
and  interrupted  work  for  a  very  considerable  period,  besides  bodily 
damaging  the  railroad  and  other  works.  The  quantities  recorded 
are  given  in  Table  16. 

Table  17  shows  that,  as  a  rule,  the  heavy  downpours  are  of  an  ex- 
tremely local  character,  and  an  examination  of  the  records  indicates 
this  condition  during  showers  of  recent  occurrence. 

In  connection  with  what  has  been  stated  regarding  the  quantity 
of  rainfall,  it  may  be  interesting  to  note  that  the  location  of  the 
heaviest   known    rainfall   in    the   world   is    in   the   district   of   Assam, 
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TABLE   13. — Mean  Annual  Rainfall,  in   Inches,  by 


District. 

1 

2 

3 

4 

5 

City. 

1 
"S 
o 
03 

03 
1 

1 

5 

0. 

o 

'> 
q 

o 

CO 

o 

1-5 

V 

o 
a 
M 

c8 

a 
a 
"5 

0 

5 

c 
t» 

6 

3 

Years  of  Record. 

96 

39 

38 

56 

38 

74 

51 

88 

57 

73 

3.74 
3.51 

4.14 
H  81 

3.23 
3.35 
3.43 
2.92 
3.30 
3.37 
4.14 
4.69 
3.36 
3.01 
3.11 
3.U7 

3.30 

3.78 
4.35 
3.31 
4.13 
4.12 
5.91 
6.05 
4.01 
3.75 
2.76 
3.42 

2.82 
3.25 
3.39 
2.70 
3.93 
5.64 
6.37 
6.60 
8.16 
4.60 
2.21 
3.86 

4.78 
4.75 
5.29 
4.47 
3.74 
4.27 
4.07 
4.03 
2.86 
3.54 
3.51 
4.04 

3.27 

3.18 
3.77 
3.30 
3.96 
4.20 
3.77 
3.61 
3.79 
2.59 
3.19 
3.38 

2.52 
3.61 
2.95 
2.73 
3.78 
3.95 
3.80 
3.09 
3.75 
2.96 
3.32 
2.74 

2.08 
1.73 
2.06 
2.13 
3.20 
3.57 
3.06 
3.74 
3.61 
3.08 
3.72 
3.44 

1.77 
2.04 
2.73 
3.14 
3.S8 
3.78 
3.98 
3.14 
3.60 
3.24 
2.31 
3.15 

0  89 

February 

0.79 
1.44 

3  41 

3.66 
3.14 
3.51 
4.15 
3.44 
3  71 

3  41 

June 

July 

4.10 
3.53 

3.47 

3.3(1 

1.99 

4.11 
3  78 

1.38 

0  97 

Totals 

44.70 

40.88 

49.29 

52.53 

48.35 

40.91 

38.10 

33.42 

34.75 

27.60 

British  India.  The  portion  of  the  district  affected  is  comparatively 
small  in  area,  and  is  in  the  foot-hills  on  the  south  slope  of  the  Himalaya 
Mountains.  The  average  annual  rainfall  there  is  about  475  in.,  and 
the  total  for  individual  years  has  exceeded  800  in.     Practically  all  the 

TABLE   14. — Average  and  Maximum   Annual  Rainfall 
AT  A  Few  Selected  Stations. 


station. 

Location. 

Annual  Rainfall  for  Years 
OF  Record,  in  Inches. 

Average. 

Maximum. 

Cristobal 

130.03 
138.45 
75.63 
75.35 
71.67 
70.24 
69.84 
66.19 
61.80 
60.92 
60.21 

183.41 

Clearwater.  Wash 

Pacific  Coast 

1.51.. 50 

Bowmans  Dam,  Cal 

Astoria,  (^re 

West  Slope,  Qascade  Mountains 

135.70 
108.30 

Ancon 

Canal  Zone 

91.42 

Ashford.  Wash 

McKenzie  bridge.  Ore 

Moline,  Fla 

West  Slope,  Cascade  Mountains 

West  Slope,  Cascade  Mountains — 
North  Gulf  Coast 

H4.25 
86.11 

77.27 

Mobile,  Ala 

North  Gulf  Coast 

91.18 

Franklin,  La 

North  Gulf  Coast 

79.51 

Hatteras,  N.  C 

South  Atlantic  Coast 

102.04 
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Months,  at  Selected  Stations  in  the  United  States. 
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Ph 
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ea 

1 

Q 
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d 

5 

fl 

2 

O 

■d 

a 

J 

i 

r. 

^$ 

« 

£ 

TC 

29 

28 

74 

39 

39 

50 

42 

.37 

35 

60 

60 

58 

1.10 

0.60 

1.00 

4.54 

1.13 

3.41 

0.42 

1.56 

0.48 

1.33 

1.76 

4.82 

6.32 

1.37 

0.45 

0.66 

4.28 

1.19 

S.Q'i 

0.47 

1.96 

0.47 

1.48 

1.96 

3.63 

4.90 

1.87 

0.67 

0.83 

4.56 

1.55 

2.90 

0.29 

1.71 

0.96 

2.04 

1.40 

3.32 

4.74 

•3.92 

1.23 

1.06 

4.53 

2.ai 

3.07 

0.19 

0.82 

2.09 

2.07 

0.61 

1.08 

2.94 

4.49 

2.15 

2.13 

4.06 

5.14 

3..S6 

0.28 

0.55 

2.57 

2.16 

0.34 

0.74 

2.3H 

.5.15 

3.01 

2.26 

5.39 

3.72 

4.19 

0.59 

0.24 

1.46 

0.77 

0.06 

0.02 

1.77 

4.22 

1.96 

1.13 

6..=)3 

3.14 

3.96 

1.67 

2.85 

1.64 

0.50 

0.06 

0.02 

0.75 

4.21 

1.32 

0.69 

5.65 

2.97 

4.75 

1.88 

3.20 

1.35 

0.85 

0.11 

0.02 

0.58 

3.58 

0.92 

1.13 

4.49 

3.14 

5.72 

1.64 

1.05 

0.90 

0.91 

0.08 

0.31 

1.69 

2.42 

0.:k 

0.77 

3.25 

2., 58 

4.33 

0.87 

0.78 

0.97 

1.43 

0.34 

1.03 

3.11 

2. 09 

0.56 

0.76 

3.81 

1.79 

3.90 

0.57 

1.11 

0.56 

1.39 

0.95 

2.62 

6.00 

1.38 

0.57 

0.79 

4.54 

1.66 

3.70 

0.44 

1.57 

0.60 

1.40 

1.83 

4.64 

7.21 

34.80 

14.86 

13.21 

55.63 

30.85 

46.31 

9.31 

17.40 

14.05 

16.33 

9.56 

22.83 

42.45 

rain  falls  in  the  6  months  of  the  summer  monsoon,  May  to  October, 
inclusive.  The  maximum  daily  record  for  this  section  is  reported 
as  39  in. 

TABLE  15. — Extreme  Limits  of  Rainfall. 


Period. 


5  minutes 

1  hour 

Ii4  hours. . . 
I  month. . 
1  year 


Amount,  in 
inches. 


Station. 


Date. 


0.75 

5.86 

10.86 

58.17 

237.28 


Rio  Grande, 
Balboa, 
Porto  Bello, 


July,  1908. 
June,  1906. 
Dec..  1909. 
1909. 
Year,  1909. 


TABLE  16.— Rainfall  in  Storm  of  December  2d  and  3d,  1906. 


station. 

Inches. 

Station. 

1 
Inches. 

1 

Station. 

Inches. 

A 

3.18 
5.58 
5.53     1 
6.29 

Bohio 

Brazos  Brook 

Balboa 

6.13 
8.96 
2.41 
5.55 

Empire 

6.15 

Alhaiuela 

8.19 

Gatun 

10.48 

Culebra 

Cristobal 

8.47 
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TABLE  17.^ — Local  Character  of  Heavy  Downpours. 


station. 

Rainfall. 

Station.               Rainfall. 

Distance 
between 
stations, 
in  miles. 

Date. 

2.44 
5.45 
4.05 
6.76 
3.21 
2.94 
3.25 

Gatun 0.01 

San  Pablo 1.27 

6.4 
3.5 
1.2 
6.0 
4.0 
2.5 
0.8 

May  6th,  1911 

May  13th,  1911 

Gatun* 

Monte  Lino 

Gamboa 

Gatun 0.89 

Brazos  Brook 0.97 

Empire 0.52 

Brazos  Brook 0.84 

Culebra 1.62 

i 

Mav23J,  1911 
Feb.  8th,  1910 
July  3d,  1910 

Cristobal 

Rio  Grande 

Oct.  5th,  1910 
Nov.  11th,  1910 

*  Evaporation  Station  No.  2. 

Eun-Off. 

All  the  water  that  flows  in  a  stream  comes  from  the  rainfall,  but 
by  no  means  all  the  rainfall  finds  its  way  into  the  stream.  What 
proportion  ultimately  does  appear  depends  on  many  conditions  and 
combinations,  the  principal  factors  of  which  are  elevation,  topography, 
geology,  and  vegetation.  The  proportions  of  the  rainfall  ordinarily 
found  running  in  northern  streams  may  be  seen  in  Table  18,  abstracted 
from  the  Report  of  the  Board  of  Public  Works,  Philadelphia,  Pa. 

TABLE   18.— Average   Annual   Yields   of   Sundry   Water-sheds  to 
October  1st,  1908. 


Watersheds. 


^ 

O  c8 

•IB 

at 

c8  O 

S.S 

(J)  o 

o  a 

■<  a 

a>_r 

03  0.9 

^ 

c 

i* - 

fc>  ^  ''-' 

o-c 

M 

'^■B 

<!« 

25 

152.0 

47.179 

23.276 

49.313 

25 

139.3 

48.113 

23.111 

48.C33 

25 

102.2 

48.751 

27.264 

55.920 

10 

1  915.0 

48.139 

21.564 

44.800 

33 

7.5.2 

45.99 

22.887 

48.680 

Average  yield, 

in  cubic  feet 

per  second  per 

square  mile  of 

drainage. 


Average  yield, 

in  cubic  "feet 

per  second  per 

square  mile  of 

drauiage  area, 

for  each  inch 

of  rainfall. 


Perkiomen,  at  Fred- 
erick  

Neshaminy,  below 
Forks 

Tohickon 

Schuylkill 

Sudbury,  Mass 


1.7104 

1.6979 
2.1963 
1.5842 
1.6451 


0.0360 

0.0350 
0.0450 
0.0330 
0.0380 


It  appeal's  that,  in  streams  of  the  character  of  those  in  Table  18, 
from  45  to  55%  of  the  rainfall  is  ordinarily  collectable,  and  that  the 
yield  may  be  taken  as  from  1.5  to  2.2  cu.  ft.  per  sec.  per  sq.  mile  of 
drainage  area.  In  the  case  of  the  Isthmian  streams,  for  the  past 
10  years,  the  ratio  of  average  annual  run-off  to  rainfall  has  been  more 
than  60%,  and  the  average  annual  yield  per  square  mile  of  the  Chagres 
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Kivrr  has  averaged  between  5.75  and  6.06  cu.  ft.  per  see.,  with  some 
nionthlj'  averages   of  nearly   twiee  as  much. 

For  the  purpose  of  measuring  the  discharge  of  the  rivers  and 
streams,  gauging  stations  have  been  maintained  at  Gatun,  Boliio,  Gaui- 
boa,  and  Alhajuehi,  all  on  the  Chagres  River  proper.  River  stage 
stations  have  also  been  maintained  at  Lagartera,  on  the  Trinidad 
River,  and  at  Monte  Lirio,  on  the  Gatun  River,  where  several  gaug- 
ings  per  month  are  usually  taken.  Besides  this,  a  hydrographer  makes 
regular  trips  to  tlie  principal  secondary  streams  for  the  purpose  of 
gauging,  the  intention  being  to  get  measurements  at  different  gauge 
heiglits.  On  account  of  back-water  from  the  lake,  the  Trinidad  and 
Gatun  River  station.-^  were  abandoned  in  April,  1911,  and  December, 
1910,  respectively,  after  records  had  been  obtained  for  about  4  years 
at  each  place.  Bohio  was  abandoned  as  a  gauging  station  in  October, 
1910,  but  is  still  uuiintained  as  a  river  stage  station.  Automatic 
water  stage  registers  are  in  operation  at  all  the  regular  stations,  and 
a  continuous  record  of  river  heights  has  been  obtained  since  gaugings 
were  begun. 

A  meter-rating  station  is  maintained  at  Bohio,  and  all  meters  used 
on  the  work  are  rated  and  adjusted  as  nearly  as  possible  at  rt>gular 
intervals. 

The  regular  field  work  is  carried  on  by  the  hydrographers  in  chargi' 
of  the  several  stations,  and  after  being  worked  up,  the  data  obtained 
are  sent  to  the  central  office  for  checking  and  filing.  Gaugings  are  made 
frequently,  and  at  as  many  different  elevations  as  possible,  in  order 
to  cheek  the  discharge  curves.  This  course  is  necessary  on  account 
of  the  continuously  changing  cross-sections  of  the  river  bed.  due  to 
the  shifting  gravel  bars.  Cable  stations  are  maintained  at  Gatun, 
Gamboa.  and  Alhajuela.  and  the  gauging  is  done  from  ears,  except  in 
very  low  water,  when  wading  or  a,  boat  is  resorted  to.  All  other  gaug- 
ings are  made  by  wading,  under  ordinary  conditions,  and  by  estimate 
of  quantity  passing  under  bridges,  in  times  of  freshet. 

At  Gatun  the  entire  run-off  from  the  Chagres  Basin  has  passed 
through  the  spillway  since  April,  1910,  and  gaugings  have  been  made 
regularly.  Up  to  the  dry  season  of  1911,  and  before  the  installation 
of  the  cable,  gaugings  were  made  from  a  boat.  During  periods  of 
extremely  low  water,  it  was  possible  to  work  in  the  spillway  itself, 
where,  on  account  of  the  even  flow  and  the  shape  of  the  concrete  sec- 
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tion,  very  good  measurements  of  the  minimum  discharge  of  the  stream 
in  1911  were  obtained.  At  the  same  time  simultaneous  gaugings  were 
made  at  the  cable  station  below,  and  from  comparison  with  the  spill- 
way gaugings,  it  appeared  that  the  results  at  the  regular  station  were 
satisfactory. 

Tables  19  to  30,  inclusive,  give  the  discharge  measurements  in 
various  units  for  the  Chagres  River  at  Alhajuela,  Gamboa,  Bohio,  and 
Gatun.  Unless  otherwise  noted,  the  quantities  are  from  actual  gaug- 
ings— floats  previous   to   1907,  and   current   meter  work   subsequently. 

CROSS-SECTIONS  OF  CHAGRES  RIVER 

AT 

ALHAJUELA  GAUGING  STATION 

(LOOKING  UP-STREAM.) 

AREA 
100 


94 


92 


1 

Dec 
Dec 
Jan 
Mai 

(.to  El.  100) 
.  4th          1006 
.  18th         1084 
.  4th           12(50 
.  28tli         12(K) 

J 

\\ 

r 

tr 

1 

I 

^<;^ 

^^^ 

^^909 

^ 

^       — ^ 

\y 

XX^ 

3 


Distance, from  Initial  Point,  in  Feet. 
Fig.  21. 

The  discharge  measurements  for  the  stations  on  the  Trinidad  and 
Gatun  Rivers  for  the  years  of  record  are  given  in  Tables  31  and  32. 
The  Chagres  River  above  Bohio  has  a  constantly  changing  bed,  and 
in  order  to  get  reliable  measurements  and  estimates  of  the  flow  it  is 
necessarj'  to  be  constantly  on  the  watch  for  changes  in  cross-section. 
After  every  freshet  there  is  a  change,  and  oftentimes  of  a  most  re- 
markable character.  Some  idea  of  this  condition,  perhaps,  may  be 
found  from  the  fact  that  from  one  bar  the  Panama  Railroad  dredged 
some  60  000  cu.  yd.  of  gravel  in  1909,  90  000  cu.  yd.  from  the  same 
place  in  1910,  and  about  95  000  cu.  yd.  in  1911.  This  gravel  is  dredged 
and  stored   during  the  dry   season   to  be   used   as   ballast   on   the  new 
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railroad  location.  In  spite  of  the  removal,  the  pit  is  filled  again  during 
early  flood  season  hy  most  excellent  gravel  of  various  sizes,  and,  of 
course,  cleanly  washed.  The  cross-sections  shown  by  Figs.  21  to  24, 
inclusive,  were  taken  at  the  several  stations,  as  required  by  the  gauging 
work,  and  show  the  variations  in  area  due  to  freshet  scour.  This  action 
is  perhaps  best  illustrated  by  comparing  the  cross-sections  taken  on 
December  18th,  1909,  and  January  4tli.  1910,  before  and  after  one 
of  the  largest  freshets  recorded  on  this  river.  This  rise  began  at  Al- 
hajuela  on  December  26th,  and  in  the  9  days  intervening,  up  to  Jan- 
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iiary  4th,  when  the  cross-section  was  taken,  there  had  been  a  change 
in  area  of  176  sq.  ft.  below  Elevation  100.  The  Gamboa  station  was  nol 
in  operation  at  this  time,  but  between  December  21st,  1910.  and  Feb- 
ruary 13th,  1911,  there  was  an  increase  of  95  sq.  ft.  in  section  at  this 
station,  due  to  a  smaller  freshet  which  caused  high-water  conditions 
for  about  12  hours.  The  relation  of  change  in  cross-section  is  illus- 
trated by  the  curves  of  area,  velocity,  and  discharge  for  Gamboa  shown 
by  Fig.  25.  These  curves  are  made  up  from  actual  gaugings,  and  the 
change  in  cross-section  producing  the  change  in  discharge  can  be  seen 
by  inspection  of  Fig.  22. 
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At  Bohio  the  conditions  are  very  different  from  those  in  the  upper 
river.  Here  the  river  hed  has  very  little  slope,  and  the  material 
carried  along  by  the  flood  is  alluvium  and  fine  sandy  clay.  Besides  this, 
the  conditions  are  greatly  modified  by  the  large  quantity  of  material 
from  the  canal  excavation,  which  is  dumped  directly  into  the  river  and 
carried  down  stream.  This  has  resulted  in  filling  the  bed  to  a  greater 
extent  than  would  otherwise  have  been  the  case.  The  changes  in  cross- 
section  due  to  the  various  causes  are  shown  by  Fig.  23,  the  maximum 
change  being  about  200  sq.  ft.  below  Elevation  +  3  during  the  period 
between  May  24th  and  December  23d,  1909.  Since  April,  1910,  back- 
water conditions,  and  consequent  lessening  of  the  current,  have  re- 
sulted in  a  comparatively  rapid  filling  of  the  bed  at  this  point.  On 
account  of  construction  work  at  Gatun,  it  has  been  rather  difticult  to 
find  a  permanent  gauging  section  at  this  station.  Although  the  con- 
ditions of  bottom  and  flow  were  not  ideal,  the  best  location  seemed 
to  be  in  the  spillway  channel  below  the  concreted  portion.  Here  the 
bottom  was  rather  rough,  and  a  little  back-water  was  found  near  shore 
on  each  side.  The  eddies,  cross-currents,  and  waves,  which  were  found 
farther  up  in  the  concreted  portion,  due  to  bridge  piers  and  other  ob- 
structions, were  absent  at  the  site  chosen,  and  this  location  seemed  to 
have  the  most  advantages.  A  profile  of  the  bottom,  taken  on  February 
28th,  1911,  and  the  horizontal  velocity  curves  taken  on  February  lltli, 
21st,  and  28th,  at  different  elevations  of  the  lake  surface,  are  shuwii 
by  Fig.  24. 

During  the  21  years  of  record  and  estimate,  for  which  tlie  discharge 
tables  have  been  made  up.  Alliajuela,  Gamboa,  and  Bohio.  had  the 
maximum  discharge  year  in  1909,  and  Gatun  in  1910.  This  condition 
was  brovight  about  by  the  fact  that  the  rainfall  and  consequent  run-off' 
which  took  place  in  November  and  December,  1909,  was  especially 
large  during  the  latter  part  of  December,  1909.  This  caused  an  excess 
of  flow  at  the  upper  stations  for  the  last  part  of  the  calendar  year, 
1909,  but  much  of  the  water  was  not  delivered  at  Gatun  until  the 
following  January,  thus  appearing  to  bring  up  the  average  of  the  cal- 
endar year,  1910.  The  river  year,  1909-10,  however,  was  the  year  of 
maximum  run-oft'  at  all  stations.  The  year  of  minimum  run-off'  was 
1905  at  all  stations,  and  the  year  of  minimum  dry-season  run-off  was 
1908.  The  interrelation  of  these  periods  of  discharge,  as  compared 
with  each  other  and  with  the  mean  discharge  for  the  period,  is  shown 
l)y  Figs.  2(t  t(i  29,  iiichisiv(>.     Froin  those  it  may  be  seen  that  the  ratio 
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of  the  annual  minimum  and  maximum  discharge  at  Alhajuela  is  about 
3.25,  at  Gamboa  3.40,  at  Bohio  2.56,  and  at  Gatun  2.50,  decrease  down 
the  river  being  due  to  the  regulation  of  the  flood  discharge  by  flowage 
and  storage  in  the  swamps  and  low  areas.  All  the  diagrams  show  the 
influence  of  the  heavy  rainfall  during  November  and  December,  1909. 
Figs.  30  and  31  show  the  conditions  of  discharge  duration  for  the 
period  used  for  Alhajuela  and  Gatun,  together  with  the  mean  discharge 
of  the  several  months  placed  in  order  of  dryness.  Comparing  the  dia- 
grams, it  is  seen  that  the  discharge  of  the  three  dry  months  at  Alha- 
juela is  about  one-half  that  of  the  whole  drainage  basin,  while  the 
average  discharge  at  Gatun  is  about  three  times  that  at  Alhajuela. 
which  is  about  the  same  as  the  ratio  of  the  respective  drainage  areas. 
These  conditions  of  minimum  and  average  discharge,  when  considered 
with  relation  to  the  character  of  the  country  in  the  upper  and  lower 
portions  of  the  drainage  basin,  offer  additional  evidence  of  the  harmful 
effect  of  swamps,  as  far  as  conservation  of  water  is  concerned,  al- 
though their  value  as  flood  regulators  has  been  indicated. 

TABLE  33. — Kun-off  Past  Gatun,  Arranged  in  Pkriods  of 
Maximum  Flow. 


Period. 

Date  of  Period  (inclusive). 

Discharge,  in 

cubic  feet  per 

second. 

1  Month  

2  Months 

December,  1893 

November  1st,           to  December  3lst,  1909 

30  037 
27  135 

a       '•         

October      1st,            "  December  31st,  li)09 

22  287 

4     ■•      : 

October      1st,  1909,  "  January     31st,  1910 

19  650 

5        "          

August        1st,            "  December  31st,  1893 

18  470 

6        "          

July             1st.            "   December  31st,  1893 

17  460 

July             1st,  1893,  '•  January     3 1st,  1894 

16  (iOO 

8  "          

9  '•          

10        "          

June            1st,  1893.  '■  January     31st,  1894 

May              1st,  1893,  ■'  January     31st,  1894 

April            1st,  1893,  "  January     31st,  1894 

15  530 
14  650 
13  740 

11        •'          

April            1st,  1893,  "    February  28th,  189 1 

12  743 

1  Year 

February    1st,  1893.  "  January     31st,  1894 

11  948 

2  Years     

March         1st.  1893,  '•   February  28th,  1894 

March          1st,  1892,  "   February  28th,  1895 

11  366 

3      '•           

10  736 

4      "           

November  1st,  1891,  "  October     31st,  1895 

10  003 

February    1st,  1890,  "  Januarv     31st,  1895 

9  89u 

6  "           

7  "            

March          1st,  1890,  "  February  ■-'9th,  1H96 

January      1st,  1890,  "  Defiember  31st,  1896 

M460 
9  070 

8      '•            

May             1st,  1890,  •'  April          30th,  189s 

8  951 

9      "            

January      1st,  1890.  "   December  31st,  1898 

8  632 

10      "            

January      1st,  1890,  "   December  31st  1899 

8  318 

11       "            

January      1st.  1890,  "  December  31st,  1900 

8  080 

12      "           

May             1st.  1890,  "   April          30th,  1902 

8  020 

13  '•            

14  "            

January     1st,  1890,  "   December  31st,  1903 

May             1st,  1890,  "  April          30th,  190t 

7  840 
7  780 

15      "            

Januarv      1st,  1890,  '^   December  31st,  1904 

7  6b0 

Ifi      "            

January     1st,  1890,  "   December  31st,  1905  

7  485 

17      "            

January      1st,  1890,  '■   December  31st,  190(i 

7  430 

18      '•            

January      1st,  1890,  "   December  31st,  1907 

7  340 

19      "            

January      1st,  1893,  "   December  31st,  1910 

7  481 

20      "            

January      1st,  1891,  "   December  3ist,  1910 

7  472 

21       '•            

Januarv     1st,  1890,  "  December  31st,  19i0 ' 

7C02 
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TABLE  34. — Run-off  Past  Gatux,  Ahhaxokd  ix  Pkkiods  of 
Minimum  Flow, 


The  critical  period  in  maximum  discharge  appears  to  be  a  space  of 
about  1  month  in  the  case  of  Gatun ;  that  is,  a  fairly  uniformly  in- 
creasing discharge  can  be  expected  for  about  11  months  of  the  yor. 
with  the  rate  in  the  twelfth  month  greatly  in  excess. 

At  Alhajuela  this  period  of  excess  flow  is  of  shorter  duration,  being 
only  about  10  months  out  of  the  252  recorded,  or  an  average  of  about 
15  days  per  year. 

Fig.  32  shows  the  interrelations  of  discharge  at  the  four  main  sta- 
tions on  the  Chagres  River. 

Figs.  33,  34,  and  35  show  the  cycle  of  monthly  average  discharge,  or 
the  average  hydrograph,  for  the  years  of  record.  From  these  and  the 
preceding  diagrams  the  probable  quantity  of  water  available  for  power 
is  easily  seen.  For  the  design  of  spillway  and  discharge  channels,  abso- 
lute maximum  conditions  are  required,  and  these  may  be  found  in 
Table  35. 
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CHAGRES  RIVER  DRAINAGE  BASIN 

CURVES  OF   DISCHARGE   DURATION 

FOR   PERIOD  OF  TWENTY-ONE  YEARS 

1890  TO   19;0,  INCLUSIVE, 

ALhAJUELA 

Note:-  Full  line  shows  number  of  months  that 

discharge  has  been  above  a  given  quantity. 
Broken  line  shows  mean  monthly  discharge 

in  order  of  dryness. 
From  1890  to  April.  1899,  mean  montlily  discliarfes  estima 

.•d 

from  mean  of  measured  discliarges,  or  Gainlioa.Alhajuela  ratios. 

Since  Apr.,  1899,  cNcoptin;,'  1906.  means  from  station  discliarjje 
curves.  Previous  to  Mar.,  1907,  all  discharges  measured  by  floats. 

Since,  current  meter  measurements  have  been  made. 
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CHAGRES  RIVER  DRAINAGE  BASIN 

CURVES  OF  DISCHARGE  DURATION 
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FOR  PERIOD  OF  TWENTY-ONE  YEARS 
1890  TO   1910    INCLUSIVE 

Bohio  is  for  period  of  twenty  years,  1890  to  1009. 
Full  lilies  show  number  of  months  that  discharge 
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CHAGRES  RIVER  DRAINAGE  BASIN 

(427  SQUARE'  MILES) 
CYCLE  OF  AVERAGE  MONTHLY  DISCHARGE 
FOR  PERIOD  OF  TWENTY-ONE  YEARS 
1890  TO   1910,   INCLUSIVE. 
ALHAJUELA 
Note:- l?rom  1890  to  April,  1899,  mean  monthly  discharges 
estimated  from  mean  of  measured  discharges,  or 
Gamboa-Alhajuela  ratios.  Since  Apr.,  1899,  e.xcepting_ 
1906,  means  from  station  discharge  curves.  Previous, 
to  Mar.,  1907,  all  discharges  were  measured  by 
Boats.  Since  that  date   current  meter  measure-^ 
~  Tuents  have  been  made 
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TABLE  35. — Maximum  Eates  of  Eun-off  ix  Chagres  Eiver  Drainage 
Basin,  During  Freshets  Beginning  December  26th,  1909,  and 
February  12th,  1911. 

Discharge  =  Cubic  Feet  per  Second. 
Height  =  Elevation  above  Mean   Sea  Level. 


AlhajueL'\. — Drainage  Are 

A  =  427 

8q.  Miles. 

Date. 

Time. 

Height. 

Momentary  rate  ot 
discharge. 

24-Hour  rate  of 
discharge. 

December  26th,  1909. . 
December  3(ith,  1909. . 
February  12th,  1911.. 

7    P.M. 
11    A.M. 
11    P.  M. 

121.00 
112.00 
105.50 

I             170  000 
97  200 
43  600 

95  700 
43  590 
17  280 

Bohio Drainage  Area  =  779  Sq.  Miles. 


December  27th 
December  31st 
February  13th 


78  400 
38  600 


Gatun. — Drainage  Area  = 

=  1  820  Sq.  Miles. 

Date. 

Time. 

Height. 

Momentary  rate  of 

run-oflf  (storage  + 

discharge). 

24-Hour  rate  of 

run -off  (storage  + 

discharge). 

December  28th 

December  31sl 

February  ISth 

9  A.M. 
9   A.  M. 
4  P.M. 

19.65 

17.7 

15.7 

124  000 
60  000 
38  860 

94  000 
57  000 
21530 

Floods  are  of  frequent  occurrence  in  the  Chagres  Basin,  and  from 
1879  to  1906,  General  Abbot*  records  eight  rises  having  a  maximum 
discharge  of  more  than  40  000  cu.  ft.  per  sec.  at  Gamboa.  Subsequent 
to  this  period,  there  have  been  other  similar  floods^those  of  Novem- 
ber and  December,  1909.  That  is,  there  have  been  eleven  great  floods 
in  the  Chagres  in  30  years,  or  an  average  of  about  one  every  3  years. 
The  most  important  recent  flood,  and  the  one  which  gave  the  maxi- 
mum recorded  gauge  height,  was  that  of  December  26th,  1909.  This 
was  accurately  observed  in  all  its  conditions,  and  the  data  and  results 
are  believed  to  be  the  most  reliable  record  of  any  flood  on  the  Chagres 
Eiver.  The  flood  was  the  last  of  a  series  of  three,  all  of  which  can 
be  classed  as  great,  and  their  occurrence  between  November  11th  and 
December  31st,  1909,  is  an  indication  of  the  conditions  for  which 
it  is  necessary  to  provide  in  tropical  water  supply.    During  the  period, 


*  "  Problems  of  the  Panama  Canal."  p.  155. 
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it  is  estimated  that  128  000  000  000  cu.  ft.  of  water  were  discharged 
past  Gatun.  This  quantity,  if  delivered  under  the  present  conditions 
of  Gatun  Lake  (water  surface  +  15)  and  with  no  outlet,  would  fill 
the  lake  to  about  Elevation  +  'J'3,  or  to  within  14  ft.  of  maximum 
lake  level  (+  87).  Hydrographs  of  two  of  these  floods  and  mass-curves 
of    discharge    are    shown    on    Plates    III    and    IV.       These    hydro- 

340 
320 


FLOOD  DISCHARGE  CURVES 

ALHAJUELA  DRAINAGE  AREA  =  427  SQ.    MILES. 
BOHIO  "  "      =779    <'  11 

NOV.,  1909. 


16       24      32      40       48       56      64       72      80 
Hours. 


104     112    120 


Fig.   36. 

graphs  are  typical  of  the  Chagres  Eiver  freshets,  and  a  study  of  them 
presents  some  very  interesting  facts.  Figs.  36  and  37  show  these 
conditions,  and  indicate  two  distinct  types  of  freshet  discharge  which 
are  probably  of  not  infrequent  occurrence  in  a  long  term  of  years,  al- 
though they  have  been  unusual  during  the  period  in  which  authentic 
records   are  available.     The  freshet  of  November,   1909,  was  of  com- 
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CoruparLson  with  Flood 

of  Dec,  1906 

Maximum  Heights,  in  Feet 

above  Mean  Sea  Level 

Station      Dec.  1906     Nov.  1909 

Alhajuela 119.3. 111.4 

Gamboa 81.6 73.6 

Bohio 38.6 37.3 

Gatun , 31.5 
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panitivoly  longer  duration  and  of  more  widely  distrihutod  rainfall  than 
that  of  the  sneccedinfi-  Tnontli,  althoui;h  the  crest  height  at  all  stations 
was  less  than  that  of  the  Docemher  freshet.  For  the  November  rise, 
however,  the  discharge  past  Gatun  was  nearly  50%  more  than  that  of 


24  28  32 
Hours. 
Pig.  37. 

December.  The  duration  of  those  extensive  flows  is  a  matter  of  con- 
siderable interest,  and  the  length  of  time  the  rate  of  run-off  equalled 
or  exceeded  a  given  rate  is  shown  by  the  figures  on  the  horizontal  lines 
included  between  the  discharge  lines. 
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On  comparing  these  two  curves  on  this  basis,  it  is  seen  that  in 
November  the  flow  was  more  than  100  cu.  ft.  per  sec.  per  sq.  mile  for 
40  hours,  while  in  the  case  of  the  December  freshet  this  rate  was 
equalled  or  exceeded  for  only  19^  hours.  During  this  time,  however, 
the  range  above  the  100  was  three  times  that  of  the  previous  month. 
It  appears,  therefore,  that,  in  caring  for  freshet  flows  in  these  localities, 
provision  must  be  made  for  a  rate  of  run-off  per  square  mile  of  at  least 
300  cu.  ft.  per  sec.  per  sq.  mile  continuing  for  20  hours,  and  that  total 
discharges  of  32  000  000  cu.  ft.  per  sq.  mile  for  water-sheds  having  an 
area  of  400  sq.  miles,  and  26  000  000  cu.  ft.  per  sq.  mile  for  those 
of  twice  this  area,  delivered  in  from  4  to  5  days,  are  not  uncommon. 
In  the  Northern  States,  if  provision  is  made  for  a  run-off  of  6  in. 
per  24  hours,  it  is  thought  to  be  conservative.  The  freshet  of  December, 
1909,  delivered  at  about  twice  this  rate.  The  curves,  of  course,  are 
only  a  different  way  of  presenting  the  data  already  shown  in  Plate 
III  and  Fig.  36  (Chagres  River  freshet). 

The  Chagres  River  freshets  are  usually  not  a  single  rise  and  fall 
of  the  river,  but  a  series  of  rises  following  each  other  more  or  less 
closely,  depending  on  the  rainfall  and  the  portion  of  the  drainage  area 
in  which  the  storm  begins  or  is  centered.  The  smaller  rises  which 
appear  are  often  due  principally  to  the  fact  that  the  larger  rises  have 
so  closely  preceded,  and  in  many  cases  the  former  would  not  have 
been  so  noticeable  except  for  the  fact  that  the  ground  had  just  been 
so  thoroughly  soaked  that  most  of  the  rainfall  found  its  way  very 
quickly  into  the  stream.  Table  37  shows  the  total  run-off  at  Alhajuela, 
Bohio,  and  Gatun  for  the  freshet  of  December  26th,  1909,  and  another 
of  February  12th,  1910.  This  latter  freshet  is  principally  remarkable 
for  occurring  during  the  period  when  rainfall  and  stream  flow  are 
usually  at  the  minimum  condition,  while  the  former  freshet  occurred 
during  the  period  of  maximum  rainfall  and  river  flow.  The  columns 
under  Item  (1)  show  the  actual  discharge  conditions,  while  those 
under  Item  (2)  give  the  estimated  discharge  due  to  the  freshet  in  addi- 
tion to  the  normal  river  flow,  estimating  the  latter  from  the  gauge 
height  just  before  and  after  the  rise.  In  the  absence  of  rain  gauges 
on  the  area  above  Alhajuela,  the  rainfall  seems  to  be  best  estimated 
by  taking  the  average  of  the  Porto  Bello  and  Alhajuela  records.  In 
the  freshet  of  December  26th,  this  rainfall  was  about  19.50  in.,  and 
the  discharge  due  to  the  particular  conditions  at  this  time  was  about 
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DIAGRAM  OF  FRESHET  HEIGHTS  AND  MASS-CURVES 
CHAGRES  RIVER,  DEC.  26,  1 909- JAN.  8,  1910. 


Comparison  with  Flood 

of  Dec,  1906 

IMaxlmum  Heights,  in  Feet 

above  Mean  Sea  Level 

Station      1906  1909-10 

Alhajuela.liy.S 131.0 

Gamboa 81.6 78.3 

Bohio 38.6. 

Gatun 19.6 
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17.18  in.,  showing  that  nearly  this  entire  rainfall  was  flischargerl  dur- 
ing- the  period  of  4  or  5  days  succeeding.  An  inspection  of  Table  36 
will  sh(nv  that  the  rise  of  December  26th-27th  was  due  tn  rainfall 
which  was  quite  general  over  the  basin,  while  that  of  the  20th  was  due 
almost  entirely  to  rainfall  in  the  extreme  eastern  part  of  the  territory, 
ill  the  neighborhood  of  Porto  Bello.  This  latter  condition  was  also 
true  in  the  freshet  of  February,  1910,  when  4.38  in.  of  rain  fell  at 
Porto  Bello,  1.62  in.  at  Alhajuela,  and  less  than  i  in.  elsewhere  in  the 
whole  basin. 


TABLE  37. — Ciiac;hes  ravKR  Drainage  Basix. 

Freshets  Beginning  December  2GTir.  1009,  and  February  12tii,  1911. 

Accumulated  Discharges. 


Date. 


Alhajuela. 


Drainage  area  =  427 
sq.  miles. 
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Item  (1)  Including  the  Kiver  Flow  at  Time  Freshet  Began. 


Dec.  Seth-Jan.  StU 
14  days. 

28.40 

66.5 

28.56 

31.0 

39.8 

17.22 

40.0 

30.3 

13.02 

Feb.12th-Feb.15th 
3.5  days. 

2.35 

5.5 

2.35 

3.02 

2.28 

0.98 

Itkm  (2)  XoT  Including  Kivek  Flow— Actual  Kun-off  Duk  to 
Freshet. 


Dec.  26th-Jan.  8th 
14  days. 

17.27       40.45 

17.18 

18.66 

23.96 

io.:;o 

25.06 

19.00 

i.8;s 

8.18 

Feb.  12th-Feb.  15th 
3.5  days. 

1.92         4.51 

1.94 

2.41 

0.78 

The  freshet  of  December  26th  gave  the  greatest  momentary  dis- 
charge at  all  gauging  stations,  while  that  of  jSTovember  gave  the  great- 
est quantity  of  water.  The  comparative  relations  of  the  former  are 
given  in  Table  38. 
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Maximum  Discharge  for 
Short    Period. 

Ratio 

ro  Mean  Discharge. 

Cubic  feet 
per  second. 

Cubic  feet 

per  second 

per  square 

mile. 

December. 

Annual. 

Minimum 
month. 

170  000 
124  000 

39K 
94 

37.3 
10.0 

66.0 
16.4 

222 

76 

Fig.  38  shows  the  hydrograph  and  discharge  curves  for  the  "dry 
season"  freshet  of  February,  1910,  and  it  is  interesting  to  note  that 
the  total  run-off  at  Gatun  was  about  one-fourth  of  the  discharge  of  the 
"wet  season"  freshet  of  December,  1909.  Figs.  39  and  40  .show  the 
surface  slope  of  the  Chagres  River  during  freshet  periods,  with  the 
crest  at  various  places.     The  time  the  crest  passed  the  gauging  stations 


FRESHET  HEIGHTS  AND  MASS  CURVES 
CHAGRES  RIVER-FEB.,  1911 


Noon  Mdt.  Noon  JUdt.  Noon 

Feb.l2  Feb.l3  Feb.U  Feb.lo 

Days  of  Month 
Fig.   38. 

is  given  on  Fig.  39,  and  from  this  it  is  possible  to  note  the  progress 
of  the  crest  down  the  river.  Table  39,  for  the  freshet  of  December 
26th,  1909,  shows  these  data  in  concrete  form. 

The  Gamboa  station  had  not  been  established  in  December,  1909, 
but  the  flow  past  the  station  at  Alhajuela  had  a  mean  maximum 
velocity  of  13. .57  ft.  i)cr  sec.  or  more  than  four  times  that  with  which 
the  crest  moved  down  stream.     In  the  lesser  rise  of  February,  1911,  the 
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mean  maximum  velocity  at  Alhajuela  was  7.85  ft.  per  sec,  and  at 
Gamboa  6.66  ft.  per  sec.,  while  the  crest  moved  between  these  stations 
at  a  rate  of  2.35  miles  per  hour,  or  3.45  ft.  per  sec. 

TABLE  39. 


Station. 

Distance 

from 
preced- 
ing sta- 
tion, in 
miles. 

Time  of  crest. 

Time  to 

next 
station, 
in  hours. 

Mean  Velocity. 

Surface  Slope,  in 

feet  per  mile. 

Crest  at: 

Miles  per 
hour. 

Feet  per 
second. 

Alha- 
juela. 

Gamboa 

Alhajuela 

Oamboa 

0.0 
10.75 
19.00 

7  p.  M.  26th 

Midnight  2Dth 

11  A.  M.  27th 

0.0 
5.0 
11.0 

0.0 
2.14 
1.73 

0.0 

3.14 

2.54 

0.0 
4.25 

2.68 

0.0 

3.75 

2.56 

The  foregoing  facts  are  of  especial  interest  in  the  study  of  river 
hydraulics,  and  appear  to  indicate:  (1)  That  flood  crests  move  down 
stream  with  about  the  same  velocity,  irrespective  of  gauge  height,  due 
to  the  configuration  of  the  average  cross-section  and  the  meanderings 
of  the  stream.  (2)  That  the  actual  mean  stream  velocity  is  absolutely 
dependent  on  the  gauge  height.  In  the  high  rises  in  the  Chagres 
River,  the  maximum  current  velocity  at  any  point  may  be  more  than 
four  times  that  of  the  crest,  and  gradually  decreases  in  rate  with  the 
gauge  height  until,  on  the  low  flows,  the  two  velocities  practically 
coincide. 

Run-off  or  stream  flow  depends,  not  only  on  the  quantity  of  precipi- 
tation, but  also  on  its  distribution  throughout  the  period  under  con- 
sideration. In  the  case  of  the  Chagres  River  freshets,  it  has  been 
shown  that  after  a  period  of  heavy  rainfall  the  ground  has  become  so 
thoroughly  saturated  that  nearly  all  of  a  subsequent  storm  may  pass 
quickly  to  the  stream.  On  the  other  hand,  after  a  period  of  drought 
and  dry  weather,  oftentimes  very  little  of  the  rainfall  finds  its  way 
to  the  stream,  or  else  it  comes  so  slowly  as  to  be  unnoticed.  While 
excessive  downpours  of  short  duration  may  be  disastrous  to  small 
reservoirs  in  some  cases,  as  a  general  proposition,  they  are  so  local 
in  their  happenings  as  to  be  of  interest  mainly  in  combination  with 
the  design  of  sewers  and  drains.  The  effect  of  such  conditions,  there- 
fore, is  best  studied  on  small  areas.  The  Rio  Grande  Reservoir  and 
water-shed  have  offered  opportunities  for  such  investigation.  This 
reservoir  is  about  1  mile  south  of  Culebra,  at  the  extreme  head-waters 
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of  the  Rio  Grande.  The  top  of  the  spillway  is  at  Elevation  2'.'>'j.-2,  and 
the  surface  of  the  lake  can  be  raised  3  ft.  by  the  use  of  flash-boards. 
At  the  latter  elevation  the  area  of  the  reservoir  surface  is  about 
0.09  sq.  mile,  and  the  total  area  of  the  basin  above  the  dam  and  includ- 
ing the  reservoir  is  3.15  sq.  miles.  The  land  area  is  wholly  uninhabited, 
is  covered  with  tropical  vegetation  and  second  growth,  and  is  repre- 
sentative of  the  ordinary  woodland  conditions  which  obtain  in  the 
greater  part  of  the  river  basins  on  the  Isthmus. 

TABLE   40. — Excessive  Rainfall  and  Run-off  in   the 

Rio  Grande  Basin. 
Drainage  Area  above  Gauging  Station  =  2.36  Sq.  Miles. 


Rainfall. 

Mean  Discharge. 

(i> 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

do) 

_p 

S-.: 

Period  of 

2^ 

c 

S"^  ? 

pi, 

,    o     ^r 

Date,  1911. 

Duration 
of  storm. 

maximum 
rare. 

O  3 

£o  2  . 
■^  ^  n 

CO  tf 

9-  i. 

a  « 

3-- 

2  cS  D 

"-  p. 

■S2 

Cub 

per  s 

per  s 

m 

Hrs. 

Min. 

Hrs. 

Min. 

April  25th. 

3.13 

3 

15 

2.70 

18.75 

12 

7.94 

0.15 

5.0 

Mav  9th... 

2.08 

1 

55 

2.06 

23.03 

15 

9.76 

0.23 

11.0 

31av  11th.. 

2.97 

3 

15 

2.45 

1 

00 

35.40 

24 

15.00 

0.56 

19.0 

May  1.3th.. 

1.50 

2 

35 

0.61 

2 

10 

70.80 

24 

30.00 

1.12 

72.0 

Mav  25ih.. 

2.73 

2 

4 

4.04 

1 

00 

59.20 

24 

25.10 

0.93 

34.0 

Mav  auth. . 

1.25 

4 

30 

2.85 

0 

38 

11.77 

48 

4.99 

0.37 

29.7 

.luly  (ith... 

1.45 

0 

50 

2.60 

0 

32 

20.82 

48 

8.82 

0.66 

45.2 

July  8th... 

0.98 

1 

10 

1.61 

0 

32 

17.76 

48 

7.52 

0.56 

57.0 

Aug.  22d.. 

2.13 

4 

20 

15.53 

0 

8 

18.77 

72 

7.95 

0.89 

41.7 

July  21st.. 

'     0.77 

0.50 

5 

0.24 

0.0039 

0.21 

July  23d... 

0.83 

,      1 

1 

15 

1.56 

0 

25 

2.07 

12 

0.88 

0.016 

2.00 

While  there  are  several  small  brooks  running  directly  into  the 
reservoir,  most  of  the  area  is  tributary  to  the  main  stream  for  quite  a 
distance  above  high  water.  A  short  distance  above  this  point  a  river 
stage  register  was  established,  the  area  tributary  from  above  being 
2.36  sq.  miles,  or  about  78%  of  the  total  land  area.  There  is  an  auto- 
matic rain  gauge  on  the  shore  of  the  lake,  about  3  mile  east  of  the 
register  station.  A  gauging  section  was  established  near  the  register, 
and  a  sufficient  number  of  gaugings  were  made  to  fi.x  the  dischargt' 
curve  and  rating  table.  In  Table  40  are  shown  the  record  and  distri- 
bution for  some  of  the  most  severe  storms  which  have  occurred  since 
the   station    was    installed.      Attention    is    called    particularly    to    the 
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progressive  increase  in  the  ratio  of  run-oft"  to  rainfall.  Column  10. 
Near  the  end  of  the  dry  season  there  had  been  only  3.34  in.  of  rain 
since  February  15th,  and  2.38  in.  of  this  had  been  in  a  sudden  down- 
pour. The  ground,  therefore,  was  parched  and  dry,  and  the  vegetation 
eager  for  moisture.  On  April  25th,  3.12  in.  of  rain  fell  in  3  hours  15 
min.,  but  only  5%  appeared  as  run-off  in  the  stream.  As  the  rains 
became  more  frequent  and  the  depleted  ground  storage  became  filled,  a 
progressively  greater  quantity  appeared  in  the  stream  flow  until  about 
July.  A  ratio  of  about  45%  had  been  reached  then,  and  the  percentage 
of  run-off  afterward  oscillated  above  and  below  this  mark,  depending 
on  the  rainfall  and  the  quantity  of  water  stored  in  the  ground.  The 
ratio  of  72%  appearing  from  the  storm  of  May  13th  is  due  to  the 
heavy  rainfalls  just  previous,  which  had  not  fully  been  cared  for  eitlier 
by  storage  or  surface  flow.  The  data  concerning  the  storms  of  July 
21st  and  23d  are  also  of  interest  as  an  indication  of  the  almost  com- 
plete loss  of  a  considerable  quantity  of  water  to  stream  flow  and  water 
use.  This  condition  is  due  to  the  excessively  dry  period  of  June  and 
July,  when  the  rainfall  was  considerably  below  normal.  It  is  indirect 
proof  of  the  large  water  requirements  of  vegetation,  and  may  be  con- 
sidered as  a  total  loss  to  the  lake.  A  study  of  the  ground-water  con- 
ditions showed  that  little,  if  any,  of  this  rain  appeared  as  run-off, 
although  the  rvm-oft'  probably  benefited  indirectly  by  a  lessened  demand 
on  the  ground  reservoir  for  vegetation. 

The  storm  of  May  25th  was  rather  notable  for  the  quantity  of  rain 
falling  in  a  short  time,  and  the  conditions  of  run-off  are  those  which 
ordinarily  obtain  from  storms  of  this  character.  It  occurred  at  a  time 
when  the  ground  reservoir  was  considerably  filled  and  tlie  demands 
of  vegetation  would  not  be  out  of  the  ordinary.  Certain  facts  con- 
cerning this  storm  are  shown  by  Fig.  41.  The  total  rainfall  was  2.73  in., 
of  which  a  little  more  than  2  in.  fell  in  1  hour.  The  rain  began  at 
12.12  p.  M.,  and  0.29  in.  fell  in  26  min.,  no  run-off  being  appreciable  on 
the  river  gauge.  The  rain  again  began  at  2.54  p.  m.,  and  at  4.32  p.  m. 
2.44  in.  had  fallen.  At  3  p.  m.  the  river  gauge  registered  a  flow  of 
1.3  cu.  ft.  per  sec,  and  at  this  time  the  discharge  began  to  increase. 
The  maximimi  flow  came  at  4.15  p.  m.,  the  gauge  showing  a  rise  of 
5.31  ft.  and  a  discharge  at  the  rate  of  380  cu.  ft.  per  sec.  The  stream 
flow  did  not  return  to  its  original  discharge  until  3  p.  m.  of  Afay  30th, 
a  period  of  5  days.    From  4.30  p.  ]\r.  of  the  25th  to  3  p.  m.  of  May  30th, 
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0.18  in.  of  rain  fell  between  2  a.  m.  and  10  p.  m.  of  tli<'  iCih.  As  tin- 
0.15  in.  of  rain  that  fi'll  on  May  2r)th.  prior  to  the  |n-inc;ii)al  down- 
pour,  (lid    not    aflfect   the  stream   tlow,   it    is  probable   that    the  0.18   in. 
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EXCESSIVE   RAINFALL  AND  RUN-OFF 

UPPER   RIO  GRANDE 

MAY  25,    1911. 

Total  Rainfall  and  Kiui-off  by  15  luinutf  pLTimls. 

Accumulated  Rainfall  and  Run-off  for  1<I  hours. 
(Note:-  For  24  hours,  Kun^jft  ?32^  of  Rainfall.) 


9       10      11       12 


1        2 

A.M. 
Time,  in  IIoui"8. 

Fig.   41. 


falliiifi-  9i  hours  later  also  had  so  little  effect  as  to  be  nej,diyilile. 
Assuming  this  condition,  the  rainfall  between  2.54  p.  if.  and  4.30  p.  M., 
May  25th,  caused  a  run-oil,  which,  beginning  at  3   p.   yi..  May  25th. 
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The    ratio  oF  discliarti'e   to   i-aiiifall   wa> 
Till'  ratio  of  tiiiu'.   run-off  to  rainfall   was 


44      per  cent. 


66.4 


reached  a  maximum  at  4.15  p.  :m.  of  the  same  day,  and  its  effect  was 
noted  in  the  stream  flow  up  to  3  a.  m.  of  May  30th.  That  is,  2.43  in. 
of  rain  falling  in  1  hour  38  min.,  at  an  average  rate  of  1.76  in.  per  hour, 
caused  a  run-off  of  1.07  in.  in  108  hours,  at  an  average  rate  of  about 
0.01  in.  per  hour. 

1.07 

l.OS 

IJin 

The  flow  past  the  gauging  station  showed  the  following  quantities 
passing : 

12%  of  the  total  rainfall  and  30%  of  the  total  run-off  in 

18%  "      "  "  "          "  40%    "      "       "  "        " 

20%  "      "  "  "          "  45%    "      "       " 

27%  "      "  "  "         "  60%    "      ''       "  "       " 

44^^  "      "  "  "          "  100%    "      "       "  "        " 

The  storm  of  May  25th  was  only  an  ordinary  tropical  rainfall  cover- 
ing a  comparatively  small  area,  and  of  common  occurrence  during  the 
rainy  season.  It  has  been  given  in  detail  only  because  its  progress 
was  carefully  watched,  and  is  an  indication  of  average  conditions.  The 
rise  of  more  than  5  ft.  in  1]  hours,  with  a  discharge  increased  nearly 
300  times,  is  similar  to  conditions  frequently  encountered  on  water- 
sheds of  limited  extent. 


2  hours. 


4 

10 

108 


TABLE  41. — Areas  op  Water-sheds. 


Drainage  north  of  continental  divide. 


Drainage  south  of  continental  divide. 


Water-shed. 


Upper  Chagres. 

Pequini 

Chilibre 

Gatuncillo  

La  Pviente 

Frijoles 

Frijolito 

Frijoles  Grande 


Square 
miles. 


Water-shed. 


212 
189 

54 

38 

22 

10.2 

3.75 


Pedro  !\Iiguel. 

f!ardenas 

Caimeto 

Cocoli 

L.  Rio  Grande 


Square 
miles. 


10.9 
10. B 
18.6 
12.4 
10.4 


The  relation  between  the  rainy-  and  dry-season  discharges  of 
streams  is  particularly  interesting  in  its  bearing  on  water  supply,  and 
the  use  to  which  it  can  be  put  in  regard  to  stream  flow  and  res?rvoir 
storage.     Figs.  42,  43,  and  44  show  these  conditions  graphically,  and 
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little  description  seems  necessarj-.  It  appears  that  the  exlreiiie  low 
flows  last  for  comparatively  short  periods,  and  while  in  many  cases  the 
discharge  of  the  stream  through  the  dry  months  is  very  well  sustained 
from  ground  storage,  in  otlier  cases  rivers  draining  considerable  areas 
almost  cease  to  flow.  The  areas  of  the  several  drainage  basins  are  given 
in   Table  41. 

It  is   worthy  of  notice  that  the   streams  south  of  the  continental 
divide  and  flowing  into  the  Pacific  Ocean  generally  have  a  much  less 
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dry-season  discharge  than  those  on  the  northerly  side.  As  mentioned 
in  the  discussion  on  rainfall,  this  condition  is  due  to  the  prevailing 
winds  and  to  the  fact  that  the  northerly  side  is  the  windward  side  of 
the  Cordillera. 

The  relations  of  rainfall  and  run-off  in  the  basin  seem  to  be  best 
presented  in  diagrammatic  form.  The  run-off,  as  measured  and  esti- 
mated at  the  several  principal  stations,  ha^  been  given  in  Tables  19 
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to  32,  inclusive,  and  the  rainfall  or  record  in  Tables  7  to  11. 
Figs.  45  to  50,  inclusive,  show  the  run-off  in  the  Chagres  Basin  for  the 
average  year  aJid  for  oth(>r  critical  jn-riods  at  Alhajuola  and  Gatun. 
Before  studying  the  river  relations,  it  was  necessary  to  have  the 
quantity  of  rainfall  on  the  area  considered.  An  estimate  of  this,  based 
on  the  actual  records  from  the  stations,  weighted  for  their  relative 
influence,  have  been  prepared.   The  values  are  given  in  Tables  44  and  45. 
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In  many  cases  the  rainfall  records  were  lacking,  and  these  were  esti- 
mated from  present  annual  ratios  between  the  nearest  station  with  a 
long-time  record  and  the  station  where  a  value  was  required. 

Attention  is  called  to  the  fact  that,  although  the  run-off  is  a  func- 
tion of  the  rainfall,  and  would  in  time  absolutely  cease  if  the  latter 
should  stop,  the  quantity  of  the  former  does  not  vary  directly  with 
the   quantity   of   the   latter.      During   comptfratively   short   periods   of 
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little  or  no  rainfall  the  run-off  is  many  times  in  excess  of  the  precipita- 
tion, while  for  longer  periods  the  run-off  decreases  with  the  rainfall. 
This  decrease,  however,  is  not  directly  proportional,  but  is  in  some 
more  complex  ratio,  depending  on  the  character  of  the  water-shed  and 
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Fig.   46. 
its  vegetation.     For  example,  a  rainfall  of  25%  less  than  normal  will 
produce  a  certain  run-off  during  the  year,  under  certain  conditions, 
but  a  rainfall  of  50%  of  the  normal  for  this  period  would  probably 
yield  much  less  than  50%  of  the  normal  run-off.     For  this  reason,  it 
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is  very  unsafe  to  base  calculations  of  yield  on  short-time  ol)servation8, 
and  apply  the  relation  thus  established  to  minimum  conditions  of  rain- 
fall existing  at  some  former  period.  For  the  purpose  of  illustrating 
these  conditions,  Tables  42  and  43  and  Fig.  50  are  given  for  the  whole 
area  of  the  basin  above  Gatun  (1320  sq.  miles),  and  for  the  area 
above  Alhajuela  (427  sq.  miles). 

The  year  of  lowest  rainfall  in  this  decade  is  1902-03,  with  93.38  in. 
The  river  discharge  for  this  year  was  48.87,  or  52.4  per  cent. 
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April,  1905,  was  quite  dry,  and  the  heavy  rainfall  of  20.22  in.  in 
May  produced  only  a  moderate  run-off,  although  it  increased  consider- 
ably the  total  rainfall  for  the  year. 

A  comparison  of  the  retention  curves  and  discharge  tables  given  in 
this  paper  indicates  in  some  degree  the  quantity  of  water  required  by 
vegetation.  In  the  year  of  plenteous  rainfall,  besides  actual  precipita- 
tion, the  air  contains  more  water  vapor,  which,  being  absorbed  by  the 
leaves  and  grasses,  gives  them  a  supply  of  moisture  in  lieu  of  actual 
rainfall.    In  the  years  of  less  rainfall  these  demands  must  be  met  from 
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ground  storage,  and  thus  a  large  quantity  of  actual  precipitation  must 
be  taken,  to  the  consequent  detriment  of  stream  flow. 

In  the  year  of  heavy  rainfall  the  subterranean  reservoir  is  kept  full, 
and  rainfall  reaching  the  surface  of  the  ground,  having  no  opportunity 
to  delay,  is  delivered  quickly  to  the  stream  with  minimum  loss. 
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Fig.    48. 

What  proportion  of  the  stream  flow  is  due  to  sub-surface  flow  is 
a  complex  question,  and  each  water-shed  has  a  coefficient  of  its  own 
that  must  be  applied  to  any  general  statement.  The  quantity  depends 
on  the  character  of  the  soil,  the  imderlying  strata,  the  topography, 
and  the  surface  cover  of  vegetation.     That  considerable  quantities  of 
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TABLE  42. — Monthly  Kainfall^  Eun-off,  and  Percentage. 
Chagres  Kiver  Basin  above  Alhajuela  =  427  Sq.  Miles. 


10-Year  Average. 
1901-lL 

Year  of  Maximum 

DiSCHAHGK,    1909-10. 

Year  of  Minimum 
Discharge,   1905-05. 

Mouth. 

C8^ 

0    ■ 

Oh 

11 

Pi  a 

0    . 

§.a 

03  _g 

a   . 
4)  a; 

p  ac 

0- 

May 

June 

July 

Aug 

Sept 

Oct  

a 
o 

a 
'3 

13.08 
13.94 
16.03 
15.36 
12.56 
13.86 
23.33 
14.27 

6.01 
6.49 
7.76 
7.95 
8.08 
8.58 
12.49 
13.91 

46.0 
46.6 
51.6 
51.8 
64.3 
61.7 
53.6 
96.9 

12.00 
18.72 
19.98 
10.99 
10.74 
14.01 
40.62 
40.54 

6.54 
12.73 

8.91 
11.04 

9.31 

9.89 
29.55 
46.71 

54.5 

68.0 
44.6 

100.2 
86.7 
70.6 
72.8 

105.1 

25.04 
8.36 
9.08 

15.78 
6.00 

13.64 

13.00 
8.56 

5.21 
4.16 
3.37 
.'i.96 
4.50 
7.25 
5.92 
3.41 

22.6 
49.8 
37.2 
37.8 
56.3 
53  2 

Nov 

Dec 

45.5 
39  8 

5.18 
1.85 
1.68 
5.23 

7.07 
8.81 
2.30 
3.34 

136.5 

205.9 

137.0 

64.0 

8.53 
4.24 
4.53 
5.06 

13.64 

7.00 
4.39 

8.21 

160.1 
165.2 
96.9 
163.2 

1.55 
0.85 
0.60 
5.10 

1.85 
1.50 
1.18 
1.86 

133  4 

Feb 

Mar 

Apr 

176.5 
196.9 
36.5 

Total 

136.36 

123.43 

13.93 

87.79 
71.37 
16.52 

64.4 

58.2 

118.6 

189.95 
167.60 
23.35 

167.92 
134.68 
33.24 

88.4 
80.4 
148.6 

107.56 

99.46 

8.10 

46.17 
39.78 
6.39 

42  89 

8  wet  mouths 

4  dry  months 

40.00 
78.90 

TABLE  43. — Monthly  Eainfall,  Run-off,  and  Percentage. 
Chagres  River  Basin  above  Gatun  =  1  320  Sq.  Miles. 


10- YEAR  Average, 
1901-11. 

Year  of  Maximum 
Discharge,  190910. 

Year  of  Minimum 
Discharge,  190506. 

Month. 

a  a 
K.S 

^1 

1^' 
%  be 

03  — 

is 

^.2 

a  . 

lis 

|1 
tf.g 

§.5 
P3a 

Ph 

May 

June 

July 

Aug 

Sept 

Oct 

a 

i 

m 

n 
"S 

12.49 
11.83 
13.81 
13.51 
11.74 
13.69 
20.33 
11.18 

4.02 
5.23 

6.30 
7.15 
7.63 
8.94 
13.50 
10.40 

33.3 

44.2 
49.3 
53.9 
64.9 
65.3 
61.5 
93.0 

12.44 
15.24 
13.44 
9.81 
10.66 
14.96 
35.01 
23.08 

3.68 
8.35 
8.69 
9.. 59 
8.38 
11.00 
24.03 
33.54 

29.6 
54.8 
64.7 
97.8 
78.6 
73.5 
69.8 
97.7 

30.33 
9.60 
9.35 

16.96 
8.90 

15.64 

13.33 
8.75 

3.99 
3.63 

3.70 
5.49 
5.41 
9.83 
6.47 
4.04 

19.7 
37.8 
29.2 
33.4 
60.8 
63.8 
53.5 
46.3 

Nov 

Dec 

33 

4.14 
1.69 
1.96 

4.70 

5.54 
2.36 
1.46 
2.13 

133.8 
133.8 
74.5 
45.3 

4.35 
4.64 
5.61 
5.96 

10.26 
4.01 
3.76 
5.14 

335.9 
86.4 
49.3 
86.3 

1.35 
1.06 
1.15 
6.83 

1.89 
1.10 
0.87 
1.37 

151.2 

103.8 
75.7 
20.1 

Feb 

Mar 

Apr 

Total 

120.06 
107.57 
12.49 

73.56 
62.17 
11.39 

61.2 
57.9 
91.1 

155.20 
134. &4 
30.56 

118.48 
96.31 
23.17 

76.3 
71.3 
110.3 

111.94 

101.65 

10.39 

46.78 

41.. 55 

5.33 

39.2 
40.9 

50.8 

8  wet  months 

4  dry  months 
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TABLE  44. — Average  Estimated  ^Ioxthly  Rainf.m.i.,  in   J.n(iii> 

ON   THE    ClIAGRES   KlVER   BaSIN. 

Area  of  Chagres  Basin  =  1  320  Sq.  Miles. 
The  yearly  totals  are  for  the  run-off  year  beginning  May  Ist, 


Moiitli. 


May 

June 

July 

August 

September. 

October 

November.. 
December . . 
January — 
February  . . 

March 

April 


Year 133.21 


1<!01- 
1903. 


10.21 

11.06 

10.72 

15.50 

13.91 

16.19 

29.20 

6.29 

12.90 

0.58 

1.91 

4.74 


1902- 
1903. 


11.93 
7.89 
14.79 
8.88 
11.75 
14.37 
16.09 
6.66 
1.07 
0.27 
0.79 
1.46 


1903- 
1904. 


1904- 
19U5. 


1905- 
1906. 


12.55, 

10.72! 

16.56! 

14.31 

11.30 

12.39 

23.24 

17.27i 

5.81! 

1.01 

1.661 

11.09! 


10.09: 

15.16J 

12.76 

9.73 

14.03 

8.72 

20.89 

5.82 

6.49 

1.07 

0.67 

1.90 


22.27 
8.90 
9.44 

17.84 
8.88 

16.10 

12.81 
9.00 
1.32 
1.06 
1.21 
6.39 


1906- 
1907. 


10.64 
12.37 

16.90 

18.61 

12.97 

12.81 

22.82 

15.35 

1.92 

1.40 

1.96 

0.90 


95.95  137.91il07.33  115.22  128.65  102.99  131.23  161.14  136.73 


1907- 
1908. 


7.59 
14.90 
12.45 
14.73 
11.17 
17.61 
11.8.-) 
4.78 
2.23 
0.78 
1.80 
3.05 


1908- 
1909. 


19.03 
12.24 
9.50 
16.88 
10.31 
12.01 
18.80 
8.96 
8.01 
4.59 
3.45 
8.44 


1909- 
1910. 


11.99 

15.12 

14.49 

9.54 

10.76 

15.09 

35.74 

26.20 

5.14 

4.94 

5.97 

6.16 


1910- 
1911. 


11.51 

13.03 

18.21 

14.06 

16.14 

14.37 

20.69 

19.44 

0.50 

2.70 

1.31 

4.77 


Monthly 
average. 


12.78 

12.14 

13.. '-,8 

U.Ol 

13.12 

13.97 

21.21 

11.98 

4.54 

1.84 

1.98 

4.89 


125.04 


The  average  monthly  rainfall  over  the  Chagres  River  Basin  was  computed  Irom  the 
following  records:  The  records  from  each  section  are  given  weights  corresponding  to  the 
area  of  the  section. 


Section.  Rainfall  Records. 

No.  1 Porto  Bello  +  AlhajuHa  -;-  2. 

No   2 Alhajuela      4-  Gam  boa     -=-2. 

No.  3 Culebra         -|-  Gamboa     -;- 8. 

No.  4 Gamboa         +  Bohio  -^2. 

No.  5 Trmitlad 

No.  6 Monte  LIrio 

No.  7 Bohio  -+-  Gatun         -^2. 


Weight. 
.      437 
132 
32 

.  188 
314 
127 

.       lOO 


Total 1  3-'0 

TABLE  45. — Average  Monthly  Rainfall,  in  Inches,  on  the 

Chagres  River  Basin  above  Alhajuela. 

Area  =:  427  Sq.  Miles. 


Month. 

(1991) 

(1902) 

(1903) 

(1904) 

(1905) 

(1906) 

(1907) 

(1908) 

(1909) 

(1910) 

Monthly 
average. 

Mav 

11  71    13  42'  12.90 

10  ^7 

23.04 
8.36 
9.08 

15.78 
H.OO 

13.64 

13.00 
8.56 

(1906) 
1.55 
0.85 
0.60 
5.10 

10.98 
14.28 
31.32 
24.22 
13.94 
12.26 
23.94 
14.91 

(1907) 
1..55 
0.86 
1.41 
0.76 

0.38 
17.14 
17.. 54 
16.80 
13.09 
18.86 
11.54 

6.46 

(1908) 
2.85 
0.75 
2.28 
3.08 

20.. 38 
14.02 
9.83 
16.81 
11.02 
11.18 
26.14 
14.87 

(1909) 
11.81 
5.26 
1.92 
13.05 

12.00 
18.72 
19.98 
10.99 
10.74 
14.01 
40.62 
40.54 

(1910) 
8.52 
4.24 
4.53 
5.06 

10.40 
14.44 
19.90 
17.07 
15.8f" 
12.46 
18.98 
19.19 

(1911) 
0.49 
4.60 
1.20 
5.74 

13. OS 

June 

12  74      8  80    11  «3    10  on 

13.94 

July 

10.04    16.65 
16.57     8.25 
15.20    11.81 
18.86    14.32 
30.72    16.76 
5.74!     6.59 

(1902)(19a3) 
12.36      0.71 
0.54     0..30 
1.62     0.78 
5.55      1.24 

20.05    15.93 
16.56,   10.53 
11.25    15.76 
13.88     9.18 
25.41    23.22 
19.96     5.8.S 

(1904)  (1905) 

5.78      6.21 

0.40     0.74 

1.30      1.18 

10.47     2.12 

16. (« 

August 

15.36 

September 

October 

12.56 
13.86 

November 

December 

January 

33.33 
14.27 

5.18 

February  

March 

April 

1.85 
1.68 
5.22 

Year 

141  65    98  63 

1 
149  89  120.25 

107.. 56 

142.46 

116.83 

156.29 

189.95 

140.JJ7 

183.36 

The  monthly  values  are  equal  to  the  mean  of  the  rainfall  records  at  Alhajuela  and 
Porto  Bello. 

The  annual  totals  are  for  the  run-off  year  beginning  May  1st. 
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water  are  received  in  this  way  is  an  undisputed  fact.  Table  46  shows 
some  conditions  that  have  obtained  on  the  Eio  Grande  water-shed.  No 
attempt  is  made  to  discuss  the  subject  in  this  paper,  the  intention 
being  to  make  further  study  before  presenting  conclusions.  The  data 
thereon,  however,  are  applicable  to  some  extent  to  conditions  of  the 
proposed  Gatun  Lake,  and  indicate  a  considerable  increase  in  supply 
other  than  that  due  to  surface  conditions.  Figs.  45  to  50,  inclusive, 
present  graphically  the  conditions  of  rainfall,  run-off,  and  retention 
which  obtain  in  the  basin  above  Alhajuela  and  over  the  entire  drainage 
area  above  Gatun.  The  large  quantity  unaccounted  for  in  minimum 
years,  and  the  relatively  small  quantities  "lost"  in  years  of  maximum 
rainfall,  are,  of  course,  what  would  be  expected. 

Hydrography  of  Gatun  Lake  axd  the  Panama  Canal. 

Gatun  Lake,  which  will  be  formed  by  the  big  earth  dam  across  the 
Chagres  River  at  Gatun,  is  one  of  the  largest  artificial  bodies  of  water 
in  the  world,  if  not  the  largest.  There  is  no  similarly  made  body  of 
its  size  in  the  Western  Hemisphere,  the  nearest  approach  being  the 
proposed  Bear  Lake  Reservoir,  in  Utah,  with  a  surface  of  108  sq.  miles, 
and  it  is  probable  that  Egypt  alone  in  the  Eastern  Hemisphere  has  a 
lake  comparable  either  in  area  or  capacity. 

TABLE  47. — Areas  and  Volumes  of  Gatun  Lake. 


Contour. 
(Keet above 

mean 
sea  level). 

Area. 

Volume. 

Millions  of 
square  feet. 

Square  miles. 

Millions  of 
cubic  feet. 

Millions  of 
gallons. 

Acre- feet. 

0 
10 
20 
30 
40 
50 
60 
70 
80 
85 
90 

12 
385 
813 

1  426 
1971 

2  529 

3  099 

3  670 

4  274 
4  555 
4  835 

0.44 
13.81 
29.17 
51.14 
70.69 
90.71 
111.17 
131.65 
153.32 
163.38 
1?3.44 

"l"982 

7  972 

19  169 

36  152 

58  651 

86  791 

120  638 

160  361 

183  136 

205  91 1 

14  825 

59  637 

143  385 

270  419 

438  707 

649  198 

902  375 

1  199  507 

1  309  859 

1  540  211 

45  499 
183  031 
440  062 
829  942 
1  346  434 

1  992  450 

2  769  476 

3  681  401 

4  204  228 
4  737  056 

At  Elevation  +  87  Gatun  Lake  has  an  area  of  167.4  sq.  miles,  of 
which  about  90  sq.  miles  are  within  the  Canal  Zone  and  the  remainder  in 
Panamanian  territory.  The  shore  line,  not  including  islands,  is  about 
]  010  miles  in  length,  of  which  about  two-thirds  are  without  the  Zone. 
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Table  48*  is  given  for  purposes  of  comparison.     The  reservoirs  listed 
therein  are  either  built  or  projected. 

TABLE  48. 


Name. 

Capacity,  in  1 

thousands  of                                  Nnme 

millions  of                            iNaine. 
cubic  feet.    ] 

(Capacity,  in 

thousands  of 

millions  of 

cubic  feet. 

20.3.91           New  Croton  Dam,  N.  Y 

18U.(i5          Buena  Vista  Lalce,  Cal 

7  Ki 

Cataracte  de  Assouan,  Egypt. . 
Au  Slid  de  Philos.  Egypt 

T.41 
6.90 

123.60         Heniet  Valley,  Cal 

94.40          Lake  McMillan,  N.  Mex 

90.40          Bhatgus,  India 

y4"5f)          Paragon,  India 

65  30          Laramie  River  Dam,  Wyo 

353^          Lake  Fife,  India 

6.00 

Cataracte  de  Assouan,  Egypt. . 

6.00 
5.48 

5.29 

Swan  Valley  Lake.  I<laho 

5.24 
4.91 

32  00        '  Indian  River,  N.  Y 4.3.5 

q  35          Jarpen,  India 

2.69 

8.40 

Total  area,  Gatun  Lake  Drainage  Basin 1  320     sq.  miles. 

Land      "      (Lake  surface  El.  87  M.  S.  L.)..  1152.6    " 
Water    "          "            '■          "     87  "     "     "    .  .        167.4    " 

Ratio  of  water  to  land  surface 14.52  per  cent. 

The  top  of  the  upper  miter-sill  at  the  locks  has  an  elevation  of 
+  37.33  above  mean  sea  level,  and  the  bottom  of  Culebra  Cut  will  be 
at  Elevation  +  40,  referred  to  the  same  base.  The  largest  vessel  yet 
built  is  the  Olympic,  which,  when  loaded  to  full  capacity  of  60  000 
tons,  is  said  to  have  a  draft  of  37.5  ft.  If  the  minimum  lake  level  is 
assumed  at  Elevation  +  80.33,  this  vessel  would  have  about  5  ft.  of 
water  under  her  keel  when  passing  over  the  miter-sills  and  more  than 
2  ft.  when  passing  through  Culebra  Cut.  The  heaviest  United  States 
war  vessel  is  the  Utah,  recently  in  commission,  and  she,  when  loaded, 
is  said  to  have  a  draft  of  28.5  ft.;  that  is,  at  the  minimum  lake  level 
assumed  above,  the  Utah  could  pass  through  Culebra  Cut  with  at  least 
11  ft.  of  water  under  her  keel. 

A  storage  depth  of  6.67  ft.,  or  80.04  in.,  is  equivalent  to  11.624  in. 
distributed  over  the  land  area  at  Elevation  +  87;  that  is,  a  run-ofiF  of 
11.624  in.  from  the  total  land  area,  would  raise  the  surface  of  the  lake 
80.04  in.  This  quantity,  therefore,  is  required  to  make  good  the  loss 
in  storage  when  the  lake  surface  is  drawn  down  to  the  minimum,  or 

♦Abstracted  in  part  from  Wdson's  'Manual  of  Irrigation  Engineering,"  Schuvler's 
■■  Reservoirs  for  Irrigation.  Water  Power  and  Domestic  Water  Siipply.  Buckley  >  "The 
Irrigation  Works  of  India."  and  Barrois"   '  Les  Irrigations  ,11  k(j!/i>t<': 
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the  reservoir  will  stand  this  much  depletion  Mdthout  reaching  a  surface 
level  below  that  taken  as  a  minimum.  Reducing  to  equivalents,  1  in. 
on  the  land  surface  equals  0.574  ft.  of  lake  storage.  It  is  evident  that, 
after  considering  the  several  unavoidable  and  continuous  losses,  such 
as  maintenance,  power,  seepage,  etc.,  the  remainder  is  the  quantity 
available  for  lockage. 

TABLE  49. 


Condition. 

Elevation. 

Area,  in 
square  miles. 

Storage  capacity 
in  cubic  feet. 

Extreme  higti  water 

+87.00 
+80.33 

167.4 
154.0 

192  246  000  000 

Extreme  low  water 

161  864  000  000 

Difference 

0.67 

13.4 

30  382  000  000 

The   continuous   draft   or  loss   to   lake   storage   was   placed   by  the 
original  Consulting  Board  of  Engineers  as : 

Power,  light,  etc 275  cu.  ft.  per  sec. 

Leakage  at  gates 275    "      "      "       " 

Seepage  and  other  losses 85    "      "      "       " 


635 


and  these  figures  have  been  used  in  the  following  investigation, 
although  it  has  been  stated  that  recent  experiments  on  the  Stoney 
gates  in  place  have  demonstrated  that  the  leakage  on  that  account  was 
exceedingly  small,  and  it  is  probable  that  the  figures  given  above  will 
be  greatly  in  excess  of  actual  conditions. 

The  total  requirements  for  seepage,  maintenance,  leakage,  etc.,  of 
635  cu.  ft.  per  sec.  are  equivalent  to  3.793  cu.  ft.  per  sec.  per  sq.  mile 
of  lake  area,  which,  converted  into  inches,  gives  the  results  in  Table  50 
for  the  several  months. 

TABLE  50. 


Month. 

Equivalent  Depth,  in  Inches. 

Lake  area. 

Land  area 

28-day 

3.95 
4.09 
4.23 
4.37 

0..'i74 

29-day 

0.594 

30-day 

0.614 

31-day 

0.634 
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The  rainfall  on  Gatun  Lake  surface  lias  been  estimated  from  the 
records  at  the  stations  in  this  area,  and  jxaps  in  the  record  have  been 
filled  by  usiny  the  observed  ratios  between  the  fj,'iven  stations  and  those 
in  the  vicinity  where  the  records  were  continuous.  After  completing 
the  monthly  periods,  from  1901  to  1911,  inclusive,  for  the  several  sta- 
tions to  be  used,  the  quantities  from  these  stations  were  given  proper 
weight  in  niakini;'  up  the  tinal  tal)le. 

TAIiLK  al. — Estimated  Average  Monthly  Kainfall,  ix  Inchks, 
Gatun    Lake  Surface. 

Lake  Area  at  Elevation  -|-  87  ^  167  Sq.  Miles. 


Month. 

1901. 

1902. 

1903. 

1904. 

1905. 

1906. 

1907. 

1908. 

1909.     1910. 

Monthly 
mean. 

10.62 
11.27 
12.51 
16.. n? 
15.91 
16.22 
31.15 

r.i6 

19.07 
0.68 
2.12 
5.22 

11.73 

6.33 

11.73 

6.78 

11.02 

14.56 

12.50 

5.78 

1.68 

0.28 

0.94 

1.98 

12.49 

9.88 

14.15 

12.82 

12.32 

11.44 

23.43 

16.15 

6.38 

1.59 

2.11 

12.01 

10.67 

12.63 

11.35 

9.61 

13.06 

8.49 

19.93 

6.08 

7.51 

1.39 

0.34 

1.56 

22.72 
9.18 

9.m 

19.24 
9.97 
17. 7S 
13.94 
9.33 
1.22 
1.39 
1.58 
6.99 

11.09 

11.77 

14.62 

14.55 

13.54 

13.. 50 

20.65 

16.00 

2.33 

1.80 

2.47 

1.01 

8.56 
14.30 
9.76 
13.36 
10.36 
18.04 
12.62 
4. -20 
2.14 
0.97 
1.93 
2.59 

18.14 
13.15 

9.24 
17.85 

9.62 
12.64 
16.87 

6.08 

6. as 

4.15 
3.04 
6.34 

11.83 
13.51 
11.42 
9.35 
11.17 
l^.-'ia 
U.M 
21.12 
3.92 
5.44 
7.31 
6.79 

12.96 

11. 8:^ 

18.08 

13.16 

15.65 

15.29 

22.76 

20.18 

0.59 

1.86 

1.51 

4.57 

13.0b 

June 

July 

11.38 
12.24 

13. 3H 

September 

12.26 
14.35 

November 

December 

20.8? 
11.21 
5.1? 

February  

1.95 
2.34 

April 

4.91 

Year 

148.45 

85.31 

134.77 

102.62 

122.90 

123.. 33 

98.a3 

123.95 

152.22 

188.44 

123.09 

The  yearly  totals  are  for  the  run-off  year  beginning  May  1st.  The 
average  monthly  rainfall  over  Gatun  Lake  was  coniijuted  from  the 
following  records: 

Station.  W.-iKht. 

Monte  Lirio 11 

Trinidad ;>•' 

Bohio  +  Alhajuela  -^2 12 

Bohio  +  Gatun  -f-  2 61 

The  lowest  annual  rainfall  of  record  at  Colon  was  f<i].;>0  in.,  dunni; 
the  calendar  year  of  1884.  The  rainfall  at  (Jambua  for  the  same  year 
was   96   in. 

The  weights  given  are  the  numbers  corresponding  to  the  area  of 
lake  surface  that  appeared  to  be  represented  by  this  i)articular  station. 
It  may  be  noted  that  the  average  of  the  Bohio  and  Alba.juela  rainfalls 
of  record  is  very  close  to  that  of  Gamboa,  which  is  nearly  in  the  center 
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of  this  district.  It  is  realized  that  nothing  is  added  to  the  accuracy  of 
the  records  by  the  interpolations  for  supplying  missing  data,  either 
in  rainfall  or  run-off  tables.  On  the  other  hand,  no  more  reliable  data 
are  at  hand,  and  the  intention  in  extending  these  tables  has  been  to 
afford  a  basis  for  comparison  extending  over  a  similar  term  of  years 
in  all  cases.  The  tabulations  thus  made  are  given  as  the  best  available, 
in  the  judgment  of  the  writer,  and  do  not  purport  to  be  a  record  of 
conditions  that  have  existed.  From  close  personal  observation  for  the 
past  4  years,  the  writer  is  of  the  opinion  that  the  results  which  are 
based  on  these  estimates  are  within  reasonable  limits  of  error. 

Besides  the  rainfall  and  the  imavoidable  demands  for  water,  there 
is  a  very  considerable  loss  to  storage  due  to  evaporation.  The  records 
and  a  discussion  of  this  phenomenon  have  been  given  previously.    From 


RIO  GRANDE  RESERVOIR 

COMPARISON  OF  RAINFALL  AND  EVAPORATION 
Rainfall  Record-Jan.  1.  1905.  to  Dec.  :!1,  1911. 
poration  ■■  -Apr.  1,  19U9.  to  Mar.  SI.  19nj| 
KiiiiiralL 


WET  SEASON-254  DAYS. 
Rainfall  exceeds  Evaporation  an  avt 
amount  equivalent  to  0.234 "per  day  or 
O.-.'S  c-.f.s.).cr».,.  ini. 


Kvapo  ration 


7 
6 
5 

^4. 


"1  10  20   1   10  20  I   10  20  1    10  20  1    10  20  1  10  20  1   10  20  1   10  20  1    10  20  1   10  20  1   10  20  1  10  20 
January  February  March      April        May         June        July       Aujjust      Sept.     Octoljer      Nov.     December 

Months. 


Fig.  51. 
these  records,  the  diagrams  on  Plate  VI  and  Figs.  50  to  52,  inclu- 
sive, have  been  prepared  to  show  the  relations  that  exist  between  rain- 
fall and  evaporation  on  water  surfaces  on  the  Isthmus,  and  also  to 
show  an  application  to  the  surface  of  Gatun  Lake.  In  many  of  the 
estimates  there  has  been  no  allowance  for  the  gain  due  to  rainfall  on 
the  lake  surface.  The  evaporation  figure  usually  has  been  taken  as 
equivalent  to  maximum  conditions,  and  this  has  been  applied  flat 
throughout  the  year  without  reference  to  the  rainfall.  Fig.  50  and 
Plate  VI  give  the  actual  conditions  which  existed  during  the 
calendar  year,  1910,  on  Eio  Grande  and  Brazos  Brook  Eeservoirs. 
Fig.  51  shows  the  estimated  evaporation  from  the  surface  of  Gatun 
Lake  had  it  been  in  existence  during  1902-03,  the  year  of  minimum 
rainfall  at  Cristobal  and  that  of  estimated  minimum  on  Gatun  Lake. 
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hig.  52  sliows  tlie  pr(il)aMo  nvonioe  conditions  wliich  would  have  existed 
on  (iiitnn  L:il<f  diirini;  llic  past  10  years,  liad  tlu;  lake  been  then  in 
existence.  These  diagrnnis,  together  with  that  on  Fig.  8,  appear  to  indi- 
cate that  the  period  of  excessive  daily  evaporation  is  extremely  limited, 
and  that  the  apparent  considerable  losses  to  water  surface  during  the  so- 
called  dry  months  are  in  reality  greatly  modified  by  the  rainfall,  which 
is  especially  persistent  on  the  Gatun  Lake  area  during  this  period. 
For  investigations  concerning  water  supply  and  storage  conditions, 
the  so-called  mass-diagram  presents  a  very  satisfactory  and  simple 
solution  of  many  problems,  and  a  study  of  the  character  of  the  various 
curves  brings  out  facts  which  might  otherwise  be  overlooked.    Desmond 


BRAZOS  BROOK 

COMPARISON  OF  RAINFALL  AND  EVAPORATION 
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persq,  mi. 
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Fig.  52. 

FitzGerald,  Past-President,  Am.  Soc.  C.  E.,  was  probably  the  first 
to  use  this  method  in  the  United  States,  and  it  appears  in  his  report  on 
the  "Capacity  of  the  Sudbury  River  and  Lake  Cochituate  Water- 
Sheds  in  Time  of  Drought,''  1887.  Mr.  FitzGerald  credits  the  use  of 
this  diagram  to  Mr.  W.  Rippl.'^'  John  R.  Freeman,  M.  Am.  Soc.  C.  E., 
has  made  the  most  extended  use  of  this  method  in  working  up  the 
probable  yield  of  the  Croton  water-shed.f  A  very  clear  description  is 
given  therein  of  the  construction  and  properties  of  this  curve,  and 
Theodore  Horton,  M.  Am.  Soc.  C.  E.,:J:  has  gone  into  the  matter  in 

*  Minutes  of  Proceedings,  Inst.  C.  E.,  Vol.  71,  p.  ;J70. 

t  "  Report  on  New  York's  Water  Supply."  Freeman,  1900,  pp.  226-22H. 

t  Engineering  Record,  .July  .Slst,  1H97. 
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considerable  detail.  Briefly,  the  mass-curve  is  the  accumulated  run- 
off of  the  drainage  area  (in  this  paper  reduced  to  flow  per  square  mile 
of  land  area)  corrected  for  the  rainfall  and  evaporation  on  the  water 
surface,  if  a  pond  or  reservoir  is  included  in  the  area,  and  including 
the  known  constant  withdrawals.  Given  this  mass-curve  of  supply  and 
the  available  storage  capacity  of  the  reservoir  reduced  to  the  same  unit 
as  the  mass-curve,  it  is  readily  seen  that,  by  projecting  straight  lines 
representing  uniform  rates  of  flow,  it  is  possible  to  read  directly  from 
the  diagram  either  the  maximum  draft  that  can  be  counted  on  during 
various  seasons,  or  to  find  what  will  probably  be  the  reservoir's 
depletion  under  various  drafts.     To  quote  Mr.  Freeman: 

"To  find  from  this  mass-curve  the  periods  of  greatest  storage  deple- 
tion and  the  dry  year  cycles  of  longest  duration,  we  first  lay  off  on  the 
diagram  straight  lines  at  slopes  corresponding  on  the  scale  of  the  dia- 
gram to  various  rates  of  uniform  draft  per  square  mile  per  day,  and 
then  by  straight-edge  and  triangle,  rule  parallel  lines  tangent  to  vari- 
ous summits,  corresponding  to  full  reservoirs,  *  *  *.  The  vertical 
space  between  this  straight  line  and  the  curve  now  represents  the 
depletion  of  the  reservoir  under  the  given  rate  of  draft;  and  the 
distance  from  A  to  E  [the  horizontal  distance  from  the  summit  or 
origin  of  the  rate  line  to  the  point  where  this  line  cuts  the  mass- 
curve. — C.  M.  S.]  represents  the  length  of  time  that  the  reservoir  would 
remain  drawn  down." 

Such  a  curve  has  been  constructed  for  the  drainage  area  of  Gatun 
Lake  for  the  period,  1901  to  1911,  inclusive,  and  is  shown  by 
Plate  VII. 

In  order  that  its  construction  may  be  clearly  understood,  the  com- 
putations for  the  year  1902-03  are  given  in  Table  52. 

In  Table  52:  Column  2  is  the  run-off  past  Gatun  (see  Table  30). 
Column  3  is  the  estimated  rainfall  on  the  Lake  (see  Table  51). 
Column  4  is  the  mean  evaporation  for  the  past  2  years  at  Brazos  Brook 
Reservoir,  which,  on  account  of  its  location,  appeared  to  approximate 
most  closely  the  conditions  on  Gatun  Lake.  Column  5  is  the  constant 
draft  of  635  cu.  ft.  per  sec,  reduced  to  an  equivalent  in  inches  on  the 
lake  surface.    Column  7  is  the  yield  of  the  wa.ter  surface  of  the  lake  in 

terms  of  the  land  surface;  that  is,  Colunui  (l  X  (  ^r-:r )  =^   l^-'>~  per 

^  1  152. R/ 

cent. 
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(1) 

(a) 

(3) 

(4) 

(S)              (6) 

(7^ 

(8) 

(9) 

Months 
1902-03. 

.g-s 

c 

C  (U     . 

o 

a  a 
o  — 

t»  as 

Constant    Draft. 
Use   and    Loss ; 
Power  Leakage 
and  Seepage,  in 
inches. 

Algebraic    suras 

Columns  3  +  4+5, 

in  inches. 

Y  ield    of    water 
surface  in  terms 
of    land    surface 
14. 52"o  — Column 
6,  in  inches. 

Total  yield,  alge- 
braic    sum      of 
Columns  2  +  7, 
in  inches. 

en 

1-2 
EC 

3 

o2 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

9.14 
4.25 
2.29 
1.31 
0.90 
0.77 
2.14 
3.48 
5.70 
7.75 
7.79 
7.89 

12.50 

5.78 

1.68 

0.28 

0.94 

1.98 

12.49 

9.88 

14.15 

12.82 

12.32 

11.44 

2.44 
2.56 
5.46 
4.89 
6.51 
5.20 
4.45 
3.66 
3.03 
3.47 
3.99 
4.17 

4.23 
4.37 
4.37 
3.95 
4.37 
4.23 
4.37 
4.23 
4.37 
4.37 
4.23 
4.37 

5.83 

-1.15 

—8.15 

—8.56 

—9.94 

—7.45 

3.67 

1.99 

6.75 

4.98 

4.10 

2.90 

0.85 

-0.17 

—  1.18 

-1.24 

-1.44 

-1.08 

0.53 

0.29 

0.9S 

0.72 

0.59 

0.42 

9.99 
4.08 
1.11 
0.07 
-0.54 
-0.31 
2.67 
3.77 
6.68 
8.47 
8.38 
8.31 

132.25 
136.33 
137.44 
137.51 
136.97 
136.66 
139.33 
143.10 
149.78 
1.58.25 
166.63 
174.94 

The  quantity  for  November  in  Column  9  is  the  sum  of  Column  8  from  May,  1901. 

The  year,  1902-03,  was  taken  as  an  example  because  its  dry-season 
discharge  was  one  of  the  lowest  of  the  decade  (1908  being  about  the 
same),  and  it  was  also  the  year  of  minimum  rainfall  in  this  period. 

In  order  to  compare  quickly  the  given  supply  with  assumed  drafts 
at  uniform  rates,  the  vector  diagram  is  added,  with  which  it  is  a  very 
simple  matter  to  obtain  the  required  information  regarding  storage, 
depletion,  and  length  of  time  the  lake  will  be  below  high  water. 

In  his  discussion  on  the  "Water  Supply  for  the  Lock  Canal  at 
Panama,"*  Col.  H.  F.  Hodges  states : 

"With  these  assumptions  [previously  given. — C.  ]\I.  S.],  and  taking 
into  consideration  the  saving  in  water  which  can  be  effected  by  cross- 
filling,  the  total  average  consumption  for  one  passage  per  day,  i.  e.,  for 
two  prisms  of  lift  each  day,  is  44.2  cu.  ft.  per  sec.  Neglecting  any 
advantage  to  be  derived  from  cross-filling,  it  is  51.9  cu.  ft.  per  sec." 

In  the  following  computation  regarding  the  number  of  lockages 
possible  per  day,  as  far  as  water  supply  is  concerned,  it  is  taken  as 
51.9  cu.  ft.  per  sec,  or  about  0.04508  cu.  ft.  per  sec.  per  sq.  mile  of 
land  area. 

For  converting  cubic  feet  per  second  per  square  mile  into  inches 
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depth   on   the  tributary   area,   the  following   relations   are   convenient, 
1  cu.  ft.  per  sec.  per  sq.  mile  being  equivalent  to : 

Period  in  days.  Inches.  Logaritlims. 

1  0.03719  8.5704262 

28  1.04132  0.0174507 

29  1.07851  0.0330214 

30  1.11570  0.0476642 

31  1.15289  0.0618292 
365.25  13.58380  1.1330164 

The  factors  in  the  construction   of  the  rate  diagram   are  given  in 
Table  53. 

TABLE  53. 


NuTnber  oi  lockages 
per  day. 

Cubic  Feet  Draft  per  Second. 

Equivalent  depth 

Total. 

Per  square  mile 
of  land  area. 

per  year,  in  inches. 
Land  area. 

55 

2854.5 
2595.0 
2335.5 
2076.0 
1816.5 
519.0 

2.476 
2.251 
2.026 
1.801 
1.576 
0.4502 

33.635 

50 

30.577 

45 

27.519 

40 

24.461 

35 

21.403 

10 

6  115 

From  inspection  of  Plate  VII  it  is  evident  that  the  critical 
periods,  as  far  as  storage  is  concerned,  are  to  be  found  in  1903  and 
1908.  In  order  to  study  these  conditions  better,  the  diagram,  Fig.  55, 
has  been  prepared  covering  these  same  periods  but  on  a  larger  scale. 

The  construction  of  these  diagrams  is  such  that  anj-  measurement 
on  the  vertical  scale  represents  inches  depth  per  square  mile  of  land 
area,  and  any  measurement  on  the  horizontal  scale  represents  time  in 
months.  It  is  also  to  be  remembered  that  the  available  lake  storage 
is  equivalent  to  11.624  in,  over  the  land  surface.  Therefore,  direct 
measurement  of  the  number  of  lockages*  per  day  that  can  be  made  is 
possible,  considering  that  the  lake  is  full  at  the  beginning  of  each 
dry  season,  and  is  not  to  be  drawn  below  Elevation  80.33.  The  lake 
will  be  full  at  the  beginning  of  the  dry  season  if  the  line  representing 
the  required  number  of  lockages  does  not  in  any  year  pass  above  the 
yield  summit  of  the  next  following  year. 

*  Wherever  the  word  "lockage"  is  used  in  this  paper,  it  means  one  complete  passage 
of  the  canal  ;  that  is,  i  he  expenditure  of  water  required  for  passing  a  vessel  from  one  ocean 
up  one  slope  and  down  the  other  to  (he  ocean  on  the  opposite  side  of  the  Isthmus. 
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In  the  ease  of  the  left-hand  diagram  of  Fig.  5S,  the  distance, 
11.G24  in.,  measured  up  from  F,  comes  just  above  the  line,  BC,  repre- 
senting 55  lockages  per  day;  and  in  the  case  of  the  right-hand  diagram 
on  Fig.  58,  the  distance  up  from  7v  is  a  little  above  the  line,  GH, 
representing  55  lockages  per  day.     Therefore,  55  lockages  per  day   is 

^ ' ■        ~"'  GATUN    LAKE 

,,      RAINFALL  AND   EVAPORATION 

^*  MINIMUM   YEAR 


May  June    July    Aug.    Sept.     Oct.     Nov.    Dec.     Jau.     Feb.    Mar.    Apr.  May 

Months. 
Fig.  53. 


May  June     July    Aug.  Sept.     Oct.     Nov.    Dec.    Jan.     Feb.    Mar.    Apr.    May 

Months. 
Fig.  54. 

the  maximum  that  can  safely  be  counted  on  with  present  conditions 
of  storage.  On  the  horizontal  scale  each  snuUl  subdivision  represents 
a  month.  In  the  left-hand  diagram,  the  line,  BC ,  beginning  .Iniuiary 
1st,  cuts  the  mass-curve  a  little  after  September  1st.  With  55  lock- 
ages per  day,  the  lake  would  begin  to  drop  about  January  1st,  reach 
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its  minimum  elevation  about  May  1st,  would  then  begin  to  fill,  coming 
to  high-water  mark  during  the  first  part  of  September,  and  then  wasting 
until  the  beginning  of  the  next  dry  season.  From  the  right-hand 
diagram  it  is  seen  that  in  1908  similar  conditions  would  have  been 
experienced  with  the  same  number  of  lockages  per  day,  but,  on  account 
of  heavier  rainfall,  the  reservoir  would  have  become  full  about  2 
weeks  earlier.  Lines  drawn  for  greater  or  less  rates  show  correspond- 
ingly greater  or  lesser  storage,  depletion,  and  a  similar  condition  for 
the  reservoir  to  be  below  high  water.  The  conditions  referred  to  the 
left-hand  diagram  of  Fig.  55  are  shown  in  different  form  in  Table  54. 

In  1902-03,  with  a  rate  of  55  lockages  per  day,  the  deficiency  in 
storage,  which  is  the  sum  of  the  figures  in  Column  5,  would  have  been 
10.88  in.,  or  0.74  in.  less  than  the  requirement,  which  indicates  that 
this  rate  could  have  been  supplied  during  this  season.  The  reservoir 
began  to  fill  in  June,  and,  up  to  September  1st,  10.47  in.  over  the 
whole  land  area  had  run  into  the  lake,  indicating  that  full  reservoir 
wovdd  have  occurred  some  time  during  the  first  part  of  September. 

In  1907-08,  with  a  rate  of  55  lockages  per  day,  the  deficiency  in 
storage,  which  is  the  sum  of  the  figures  in  Column  10,  would  have  been 
11.60  in.,  or  0.02  in.  less  than  the  requirement.  This  is  also  just 
inside  the  limit  (11.624).  Beginning  with  May,  just  following  the 
depletion,  and  summing  up  the  monthly  surplus  in  Column  9,  it  ap- 
pears that  the  reservoir  would  have  become  full  some  time  in  August. 
The  results  given  in  these  two  cases  check  with  those  taken  from  the 
curve,  as  they  should,  as  this  method  is  only  a  rather  laborious  way 
of  obtaining  what  can  be  much  more  easily  taken  directly  from  the 
mass-curve. 

A  study  of  the  mass-diagram,  Plate  VII,  shows  that  in  the  past 
decade,  1908  has  not  only  been  the  year  of  least  run-off,  but  is  located 
at  the  bottom  of  the  trough,  the  yield  gradually  decreasing  from  3901 
and  rapidly  increasing  since  May  1st,  1908.  With  a  lake  storage  of 
a  little  more  than  12  ft.,  or  a  limiting  minimum  lake  elevation  of 
-[-  75  instead  of  +  80.33,  even  during  this  period  of  low  run-off, 
the  lake  would  have  been  capable  of  caring  for  about  100  lockages 
per  day.  It  appears,  therefore,  that  under  the  present  conditions  of 
high-water  elevation  and  storage  it  is  possible  to  take  care  of  100  com- 
plete lockages  per  day  without  drawing  the  lake  surface  below  Eleva- 
tion +  75.     Even  with  this  rate  of  draft,  the  reservoir  would  have 
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TATU.E  aS. — CoMrAuisoN  of  Rainfall  for  1910-11  with 
Normal  Rainfall  for  Years  of  Record. 


Year  1910-n. 

Normal  for  Years  of  Rkcord. 

Month. 

Monthly, 
in  inclies. 

Accumulated, 
in  inches. 

No.  of  Years. 

Monthly, 
in  inches. 

Accumulated, 
in  inclies. 

Cristobal  Rainfall. 


November 
December 
January .. 
February. 

March 

April 

May 

June 

July 

August  ... 


.SO.  04 
15.20 
0.5t9 
1.81 
1.41 
3.06 
17.13 
1.5. 58 
14.58 
11.60 


Gatun  Rainfall. 


30.04 
45.24 
46.23 
48.04 
49.45 
52.51 
69.64 
85.22 
99.80 
111.40 


22.01 

12. .58 

4.05 

1.46 

1.69 

4.16 

12.42 

13.29 

16.46 

15.13 


22.01 
84.59 
38.64 
40.10 
41.79 
45.95 
58.37 
71.66 
88.12 
108.25 


November . 
December . 
January... 
February .. 

March 

April 

May 

June 

July 

August 


26.06 

19.24 

1.20 

2.19 

1.80 

6.38 

19.14 

14.72 

6.66 

7.91 


26.00 
45.30 
46.50 
48.69 
50.49 
56.87 
76.01 
90.73 
97.39 
105.30 


24.03 
15.83 
4.24 
2.41 
3.25 

4.0:3 

15.93 
13.61 
12.51 
14.73 


24.08 
39.86 
44.10 
46.61 
49.76 
53.79 
69.72 
83.33 
95.84 
110.. 57 


liOHio  Rainfall. 


November.. 
December... 

January 

February.. . 

March 

April 

May 

June 

July 

August 


22.37 
21.30 
0.32 
1.87 
0.97 
4.87 
12.32 
6.96 
7.29 
5.69 


22.37 
43.67 
48.99 
45.86 
46.83 
51.70 
64.02 
70.98 
78.27 
83.96 


19.39 
11.25 
6.00 
2.11 
2.01 
5.78 
13.84 
12.14 
13.01 
14.77 


19.89 
.30.6* 
36.64 
38.75 
40.76 
46.54 
60.38 
72.52 
85.53 
100.80 


(iAMBOA  Rainfall 


November . . . 

16.90 

16.90 

28 

12.54 

12.54 

December  . . . 

13.11 

30.01 

28 

7.31 

19.  K5 

January 

0.11 

:«).12 

26 

1.91 

21.76 

February 

0.71 

80.83 

26 

0.84 

22.60 

March 

0.38 

31.21 

27 

0.86 

28.46 

April 

4.01 

35  22 

30 

3.63 

27.09 

May 

14.53 
6.98 

49.75 
56.73 

.30 
30 

11.01 
9.63 

.38.10 

June 

47.73 

July 

7.26 
7.68 

63.99 
71.67 

31 

29 

10.32 
12.04 

.58.05 

August 

70.(rtt 
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TABLE  55.— (Continued.) 


Year  1910-11. 

Normal  for  Y'ears  op  Record. 

Month. 

Monthly, 
in  inches. 

Accumulated, 
in  inches. 

No.  of  Years. 

Monthly, 
in  inches. 

Accumulated, 
in  inches. 

Alhajuela  Eainfall. 


November . . . 
December  . . . 

January 

February 

March 

AprU 

May 

Jime 

July 

August 


14.87 
15.49 
0.14 
2.29 
0.01 
4.88 
16.11 
10.53 
8.84 
10.79 


14.87 
30.36 
80.50 
32.79 
32.80 
37.68 
53.79 
64.32 
73.16 
83.95 


14.70 
8.04 
1.33 
0.83 
0.71 
3.47 
12.69 
12.92 
13.47 
13.10 


14.70 
22.74 
24.07 
34.90 
25.61 
29.08 
41.77 
54.69 
68.18 
81.26 


CuLEBR.\  Eainfall. 


November... 

10.81 

10.81 

22 

12.. '>2 

12.53 

December  . . . 

11.86 

22.67 

20 

8.19 

20.71 

Januaiy  

0.02 

22.69 

21 

1.83 

22.54 

Feoruary  . . . 

0.74 

33.43 

21 

0.57 

23.11 

March 

0.06 

23.49 

21 

0.71 

23.82 

April 

4.89 

28.38 

21 

3.83 

27.65 

May 

14. K6 
4.25 

43.24 
47.49 

21 

20 

11.31 
8.92 

38.96 

June 

47.88 

July 

5.95 
8.36 

53.44 
61.80 

30 
20 

9.50 
10.46 

.57. 3H 

August 

67.84 

Trinidad  Rainfall. 


November. . . 

22.95 

22.95 

3 

23.47 

23.47 

December . . . 

21.64 

44.59 

3 

15.79 

.39.26 

Jauuary 

0.64 

45.23 

4 

3.80 

43.06 

'^'ebruary 

2.00 

47.23 

4 

3.28 

46.34 

March 

2.33 

49.56 

4 

3.89 

50.28 

April 

8.33 

52.89 

4 

5.74 

55.97 

May 

18.20 
8.79 

71.09 
79.88 

4 

4 

14.65 
10.90 

70.62 

June 

81.52 

July 

3.63 
8.17 

83.51 
91.68 

4 
4 

8.94 
12.18 

90.46 

.August 

102.64 

Monte  Lirio  Rainfall. 


November... 
December  . . . 

January 

February 

Mnrch 

April 

May 

•-'5.60 

23.96 

0.69 

2.41 

1.41 

5.27 

19.70 

11.43 

10.. 58 

9.58 

35.60 
49.56 
50.45 
.52.86 
54.37 
59.54 
79.24 
90.67 
101.25 
110.83 

3 
4 
4 
4 
4 
4 
4 
4 
4 
4 

28.63 
14.74 
3.98 
4.60 
4.64 
5.77 
15.84 
13.64 
14.76 
11.88 

43.37 
47.35 
51.95 
56.. 59 
62.36 
78.20 

June 

91.84 

July 

106.60 

August 

118.48 

Porto  Bello  Rainfall. 


November. . 
December.. . 

January 

February.. . 

March 

April 

•May 

June 

July 

August 


23.08 
22.89 
0.84 
6.90 
2.H8 
6.60 
19.35 
18.04 
14. 4S 
22.56 


23.08 
45.97 
46.81 
53.71 
56.09 
62.69 
81.94 
99.98 
114.46 
137.03 


31.85 

30.07 

9.64 

5.28 

3.30 

8.07 

14.82 

17.00 

18.40 

18.52 


31.85 
til.  92 
71.56 
76.84 
80.14 
88.21 
103.03 
120.03 
138.43 
156.95 
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filled  by  January  1st,  1909.  The  general  trend  of  the  mass-curve 
indicates  that  the  rate  of  100  lockages  per  day  is  the  reasonable 
maximum  capacity  of  the  canal,  as  far  as  water  supply  is  concerned. 
Below  this  rate  the  storage  lies  in  the  present  lake,  provided  Elevation 
+  75  can  be  allowed  for  the  minimum  surface  elevation.  For  more 
tlian  100  lockages  per  day,  the  storage  requirement  increases  so 
inpidly   that   it  could  be  developed  (inly  at  a  considerable  expense. 

With  practically  unlimited  storage  during  the  past  decade,  the 
run-off  would  have  been  sufficient  to  have  provided  for  about  125 
lockages  per  day.  To  do  this  would  probably  mean  additional  storage 
reservoirs  on,  tributary  streams  to  conserve  water  which,  under  present 
conditions,   will  waste  during  the  rainy  months. 

The  rainfall  on  the  Isthmus  since  January  1st,  1911,  has  been 
light,  and  below  normal  at  many  stations.  The  run-off  for  the  tributary 
area  has  been  affected,  and  the  monthly  flow  past  Gatun  is  the  lowest 
of  record  (either  by  measurement  or  estimation)  since  1890.  Compari- 
sons of  the  rainfall  records  in  the  drainage  area,  for  this  period  with 
the  normals  for  the  years  of  record  are  given  in  Table  55. 

Table  56  is  a  comparison  of  the  run-off  at  Alhajuela  and  Gatun  for 
the  present  period,  and  the  average  of  the  monthly  records,  of  these 
stations  for  1890-1911. 


TABLE  56. 


Alhajuela  Station. 
Mean  run-off,  in  inches. 

Gatun  Station. 
Mean  run-off,  in  inches. 

Month. 

1911. 

Accumu- 
lated. 

18901911, 
inclusive. 

Accumu- 
lated. 

1911. 

Accumu- 
lated. 

1890-1911, 
inclusive. 

Accumu- 
lated. 

January... 
February.. 

March 

April 

May 

June 

July 

August 

September. 

4.427 
5.634 
2.:i75 
4.418 
7.. 528 
7.531 
7.044 
6.364 
4.786 

4.427 
10.061 
12.436 
16.854 
24.382 
31.918 
38.957 
45.320 
50.107 

6.214 
3.126 
2.079 
2.967 
6.122 
6.216 
7.924 
8.157 
7.529 

6.214 
9.340 
11.419 
ll..Sf^6 
20.508 
26.724 
34.648 
42.805 
50.834 

8.170 
2.361 
1.257 
1.752 
5.200 
5.489 
6.030 
3.954 
8.805 

3.170 
5.5ftl 
6.791 
8.543 
13.743 
19.232 
25.262 
29.216 
33.031 

5.*58 
2.096 
1.417 
1.991 
5.. 396 
5.627 
7.467 
8.181 
7.8«4 

5.358 
7.4.54 
8.871 
10.862 
16.258 
21.885 
29.352 
37.533 
45.397 

The   run-off  past  Gatun   is   affected   constantly  by   two   conditions 
which  do  not  obtain  in  the  basin  above  Alhajuela : 

1. — Extensive  swamp  areas  with  a  cover  of  vegetation  that  require 
large  quantities  of  water;  and 
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2. — Evaporation  from  Gatun  Lake  surface,  which  was  not  experi- 
enced in  former  years. 

In  addition  to  the  foregoing,  the  greatest  factor  contributing  to  the 
large  proportional  quantity  of  run-off  per  square  mile  above  Alhajuela, 
compared  with  that  of  the  basin  as  a  whole,  probably  is  to  be  found 
in  the  greater  precipitation  on  the  former  area.  This  condition  is 
found  in  Tables  44  and  45,  from  which  it  appears  that  the  annual 
average  rainfall  from  the  whole  basin  for  10  years  was  125.04  in.;  for 
the  portion  below  Alhajuela,  118.90  in.;  and  for  the  portion  above  that 
station,  136.36  in.  In  other  words,  the  rainfall  on  the  area  above 
Alhajuela  is  about  9%  greater  than  the  average  on  the  basin  as  a  whole, 
and  14.5%  greater  than  that  on  the  basin  below  that  station. 

TABLE  57. 


Month. 

Mean  lake 
elevation. 

Mean  area 
of  lake 
surface, 

in  square 
miles. 

Evaporation, 

Brazos 

Brook,  in 

inches. 

Evaporation 
in  cubic  feet 
per  second, 
per  square 
mile. 

Equivalent 

evaporation 

for  actual 

lake  surface, 

in  cubic 

feet  per 

second. 

Equivalent 

evaporation 

for  proposed 

lake  area 

(167.4),  in 

cubic  feet 

per  second. 

(■) 

C2) 

<3) 

(4) 

(5) 

(6) 

January... 
February .. 
March .... 

April 

May 

June 

July 

August 

September 

14.09 
18.71 
13.55 
13.12 
15.58 
15.58 
15.93 
14.50 
14.48 

19.60 
18.90 
17.30 
18.10 
21.70 
33.10 
33.30 
30.50 
30.45 

6.29 
5.13 
6.87 
4.94 
3.29 
2.93 
4.36 
4.07 
4.10 

5.40 
4.92 
5.90 
4.43 
2.85 
3.63 
3.78 
3.. 53 
3.56 

107 
93 

103 
80 
63 
58 
84 
73 
73 

913 

8S2 
998 
740 
478 
438 
631 
592 
S96 

The  figures  in  Column  5  of  Table  57  should  be  added  to  the  monthly 
discharge  of  Table  28,  since  April,  1910,  in  order  to  compare  these 
3  months  with  the  discharge  of  previous  months  of  the  same  name. 

Table  58  is  given  to  show  what  would  have  been  the  effect  on  the 
lake  and  its  usefulness  had  it  been  in  operation  during  the  period  since 
January  1st,  1911. 

Table  58  shows  that,  even  with  the  low  rainfall  and  similar  condi- 
tions of  run-off  since  January  1st,  1911,  the  lake  would  have  handled 
55  lockages  per  day,  and  the  surface  then  would  have  been  above  the 
limit  by  2.38  ft.,  equivalent  to  4.15  in.  in' land  surface. 
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Vield,   corrected 
Month.  ...Of.       /-.-rrS 
inches. 

Requirement, 
in  inches. 

Surplus. 

Deficiency. 

November 16.118 

December 21.01 

January 1.80 

F'ebruary 1.38 

March 0.23 

April 0.15 

May 6.51 

June 5.92 

2.75 
2.85 
2M 
2.58 
2.85 
2.75 
2.85 
2.75 
2.85 
2.85 
2.75 

14.23 
18.16 

's.m 

3.17 

2.90 
1.05 

0.87 

'i!o.5" 
1.20 
2.62 
2.60 

Julv 5.75 

August 3.90 

September 3.62 

t 

From  that  wliieh  has  preceded,  therefore,  it  appears  that  the  water 
supply  of  Gatun  Lake  is  sufficient  for  any  probable  demands  of  com- 
mercial or  other  navif?ation,  and  the  use  of  the  canal  is  limited  only 
hy  the  capacity  of  the  locks  and  the  requirements  of  practical  operation. 
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CONSTRUCTION  PROBLEMS,  DUMBARTON  BRIDGE, 
(^ENTHAL  CALIFORNIA  RAILWAY. 


By  E.  J.  SciiNi:iDER,  M.  Am.  Soc.  C.  E. 
To  BE  Pkesi:nted  March  19tii,  1913. 


It  is  not  the  object  of  this  paper  to  give  a  complete  description 
of  all  tlie  construction  features  of  the  Dumbarton  Bridge.  The  aim 
and  purpose  is  to  outline,  in  a  general  way,  the  field  methods,  and 
to  discuss  details  only  where  exceptional  problems  were  met. 

To  secure  an  all-rail  route  into  the  City  of  San  Francisco  from 
the  main  line  tracks  on  the  eastern  shore  of  San  Francisco  Bay, 
thus  to  avoid  ferrying  increasing  numbers  of  freight  cars  between 
Oakland  and  San  Francisco,  the  Central  California  Railway,  better 
known  locally  as  the  Dumbarton  Cut-off  (Fig.  1),  was  projected  and 
constructed  by  the  Southern  Pacific  Company  during  the  three  years 
ending  September  30th,  1910.  The  cut-off  connects  Niles  and  Newark 
on  the  east  side  with  Redwood  City  on  the  west  side  of  the  bay. 
Through  this  improvement,  the  all-rail  distance  between  Oakland  and 
San  Francisco  has  been  reduced  26.1  miles,  as  compared  with  the 
corresponding  earlier  distance  via  San  Jose. 

The  bridge  proper  consists  of  a  draw  span,  310  ft.  in  length  over 
all.  and  three  180-ft.,  double-track,  through,  riveted,  approach  spans 
at  each  end  of  the  draw.  All  structural  steelwork  was  designed  in 
accordance   with   the   Harriniau    Unes    Common    Standards    of    1906, 


Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  Anally  closed,  the 
papers,   with  discussion   in  full,  will   be  published   in   Transactions. 
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using  what  corresponds  to  a  Cooper  £"-55  loading.  The  center  to 
center  distance  of  end  pins  is  1  474  ft. 

There  is  also  a  considerable  length  of  single-track,  creosoted  timber, 
ballasted  trestle  at  each  end  of  the  steelwork.  The  length  of  the 
east  approach  trestle  is  1 002  ft.,  and  tliat  of  the  west  approach 
5  366  ft.  The  total  length  of  the  entire  structure,  steel  spans  and 
timber  trestles,   is  7  842  ft.,   or  approximately   li  miles. 

No  unusual  methods  were  required  in  building  the  timber  trestles, 
which  are  all  of  standard  type.  The  bents  are  15  ft.  on  centers, 
and  each  bent  consists  of  six  piles.  The  piles  are  of  Oregon  fir, 
and  in  lengths  ranging  from  60  to  120  ft.,  the  penetrations  in  some 
cases  being  as  great  as  60  ft.,  depending  on  the  depth  of  the  mud. 

The  specifications  call  for  piles  of  10-in.  tip  in  the  pier  foundations, 
and  for  a  9-in.  tip  for  those  used  in  the  trestles.  The  butt  diameters 
were  limited  only  by  the  width  of  the  gin,  which  was  22  in.  The 
trestle  piles  were  creosoted;  those  for  the  foundation  piers  supporting 
the  structural  steel  spans  were  not  creosoted.  Fig.  1,  Plate  VIII, 
shows  the  pile-drivers  used. 

Test  piles,  driven  at  about  300-ft.  centers  along  the  proposed  bridge 
axis,  indicated  that  the  depth  of  the  mud  varied  from  2  to  4  ft.  near  the 
middle  of  the  channel,  and  from  16  to  18  ft.  toward  the  shores  of 
the  bay.  Under  the  mud  was  found  a  stratum  of  fine  black  sand, 
mixed  with  gravel,  averaging  from  15  to  20  ft.  in  depth,  and  below 
this  a  hard  clay.  It  is  interesting  to  note  that  no  trace  of  clay  was 
found  by  the  Spring  Valley  Water  Company  when  making  tests 
only  about  500  ft.  to  tlie  north  and  on  a  line  paralleling  the  Dumbarton 
structure. 

According  to  the  original  plans,  it  was  the  intention  to  extend  the 
wooden  trestles  from  each  shore  for  the  full  approach  lengths  to  the 
rest  piers  of  the  draw  span;  but  when  the  east  approach  had  been 
completed  to  within  about  120  ft.  of  the  draw,  on  August  21st,  1907, 
at  3  A.  M.,  a  length  of  about  120  ft.  of  trestle  was  undermined  and 
washed  out,  precipitating  the  pile-driver  equipment  into  the  bay. 
There  was  no  storm  at  the  time;  the  accident  was  due  entirely  to  the 
currents  produced  by  the  outgoing  high  tide. 

These  difficulties  at  once  prompted  a  modification  of  the  original 
trestle  plans.  It  was  first  proposed  to  alter  200  ft.  of  the  east  ap- 
proach and  600  ft.  of  the  west  approach,   immediately  adjoining  the 
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Fig.   1. — Erection  of  Falsework   for  Pivot   Pier.  Dumbarton   Point  Draw. 


Fig.   2. — Erection  of  Falsework:  foi:  Pivot   Pikr,    Dumbarton   Point  Draw. 


PLATE  X. 

PAPERS,   AM.   SOC.  C.   E. 

JANUARY,   1913. 

SCHNEIDER   ON 

DUMBARTON   BRIDGE  CONSTRUCTION. 


l"n..    1.      I.\  ii.Kiui; 


Grliiii-FiiA.Mii   i.-oi:   I'lvi 
Dumbarton   Point  Draw. 


i    I'lKi;   (:A.-,i.> 


Fig.  2. — Three   Lower  Courses  of  Steel   Shell  for  Center  Pier, 
Dumbarton  Point  Draw. 
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draw  span,  by  supporting  the  track  for  these  distances  on  eleven 
double-track  pile  bents.  After  a  few  of  these  bents  had  been  driven, 
it  was  seen  that,  by  this  method,  the  trestle  could  not  be  built  steady 
enough  to  prevent  vibration  while  high  tides  were  running  out.  Thus 
a  second  modification  was  decided  on,  substituting  for  portions  of  the 
trestle  approaches,  six  180-ft.  steel  spans,  three  on  each  side  of  the 
draw   (Fig.  2). 

At  this  location  in  the  bay,  unusual  and  difficult  foundation  prob- 
lems presented  themselves,  due  to  depth  of  water,  the  tides,  and  the 
nature  of  the  soil.  The  depth  of  water  at  the  pivot  pier  at  mean 
low  tide  is  51  ft.;  at  extreme  high  tide  it  is  58.3  ft.,  with  an  extreme 
range  of  tide  levels  of  11.7  ft.  Very  rapid  currents  were  caused 
by  the  large  prisms  of  water  required  to  pass  through  the  narrow 
channel,  approximately  1 500  ft.  wide.  Measurements  registered  a 
maximum  flow  of  4^  miles  per  hour. 

These  conditions  finally  led  the  engineers  to  adopt  cylinder  founda- 
tions to  support  the  steel  superstructure,  and  these  have  proved  entirely 
satisfactory.  They  selected  for  the  type  of  pier  a  cylindrical  steel 
shell,  enclosing  piles  and  concrete.  A  description  of  the  40-ft.  pivot 
pier  will  illustrate  the  type,  which  was  also  used  for  all  smaller  piers. 
Eight  clusters  of  piles  were  driven  to  form  a  hollow  square,  48  ft. 
on  a  side,  with  the  center  of  the  square  at  the  center  of  the  pier. 
About  10  ft.  of  mud  and  sand  were  then  dredged,  using  an  orange- 
peel  bucket.  The  dredged  material  was  placed  in  a  bottom-dropping 
scow,  transported,  and  dumped  into  the  bay  a  short  distance  from  the 
bridge  site.  Falsework  (Figs.  1  and  2,  Plate  IX),  consisting  of 
four  wooden  trusses,  44  ft.  long  and  14  ft.  high,  was  constructed  of 
12  by  12-in.  timbers  and  supported  on  the  pile  clusters,  for 
the  purpose  of  sustaining  and  erecting  the  guide-frame  (Fig.  2, 
Plate  VIII)  for  the  steel  cylinders.  The  guide-frame  consisted  of 
twelve  20-in.,  65-lb.  I-beams,  80  ft.  long,  placed  upright  to  form  a 
regular,  twelve-sided  polygon  about  39  ft.  in  diameter.  These  I-beam 
columns  were  braced  horizontally  at  intervals  of  12  ft.  6  in.  by  two 
12-in.  channels  placed  back  to  back,  as  shown  by  Fig.  1,  Plate  X. 
Additional  stiffening  was  obtained  by  reinforcing  the  top  and  bottom 
of  these  12-in.  channels  at  their  mid-points  with  8-in.  channels.  Thus 
was  formed  a  series  of  trusses  (Fig.  3)  which  added  greatly  to  the 
lateral  stiffness  of  the  entire  frame.     In  general  appearance  the  guide- 
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Fig.   1. — Driving   Foundation   Piles  for   Pivot   Pikr,   Dumbarton  Point   Draw. 


Fig.  2. — Placing  Concrijte  in  Pivot  Pier,  Dumbarton  Point  Draw. 
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KiG.    1. — CoN'CRETE    Plant,    Pivot    Pier.    Dumbarton    Point    Draw. 


Fig.   2. — Pui.MNG   Falsework    Dolphin   Piles.   Dumbarton   Point  Draw. 
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frame  resembled  the  framework  for  a  gas  holder  (Fig.  1,  Plate  XI). 
As  the  frame  was  built  it  was  lowered  by  tackle  until  it  rested  on 
the  soil.  Then  it  was  weighted  to  refusal  by  loading  300  tons  of 
steel  on  its  top.  To  assist  in  securing  an  even  settlement,  a  |-in. 
water  jet  was  used,  while  the  I-beam  columns  were  tapped  with  a  pile 
hammer.  The  guide-frame  came  to  refusal  when  the  first  set  of 
horizontal  channel  struts  rested  on  the  sand  bottom.  These  struts 
were  17  ft.  4  in.  above  the  lowest  parts  of  the  frame.  The  three  lower 
courses  (Fig.  2,  Plate  X)  of  the  steel  cylinder  were  then  assem- 
bled on  the  falsework,  and  with  rope  tackles  were  lowered  as  a 
unit  into  position.  A  clearance  of  4  in.  was  allowed  between  the  outer 
flange  of  the  upright  I-beams  and  the  webs  of  the  guide-channels 
which  were  attached  to  the  shell.  A  rail  was  fastened  to  the  top  of 
the  section  of  the  shell  with  clips  at  each  of  the  twelve  points  adjacent 
to  the  upright  I-beam  columns  of  the  guide-frame.  These  rails 
were  used  as  level  rods,  being  appropriately  marked.  The  shell  was 
driven  to  refusal,  with  an  even  settlement,  the  bottom  edge  resting 
6  ft.  below  the  lowest  horizontal  struts  of  the  guide-frame. 

The  space  within  the  cylinder  shell  was  then  further  excavated, 
the  center  portion  being  dredged  about  5  ft.  deeper  than  at  the  outside, 
which  just  about  offset  the  uplift  of  the  ground,  due  to  the  driving 
of  the  outside  row  of  piles  first  and  working  toward  the  center  with 
succeeding  piles.  Two  skid  pile-drivers,  with  an  overhang  of  30  ft., 
were  used  (Fig.  1,  Plate  XII),  working  from  the  pier  protection 
used  to  support  them.  Inside  the  steel  cylinder  141  piles  were  driven, 
at  about  32-in.  centers,  as  shown  by  Fig.  3.  Care  was  taken  to  place 
each  pile  as  nearly  as  possible  to  match  its  position  on  the  pile  plan. 
A  pile,  in  position  for  driving,  is  shown  by  Fig.  2,  Plate  XL  A 
diver  cut  off  two-thirds  of  the  piles  at  an  average  height  of  3  ft. 
above  the  bottom  of  the  cylinder;  the  remaining  piles  extended  to 
within  15  ft.  of  the  top  of  the  pier,  or  about  13  ft.  below  the  top  of 
the  guide-frame. 

Before  the  second  unit  of  the  steel  cylinder  was  placed,  the  lower 
section  was  filled  with  concrete  to  within  1  ft.  of  its  top,  this  being 
the  highest  level  to  which  the  concrete  could  be  placed  without  dis- 
turbance from  the  tidal  currents  passing  over  the  top  of  the  section. 
A  bottom-dump  bucket  was  used,  having  a  capacity  of  18  cu.  ft.  Care 
was  taken  to  provide  an  even  distribution  of  concrete.     A  diver  was 
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Fig.   1. 


-Erection  of  Guide-Frames,  West  Abutment  Piek, 
DuMB.iRTON   Point  Draw. 


Fig.   2. — Skid  Pii.e-Driver  on  Scow,  with  Pile  CuT-OiF  in   Gins,  East 
Abut.ment,   Dumbarton   Point   Draw. 
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Fig.   1. — Cutting  Off  Pilks  in  Pier  2,  Abuximent  4,   Dumbarton   Poi.nt. 


Fig.  2. — Cylinders  is   Place,   Abutment   4,   Dumbarton   Point. 
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Fig.   1. — LooKiXG  West  from  Bniune-Housk,  o.n  Dumbarton   Poixt   Drawspan. 
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Fig.    2. — Derrick    Car,    IIandli.n'g     Bridgk    Material. 
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employed  continuously.  He  found  that  the  concrete  materials  had 
very  little  tendency  to  spread,  because  the  concrete  was  being  deposited 
in  still  water.  The  second  unit  of  the  shell  was  then  assembled  and 
lowered  to  place. 

To  provide  for  a  good  connection  between  the  units,  a  rather  unique 
detail  (Fig.  4)  was  evolved.  The  guide-frame  was  relied  on  to  bring 
the  joints  to  proper  position  and  hold  them  there,  but,  to  insure  a 
more  perfect  bearing,  continuous,  flanged-steel  plates,  ^  in.  thick,  were 
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Fig.  4. 


riveted  around  the  entire  outside  of  the  cylinder  on  the  upper  sections 
at  Joints  5,  8,  and  11.  Flanged  clips,  of  i-in.  steel  plates  8  in.  long, 
were  placed  around  the  interior  of  the  cylinder,  and  were  2  ft.  from 
center  to  center.  Thus  a  butt  joint  was  formed,  with  cylindrical 
flange  plates  on  the  outside  and  flange  clips  on  the  inside.  This 
portion  of  the  work  was  also  watched  very  carefully  by  a  diver  as 
the  unit  was  lowered  into  position,  the  result  being  that  an  even 
bearing  was  obtained  and  also  a  very  satisfactory  connection. 
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Fig.  1. — DotTBLE  Derrick  Traveler  for  Erection  of  Dumbarton  Point  Draw. 


Fig.    2. — Erection    of    Dumbakton    Point    Draw. 
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-Erection    of    Dumbarton    Point    Draw. 


Fig.    2. — Dumbarton   I'oi.nt    Draw. 
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Fig.    1. — Floating   Span    5    Into   Position,   Dumbarton    Point    Bridge. 


Fig.   2. — Floating   Span   1    Into   Position,   Dumbarton   Point   Bridge. 
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Concrete  was  placed  to  a  level  of  about  7  ft.  from  the  top  of  the 
second  unit  in  the  same  manner  as  already  described.  The  various 
operations  were  continued  until  the  pier  vpas  completed  to  a  level 
above  the  permanent  water  line.  After  this  stage  of  the  work  1  000-lb. 
coal  buckets  were  used  to  place  the  concrete,  as  shown  by  Fig.  2, 
Plate  XII,  and  Fig.  1,  Plate  XIII. 

The  falsework  trusses  were  dismantled  and  taken  down  when  the 
last  section  of  the  steel  cylinder  had  been  lowered  into  place  (Fig.  2, 
Plate  XIII).  The  piles  of  the  falsework  dolphins  were  pulled  with 
the  aid  of  two  donkey  engines. 

The  construction  for  the  end  abutment  piers  of  the  draw  span,  and 
also  for  the  piers  of  the  approach  spans  (Fig.  1,  Plate  XIV),  was 
carried  on  in  approximately  the  same  way  as  for  the  pivot  pier,  so  far 
as  work  below  water  was  concerned.  As  no  protection  was  provided 
for  the  abutment  piers,  the  foundation  piles  were  driven  with  a  skid 
driver  resting  on  a  scow.  This  driver  (Fig.  2,  Plate  XIV)  was 
elevated  on  cribwork  to  provide  the  necessary  clearance  above  the  guide- 
frames.  In  the  smaller  piers  only  5  of  the  25  piles  were  cut  off  at  a 
low  level  by  a  diver  (Fig.  1,  Plate  XV) ;  the  remaining  20  piles 
were  allowed  to  extend  well  up  into  the  top  of  the  shell. 

With  the  exception  of  the  pivot  pier,  all  foundation  cylinders 
were  18  ft.  in  diameter  to  an  elevation  2  ft.  above  high  water.  Above 
this  level  the  diameter  for  the  steel  shells  of  the  abutment  piers  for 
the  draw  span  was  reduced  to  12  ft.  (Fig.  2,  Plate  XV) ;  for  the 
cylinders  under  the  fixed  spans  the  diameter  was  reduced  to  14  ft. 
These  reductions  in  diameter  permitted  of  an  easy  adjustment  due  to 
errors  in  alignment  in  placing  the  lower  shells   (Fig.  5). 

To  insure  a  good  bond  in  the  cylinder  piers  at  the  sections  where 
the  18-ft.  diameter  was  reduced  to  12  or  14  ft.,  fifteen  10-ft.  lengths 
of  old  steel  rail  were  placed  vertically  in  each  cylinder,  and  spaced 
around  a  circumference  about  15  in.  inside  of  the  upper  cylinder. 
These  rails  were  lashed  to  the  pier  girders  by  steel  cables,  holes  being 
cut  through  the  webs  of  the  girders  where  required. 

Each  of  the  two  rest  piers  of  the  draw  span  consisted  of  four 
cylinders  (Fig.  1,  Plate  XVI).  Above  the  water  line  the  12-ft.  sec- 
tions were  braced  and  tied  together  by  four  plate  girders,  each  96  in. 
in  depth.  The  two  girders  running  parallel  to  the  track  line  extended 
through  and  were  riveted  to  the  farther  sides  of  the  cylinders.     The 
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Fig.   1. — Fi.'iAiiNi;    Si'Ax    5    Into    Position,   Dumbarton   Point   Bridge. 


Fig.    2. — Fixed   End   of   Span    1,    Dumbarton    Point    Bridge. 
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Fig.  1. — Lift  Rails,  Dumbarton  Point  Bridge. 


Fig.    2. — Dumbarton    Point    Bridge. 
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two  cross-girders  were  framed  into  the  longitudinal  ones.  To  provide 
clearance  for  placing  the  grillage  beams  under  the  bridge  shoes,  it  was 
necessary  to  cut  from  each  end  of  each  girder  a  portion  of  the 
top  flange  and  web. 

Each  pier  under  the  approach  spans  consisted  of  two  cylinders,  the 
lower  sections  18  ft.  in  diameter,  the  upper  ones  14  ft.  in  diameter, 
as  already  explained.  The  14-ft.  sections  were  tied  together  by  two 
plate  girders,  each  7  ft.  2  in.  in  depth. 

The  anchor-bolts  for  all  spans  were  placed  as  the  concrete  was 
poured.  The  only  provision  made  for  adjustment  was  that  provided 
by  the  slotted  holes  of  the  shoes. 

The  erection  of  the  draw  span  required  no  unusual  methods.  The 
material  as  it  arrived  from  the  plant  was  unloaded  along  the  tracks, 
so  that  it  could  be  placed  on  a  barge  as  required.  The  unloading 
derrick  (Fig.  2,  Plate  XVI)  was  somewhat  out  of  the  ordinary  in 
that  the  A-fi"'^'"€'  '^^'^'^  pin-connected,  whieli  i)ermitted  it  to  Ix'  raised 
or  lowered,  an  important  and  advantageous  feature  in  railroad  work. 
The  draw-span  trusses,  floor,  and  bracing,  were  assembled  and  erected 
on  the  draw-span  protection  in  a  position  at  right  angles  to  the  line 
of  track.  A  double  derrick  or  traveler  (Fig.  1,  Plate  XVII),  running 
on  4  lines  of  rails,  enabled  the  erecting  crew  to  make  rapid  progress. 
The  span  was  assembled  complete  (Fig.  2,  Plate  XVII),  ready  for 
riveting  in  14  days.     Figs.  1  and  2,  Plate  XVIII,  show  the  draw  span. 

The  six  approach  spans  were  floated  into  position.  To  facilitate 
their  erection  on  land,  pile  bents  were  driven  in  the  shallow  water  of 
the  bay  shore  on  the  Newark  side.  A  sufficient  number  of  pile  bents 
of  this  character  were  built  to  permit  the  assembling  of  two  spans  at 
once  (Fig.  1,  Plate  XIX).  When  one  span  was  thus  assembled 
and  completely  riveted,  the  temporary  trusses  of  the  falsework  were 
knocked  out  and  barges  were  placed  in  position.  The  old  steamer 
Thoroughfare,  which  for  many  years  had  been  used  to  ferry  freight 
cars  across  San  Francisco  Bay,  incidentally  having  been  condemned 
by  the  Government,  was  cut  in  two,  bulkheaded,  and,  as  though  by 
the  irony  of  fate,  assisted  in  the  erection  of  the  bridge  which  is 
destined  to  relegate  to  the  past  the  scheme  of  bay  transportation, 
for  which   the  old  steamer  was  originally  built. 

Particular  care  was  used  in  selecting  the  time  to  float  the  various 
approach  spans  into  position  on  the  cylinder  piers.     At  the  erection 
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site  the  barges  were  placed  under  the  spans  at  low  water,  so  that  the 
rising  tide  would  lift  the  steelwork  clear  from  the  temporary  pile 
supports.  The  spans  were  towed  against  the  tide  (Fig.  2,  Plate 
XIX).  When  a  span  got  into  position  between  its  cylinder  piers 
(Fig.  1,  Plate  XX)  block  and  tackle  lines  were  thrown  out  and 
made  fast  to  the  piers.  These  lines  were  connected  with  donkey 
engines  and  capstans,  so  that  a  span  could  be  adjusted  to  its  proper 
position  over  the  grillage  beams  (Fig.  2,  Plate  XX)  and  hold  it 
while  being  lowered.  The  lowering  was  accomplished  by  opening  sea 
valves  in  the  barge.  When  the  span  was  in  place  on  the  grillage,  the 
cribbing  was  knocked  out  and  the  barge  withdrawn.  The  average 
time  required  to  place  a  span,  from  the  time  it  left  the  falsework 
on  the  shore  until  the  removal  of  the  barge  from  under  it  at  the  piers, 
was  about  2  hours,  but  in  each  case  depended  somewhat  on  the  dis- 
tance the  span  had  to  be  towed. 

To  provide  for  a  continuous  rail  (Fig.  1,  Plate  XXII)  at  the  ends 
of  the  draw  .span,  the  inside  flanges  of  the  guide  and  traffic  rails 
were  cut  off  flush  with  the  web  to  permit  the  rails  to  slip  over  a 
cast-steel  filler  block.  The  rails  were  hinged  with  a  slotted  hole  at  the 
other  end  where  a  similar  casting  was  placed.  The  engine  which 
provides  turning  power  for  the  draw  also  operates  the  end  track- 
lifting  devices.  The  bridge  is  opened  or  closed  in  2  min.  Fig.  2, 
Plate  XXII,  is  a  view  of  the  completed  bridge. 

About  15  000  cu.  yd.  of  concrete  were  placed  in  the  foundations ; 
3  137  cu.  yd.  were  required  for  the  pivot  pier.  The  total  weight  of  steel 
is  5  935  tons,  divided  about  as  follows :  draw  span,  including  machinery, 
1215  tons;  center  pier,  250  tons;  six  180-ft.  approach  spans,  480  tons 
each ;  in  all  approach  and  rest  piers,  1  590  tons. 

The  work  was  designed  and  constructed  under  the  supervision 
of  William  Hood,  M.  Am.  Soc.  C.  E.,  Chief  Engineer,  Southern 
Pacific  Company,  to  whom  the  writer  is  indebted  for  much  of  the 
information  contained  in  this  paper.  The  field  work  was  in  charge 
of  Mr.  W.  E.  Marsh,  Assistant  Engineer,  until  his  death,  in  September, 
1909.  Too  much  credit  cannot  be  given  to  Mr.  Marsh  for  devising 
with  success  the  many  field  details  and  operations  which  were  developed 
as  the  work  progressed.  Mr.  C.  R.  Broughton,  his  assistant,  then 
took  charge  of  the  field  work,  and  to  him  and  to  Mr.  C.  M.  Kurtz, 
who  took  the  photographs,  the  writer  is  under  obligations  for  assistance 
in  collecting  the  facts  described  in  this  paper. 
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A  WESTERN  TYPE  OF  MOVABLE  WEIR  DAM. 

Discussion.* 


Bv  W.  C.  Hammatt,  M.  Am.  Soc.  C.  E.f 


W.  C."  Hamaiatt,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  Mr. 
glad  if  his  paper  has  added  anything  to  the  knowledge  of  small  inex-  Hammatt. 
pensive  structures  for  canals,  etc.,  but  does  not  wish  to  be  understood 
as  recommending  the  use  of  timber  as  a  construction  material,  except 
in  the  extremely  rare  occasions  of  economic  utility.  Under  ordinary 
conditions,  the  cost  of  reinforced  concrete  is  only  50%  more  than  the 
equivalent  timber  construction,  and  this  should  generally  make  its 
use  preferable. 

;Mr.  Atwood  states  that  this  type  of  dam  is  more  adapted  to  use 
in  irrigation  canals  than  in  streams,  due  to  the  likelihood  of  driftwood 
in  the  latter  lodging  against  the  bents  in  time  of  flood.  As  a  matter 
of  fact,  dams  of  this  type  are  iised  extensively  in  rivers,  the  drift  being 
taken  care  of  by  floating  log  booms  arranged  so  as  to  conduct  it  into 
still  water.  On  the  other  hand,  structures  of  any  tyije  having  remova- 
ble parts  which  are  seated  in  grooves  or  sockets  in  the  floor  are  found 
to  be  impracticable  in  Western  rivers  because  of  the  deposition  of 
sand  on  the  floor  on  the  recession  of  the  flood.  In  the  case  of  the 
flash-board  weir,  this  sand  is  scoured  by  the  increased  velocity  on  the 
approach  of  the  board  as  it  is  dropped  in  the  grooves,  and  the  board 
seats  itself  in  a  few  minutes,  regardless  of  the  quantity  of  sand  which 
has  been  deposited. 

In  the  rivers  of  the  West  the  flow  conditions  differ  from  those  of  the 
East.  For  example,  the  flow  in  the  San  Joaquin  Kiver  ranges  from 
about  200  sec-ft.  minimum  to  more  than  50  000  sec-ft.  maximum. 
The  sudden  termination  of  one  of  these  floods  will  cause  the  deposit 
of  sometimes  as  much  as  3  ft.  of  sand  on  the  floor  of  the  weir. 

•  Continued  from  November,  1912,  Proceedings. 
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Mr.  Regarding  the  question  of  scour :   In  general,  the  weir  floor  is  made 

'  long  enough  so  that  there  is  not  much  tendency  in  that  direction. 
If  the  length  of  the  floor  is  such  that  a  line  from  the  top  of  the  weir, 
making  an  angle  of  45°  with  the  horizontal,  falls  within  the  limits 
of  the  floor,  there  is  little  tendency  to  scour.  Generally,  there  is  no 
occasion  to  put  in  the  small  auxiliary  bulkhead  shown  in  the  writer's 
plan,  as  a  sand-bar  almost  always  forms  a  short  distance  below  the 
weir,  which  ha,s  the  same  effect,  as  it  backs  up  the  water  and  forms 
a  water-cushion  to  break  the  impact  of  the  overpour.  The  same  effect 
is  obtained  by  placing  the  elevation  of  the  weir  floor  1  or  2  ft.  below 
the  grade  of  the  canal  or  river  bottom. 

The  expedient  suggested  by  Mr.  Atwood,  namely,  that  of  sloping  the 
floor  upward,  would  have  an  effect  the  opposite  of  that  desired.  The 
velocity  of  a  certain  volume  of  water  falling  over  a  vertical  weir 
is  less  than  that  of  the  same  volume  falling  over  a  weir  inclined  down 
stream.     Consequently,  the  scour  would  be  less  in  the  former  case. 

In  conclusion,  it  may  be  stated  that  this  type  of  structure,  built 
of  the  material  which  will  give  the  maximum  service,  and  with  the 
substructure  best  adapted  to  the  foundation  on  which  the  weir  is  to 
stand,  is  probably  the  least  expensive  of  any  of  the  movable  types 
for  waterways  where  the  floods  are  flashy  and  a  large,  and  at  the  same 
time  accurate,  regulation  is  desired. 
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THE  SIXTH  AVENUE  SUBWAY 
OF   THE    HUDSON   AND    MANHATTAN   RAILROAD. 

Discussion.* 


By  H.  G.  Burrowes,  M.  Am.  Soc.  C.  E.f 


H.  G.  Burrowes,  M.  Am.  Soc.  C.  E.  (by  letter). — In  regard  to  the  Mr. 
water-proofing,  the  membranous  method  had  been  used  between  12th 
and  27th  Streets,  and  had  not  given  entire  satisfaction,  as  leaks  had 
developed  after  completion ;  therefore,  in  order  to  obtain  better  results, 
Keystone  Water-Proofing  Compound  was  used  experimentally  between 
27th  and  33d  Streets.  In  general,  it  was  satisfactory,  except  at  sta- 
tions, because  a  leak  which  would  be  unnoticed  between  stations,  would 
be  very  unsightly  and  objectionable  at  a  station. 

As  it  was  necessary  to  construct  the  subway  in  alternate  slices  or 
sections,  first  under  the  elevated  column  bents  and  then  between  these 
bents,  there  were  numerous  joints,  and  it  was  there  that  the  leaks 
occurred,  and  also  at  places  where  structural  steel  extended  through 
the  concrete  or  where  reinforcing  rods  ended  close  to  its  inner  face. 
These  leaks  were  stopped  by  cutting  away  several  inches  of  concrete 
from  the  inside  and  then  plastering  with  cement  mixed  with  water- 
proofing compound,  by  grouting,  and,  in  some  cases,  where  the  back- 
fill had  not  been  completed,  by  stripping  the  roof  and  then  placing 
brick  laid  in  hot  asphalt. 

The  cost  was  much  less  than  with  the  membranous  method,  for 
not  only  was  the  cost  of  the  compound  less  than  that  of  the  membrane, 
but  the  outer  protecting  masonry  and  the  additional  excavation  for  it 
became  unnecessary;  even  by  adding  the  amounts  spent  on  stopping 
leaks,  there  was  an  ultimate  saving. 
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Mr.  It  is  very  doubtful  whether  better  results  could  have  been  obtained 


Burrowes. 


by  tlie  use  of  additional  cement,  as  the  leaks  were  due  to  the  joints 
in  the  concrete  between  sections  as  built  and  to  the  presence  of  steel 
which  extended  through  or  nearly  through  the  concrete  roofs. 

Under  the  practical  conditions  that  prevail  in  executing  such  work, 
it  is  probable  that  some  leaks  would  have  occurred,  no  matter  what 
class  of  water-proofing  had  been  used.  The  conclusion  reached  was 
that  the  use  of  the  compound  was  satisfactory  between  stations,  but 
that  at  the  stations  the  water-proofing  results  were  not  positive  enough. 

The  decision  to  use  reinforced  concrete  instead  of  structural  steel 
was  made  for  the  reason  that  there  is  a  slight  saving  in  quantities 
due  to  the  iise  of  the  former,  as  stated  by  Mr.  Wliitney;  and,  in  addi- 
tion to  this,  the  unit  cost  of  the  rods  was  less,  and  at  the  time  that 
this  structure  was  designed,  prompt  delivery  of  structural  material 
could  not  be  obtained,  while  rods  could  always  be  had. 
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Discussion.* 


By  E.  G.  Hopson,  M.  Am.  Soc.  C.  E. 


E.  G.  Hopson,  M.  Am.  Soc.  C.  E,  (by  letter). — This  paper  deals  ^j.. 
with  more  advanced  topics,  in  connection  with  the  control  of  National  Hopson. 
and  State  waters,  than  the  average  man  is  qualified  to  follow  closely 
or  to  endorse  in  their  entirety.  Mr.  Lewis  does  not  write  on  these 
matters  as  a  novice  or  a  mere  theorist,  but  as  a  responsible  State 
official  who  has  administered  successfully  the  regulation  of  State 
waters  for  many  years. 

It  is  generally  admitted,  by  those  qualified  to  judge,  that  the 
water  laws  of  Oregon  are  among  the  most  carefully  devised  and 
effective  of  any  in  force  in  the  United  States.  They  contain  certain 
admitted  defects,  more  particularly  in  connection  with  the  control 
of  water-power,  which  may  be  expected  to  be  eliminated  during  the  next 
few  years,  as  experience  ripens;  but  the  general  provisions  governing 
diversions,  application  to  beneficial  use,  and  appurtenancy  to  lands,  are 
generally  beyond  serious  criticism,  except  in  details. 

It  is  premature,  of  course,  to  claim  too  much  for  the  Oregon  system 
of  water  titles  and  control,  their  application  being  as  yet  quite  young. 
Their  ultimate  value  and  success  depend  almost  wholly  on  the  capacity 
and  integrity  of  the  ofiicials  whom  the  State  may  appoint.  Very  few 
officials  have  had  better  experience  than  Mr.  Lewis  in  water-right 
matters,  or  have  devoted  more  energy  and  care  to  the  numerous  com- 
plex problems  that  are  continually  arising  therefrom.  He  has  been 
both  an  appointed  and  popularly  elected  State  officer,  having  especial 
jurisdiction  over  the  interests  and  prerogatives  of  the  State  in  its  con- 
trol  of   State   waters.     All   his   official   associations   and   connections 
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necessarily  have  tended  to  emphasize  in  his  mind  the  doctrine  of 
State  control  of  water.  Therefore  it  is  especially  significant  when  a 
man  of  this  type  comes  forward  to  affirm  the  importance  and  necessity 
of  radical  augmentation  of  Federal  power  in  the  control  of  public 
waters. 

The  Oregon  Water  Laws,  like  similar  laws  in  other  States,  affirm 
the  ownership  by  the  State  of  all  streams  within  the  State,  and  establish 
rules  governing  their  use;  but  an  administrative  State  officer  in  charge 
of  the  practical  application  of  these  rules  finds  himself  faced  with 
apparently  insoluble  inconsistencies.  Taking  the  State  of  Oregon  as 
typical,  there  are  the  following  complications :  First,  the  national  forest 
reservations,  mainly  occupying  the  great  mountain  ranges,  in  which 
most  of  the  sources  of  the  rivers  lie,  are  under  the  exclusive  and 
permanent  administration  and  ownership  of  the  United  States.  The 
appropriations  and  uses  of  water  in  these  reserves,  from  every  practical 
standpoint,  rest  wholly  with  the  United  States,  and  not  with  the  State, 
notwithstanding  the  doctrine  of  State  control  of  all  waters  within  the 
State.  It  will  be  readily  understood  by  engineers  that  the  Federal 
control  of  storage  and  diversions  within  these  reservations  necessarily 
conflicts  with  and  renders  partly  non-effective  any  system  of  State 
control  lower  on  the  streams. 

Then  again,  there  are  the  various  reservations  of  reservoir  sites 
and  power  sites  under  the  Reclamation  Act  and  for  the  conservation 
of  water-power.  These  continually  run  counter  to  the  obvious  intent 
of  the  administration  of  the  State  laws  controlling  water  use,  be- 
cause a  State  permit  to  use  water  for  irrigation  or  power  is  useless  in 
a  large  proportion  of  cases  without  the  utilization  of  the  sites  embraced 
in  the  reservations. 

Then,  again,  there  are  the  indefinite  rights  of  the  Indian  reserva- 
tions, which  in  many  cases  are  claimed  to  be  superior  to  rights  granted 
under  the  State  laws  to  white  settlers.  These  offer  a  complication  not 
so  serious  as  some,  but  certainly  embarrassing. 

Next  there  are  inter-state  streams,  which  meander  to  and  fro  across 
the  borders  of  the  State,  and  on  which  adverse  appropriations  are 
made,  first  in  one  State  and  then  in  another,  both  being  under  abso- 
lutely independent   State  jurisdictions. 

Then  there  are  the  navigable  waters,  under  an  indefinite  control 
by  the  National  Government.  It  is  evident  to  any  thinking  person  that 
control  of  the  navigability  of  a  stream  necessarily  implies  some  measure 
of  control  of  the  feeders  of  that  stream.  If  the  Government  is  to 
spend  millions  to  deepen  channels,  build  locks,  dams,  and  other  im- 
provements, and  be  responsible  for  the  maintenance  of  deep  water  for 
navigation,  it  is  evident  that  it  cannot  permit  private  parties  at  their 
pleasure,  even  under  State  permits,  to  make  diversions  adverse  to 
navigation    interests.      Hitherto,    this    question    has    not    assumed   the 
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pressing  importance  that  it  will  in  years  to  come,  because  the  popula-  Mr. 
lion  of  the  Western  States  and  its  utilization  of  water  are  still  com-  ""P'*'^'"- 
paratively  small;  already,  however,  at  certain  points,  there  are  unmis- 
takable indications  of  a  clash  between  the  opposing  interests  of  naviga- 
tion and  State-regulated  appropriations.  On  one  important  California 
river,  navigation  is  being  seriously  threatened  by  such  diversions,  and 
there  is  no  body,  either  Federal  or  State,  which  has  power  to  make 
an  expert  decision  on  the  merits  of  the  case  in  the  public  interest. 
In  the  meantime,  important  private  interests  are  being  permitted  to 
grow  up.  with  the  sanction  of  the  State  and  under  the  eyes  of  the 
Federal  officials  having  charge  of  navigation,  which  inevitably  must 
result  in  serious  complications  and  losses  in  the  future,  but  which 
both  State  and  Federal  officials  are  powerless  to  prevent. 

The  greater  part  of  Oregon  is  within  the  water-shed  of  two  great 
navigable  rivers,  the  Columbia  and  the  Willamette.  On  both  these 
streams  the  Government  is  expending  large  sums  of  money  in  naviga- 
tion improvements.  The  Willamette  is  an  intra-state  river;  the 
Columbia  carries  drainage  from  all  the  Northwestern  States,  as  well 
as  from  Canada.  The  summer  navigation  of  both  may  be  impaired 
to  a  marked  degree  when  the  various  diversions  believed  to  be  feasible 
and  desirable  have  been  completed. 

Serious  differences  of  opinion  are  also  arising  from  time  to  time 
over  the  uses  to  which  inland  inter-state  navigable  bodies  of  water 
should  be  put,  whether  to  be  used  for  reservoirs,  drained  and  reclaimed, 
or  continued  as  mere  navigable  lakes.  At  present  special  Congres- 
sional action  is  necessarj'  in  each  case,  and  is  an  uncertain  and  un- 
satisfactory recourse. 

It  is  probable  that  in  the  majority  of  cases  public  interests  will 
be  best  served  by  giving  preference  to  diversions  for  beneficial  use 
over  use  for  navigation.  The  point  of  interest  is  that  each  case  be 
considered  on  its  merits  at  the  proper  time,  and  a  definite  policy  be 
laid  down  by  some  competent  authority,  which  obviously  cannot  be 
a  creation  of  the  State. 
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CuFFOHD  Richardson,  M.  Am.  Soc.  C.  E.  (by  letter). — The  title  Mr. 
of  this  paper  might  well  have  been  puzzolan  cement,  instead  of  tufa  son. 
cement,  in  order  to  make  it  more  intelligible  to  the  cement  expert. 
From  a  geological  point  of  view  tufa  is,  no  doubt,  a  more  accurate 
designation  of  the  material  in  use  in  California  than  puzzolan,  but 
the  latter  is  commonly  u.sed,  as  witnessed  by  the  title  of  Part  VII  of 
Eckel's  "Cements,  Limes  and  Plasters,"  which  is  "Puzzolan  Cements." 
Eckel  includes  among  puzzolanic  materials  "all  those  natural  or 
artificial  materials  which  are  capable  of  forming  hydraulic  cements  on 
being  simidy  mixed  with  lime,  without  the  use  of  heat."  It  is  stated 
l)y  Mr.  Lippincott  that  by  mixing  the  ground  California  tufa  with 
lime,  without  any  cement,  it  would  set  under  water  and  slowly  be- 
come hard.  The  material,  therefore,  may  be  recognized  as  being 
puzzolanic.  From  the  analyses  of  the  tufa  in  use  in  California, 
it  appears  that  those  denominated  Fairmount  and  Monolith  contain 
a  much  higher  percentage  of  silica  than  is  found  in  the  puzzolans 
from  Italy  and  France,  and  in  tlie  trass  from  Germany,  the  percentage 
of  silica  in  the  Italian  materials  varying  from  39  to  a  maximum  of 
03,  in  those  of  France  from  31  to  48,  and,  in  the  case  of  the  trass 
from  Germany,  46  to  67.6,  according  to  Eckel.  The  California  ma- 
terial corresponds  more  closely  in  composition  to  santorin  earth,  which 
i-arries  as  much  as  73%,  and  averages  66.4%,  of  silica.  Unfortunately, 
nu  data  are  available  showing  what  proportion  of  the  silica  in  any 
of  the  materials  occurring  abroad,  or  in  those  in  California,  is  soluble 

*  Continued  from  December,  1912,  Proceedings. 
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Mr.       in   acid,   as   it   is   hydrated   silica,  of   this   description   which   possesses 


Richard- 
son. 


the  greatest  hydraulic  value.  There  seems  to  be  no  question,  however, 
but  that  the  ground  mixture  of  Portland  cement  and  California  tufa 
produces  a  true  puzzolanic  cement. 

It  appears  that  the  tufa  in  California,  is  ground  and  then  blended 
with  the  Portland  cement.  It  is  natural  to  suppose  that  the  tufa 
cannot  be  economically  ground  unless  it  has  been  thoroughly  dried, 
in  view  of  the  general  experience  in  the  cement  industry  with  grinding 
slags  and  other  raw  materials.  To  the  writer  it  would  seem  that  it 
would  have  been  better  practice  to  grind  the  tufa  and  the  Portland 
cement  clinker  together  at  the  same  time,  in  the  same  mill,  as  a 
more  intimate  mixture  of  the  materials  would  result. 

One  fails  to  find  in  the  paper  the  results  of  any  tests  of  the  tufa 
cement  with  the  local  sands  in  use,  either  in  tension  or  compression. 
Data  of  that  description  would  be  instructive,  especially  as  it  has 
been  recognized,  at  least  in  Germany,  that  tensile  strength  tests  of 
cement  are  of  small  importance  as  compared  with  those  in  com- 
pression, and,  on  this  account,  have  been  abandoned  there. 

Mr.  Lippincott  states  that: 

"A  striking  feature  of  the  tufa  cement  is  that,  in  all  the  four 
years  in  which  it  has  been  tested,  there  has  never  been  a  pat  which 
has  failed  under  the  boiling  test.  This  indicates,  further,  that  any 
free  lime  which  may  occur  in  the  cement  combines  with  the  silicas 
in  the  tufa." 

To  the  writer,  this  does  not  seem  to  be  a  conclusion  which  can 
be  justified.  It  merely  means  that  the  cement  has  been  ground  finer 
by  passing  it  through  the  Gates  tvibe  mill  after  the  two  materials  have 
been  blended,  and,  consequently,  that  it  does  not  contain  the  coarse 
particles  which  cause  pats  to  fail  under  the  boiling  test,  a  test  which 
the  best  German  authorities  consider  of  very  little  value,  and  which 
seems  to  the  writer  to  bear  no  relation  to  the  conditions  to  which  the 
cement  is  exposed  in  actual  construction. 

It  appears  that,  in  its  Pittsburgh  laboratory,  the  U.  S.  Bureau  of 
Standards  has  determined  the  amount  of  insoluble  silica  in  the  cements 
and  in  the  tufa,  but,  unfortunately,  the  percentages  of  soluble  silica 
are  not  stated  in  the  paper,  although  there  is  sufficient  evidence  that 
there  is  a  considerable  percentage  of  silica  in  the  tufa  in  a  hydrated 
condition  which,  in  the  cement  in  a  set  condition,  is  in  the  soluble 
form,  although  there  is  no  evidence  that  it  is  combined  with  lime. 

It  would  be  interesting  to  determine  in  some  manner  the  hardness 
of  the  puzzolan  cement  in  concrete  and  its  resistance  to  attrition  and 
impact,  as  compared  with  Portland  cement.  It  is  frequently  deficient 
in  this  respect,  and  is  not  always  as  satisfactory  as  concrete  made 
with  Portland  cement.     Mr.  Lippincott  is  quite  right  in  stating  that 
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a  cement  of  this  type  is  more  satisfactory  when  used  in  moist  places     Mr 


Rit'hBnl 
Hon. 


and  in  masses  where  it  cannot  dry  out,  than  where  the  latter  is  pos- 
sible and,  on  this  account,  work  done  with  it  requires  greater  care 
in  order  to  permit  of  satisfactory  setting  than  that  done  with  straight 
cement. 

Based  on  the  writer's  experience  with  sand  cement,  it  would,  seem 
that  there  was  plenty  of  justification  for  using  tufa  cement  in  the 
California  work,  but  it  will  be  interesting  to  watch  its  behavior  during 
a  long  period  of  years. 

Luther  Wagoner,  M.  Am.  Soc.  C.  E. — Influenced  by  the  reports  Mr. 
of  the  successful  use  of  tufa  by  the  Los  Angeles  Aqueduct  Board,  the  ^^'*S'>ner. 
speaker  located  several  tufa  claims  for  a  contemplated  work  in  Arizona, 
and  until  recently  supposed  that  the  successful  use  of  tufa  was  definitely 
settled.  In  1911,  some  parties  desired  to  build  a  dam  and  other  works 
near  Prescott,  Ariz.,  which  would  require  large  quantities  of  cement. 
The  speaker  furnished  them  with  samples  of  his  tufa  and  was  informed 
that  they  had  also  used  these  and  other  near-by  samples  in  combina- 
tion with  Portland  cement  from  lola,  Kans.,  and  Portland,  Colo., 
and  that  all  the  samples  thus  tested  gave  poor  or  negative  results. 

On  the  speaker's  return  homeward,  he  compared  samples  of  the 
Arizona  tufa  with  those  of  California  tufa,  in  the  Aqueduct  office 
at  Los  Angeles,  the  samples  appearing  to  be  nearly  the  same  in 
physical  characteristics.     Both  seemed  to  be  rhyolite  tufa. 

In  June,  1912,  he  received  a  copy  of  a  "Report  on  Municipally 
^fanufactured  Cements,  Los  Angeles  Aqueduct,"  signed  "Oervaise 
Purcell,  W.  H.  Sanders,  F.  C.  Finkle,  Chester  B.  Loomis,  Consulting 
Engineers."  This  was  a  report  made  to  Mr.  Edward  M.  Hagar, 
President  of  the  Association  of  American  Portland  Cement  Manu- 
facturers, Philadelphia,  Pa.,  in  which  they  attacked  vigorously  the  re- 
sults obtained  by  mixing  tufa  with  the  cement  made  by  the  Aqueduct 
engineers.  They  claim  that  the  hydraulic  index  of  the  municipally 
manufactured  cement  is  as  low  as  1.66  to  1.69,  while  average  American 
Portland  cement  has  an  index  averaging  1.91,  and  German  brands 
1.98;  and  they  also  claim  that  the  tufa  used  is  the  physical  equivalent 
of  clay,  hence  the  poor  results  found  by  them. 

Thus  far,  the  speaker  has  not  heard  of  any  public  denial  by  the 
Aqueduct  Board  of  the  truth  of  the  above  quoted  charges,  and  the 
whole  matter  is  thus  enveloped  in  doubt.  It  would  certainly  be  a 
matter  of  considerable  interest  to  the  Profession  to  have  careful  testa 
made  of  the  said  California  tufa,  using  a  standard  brand  of  cement, 
so  that  this  clement  of  uncertainty  as  to  hydraulic  index  might  be  re- 
moved, and  at  the  same  time  settle  the  question,  whether  the  real  benefit 
is  not  due  so  much  to  the  character  of  the  adulterant  as  to  the  fact 
that  the  regrinding  with  the  tufa  brings  a  larger  percentage  of  the 
otherwise   inert,   non-setting   grains   of   Portland   cement   into   a   finer 


140  DISCUSSION  ON  TUFA  CEMENT  [Papers. 

Mr.       state,    whereby,    when    wetted,    they    "gel"    or    enter   into    a    colloidal 
condition. 

Concerning  the  incidental  matter  of  fine  grinding,  the  speaker 
at  one  time  made  tests  on  a  certain  fine-grained  ore  carrying  silver 
chloride,  the  pan  tailings  assayed  12  oz.  per  ton,  and  11%  of  the 
silver  was  soluble  in  "hypo";  1  gramme  of  the  tailings  was  ground  for 
1  hour  in  an  agate  mortar  with  "hypo",  and  every  effort  was  used  to 
crack  and  break  up  the  grains  of  mineral,  the  result  being  that '50% 
of  the  silver  was  made  soluble.  On  washing  and  separating  the 
coarsest  grains,  the  latter  were  found  to  have  a  maximum  diameter 
of  Ysn  111111-  This  test  shows  that  the  finer  grains  probably  have  a  cush- 
ioning effect  which  protects  the  larger  ones  from  effective  action,  and 
this  raises  the  question :  Could  not  the  present  methods  of  grinding 
clinker  be  greatly  improved  by  using  a  gradual  reduction  method  in 
which  the  fine  dust  would  be  removed  more  promptly,  and  thus  enable 
much  finer  grinding  of  the  cement,  and  probably  with  greatly  improved 
efficiency,  by  enabling  a  larger  percentage  to  act  as  colloids? 

With  his  present  information  on  the  matter,  the  speaker  con- 
siders that  there  are  still  several  points  to  be  cleared  up  before  ventur- 
ing on  the  extensive  use  of  tufa  as  an  adulterant  or  adjunct  to  Portland 
cement. 
Mr.  E.  D.  Knap,  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  has  looked 
Knap,  ^p  gQjjjg  records  relative  to  one  phase  of  this  tufa  cement  question, 
that  is,  of  Portland  cement  ground  with  varying  percentages  of  silica, 
which  makes  a  compound  not  unlike  that  of  tufa,  in  that  the  main 
ingredient  of  the  latter  seems  to  be  a  form  of  silica.  These  records 
show  the  results  of  tests  up  to  6  months  for  mixtures  in  which  the 
Portland  cement  ranges  from  100%  down  to  12^  per  cent.  The 
strength  of  the  100%  mixture  starts  with  417  lb.  at  7  days,  and  runs 
up  to  650  lb.  A  Portland  cement  ground  with  an  equal  weight  of 
white  quartz,  making  a  50%  cement,  starts  at  270  lb.,  at  7  days,  and 
runs  up  to  653  lb.  at  6  months,  which  is  201%  of  the  strength  of  the 
neat  cement,  considering  the  cement  content  of  the  mixture. 

There  is  another  comi:)ound  which  consists  of  the  second,  that  is, 
the  50%  Portland  cement,  and  50%  sand,  one  part  each  of  sand  and 
cement  ground  together,  and  another  part  of  crushed  quartz  mixed 
with  it  mechanically.  This  compound  started  at  257  lb.  and  ran  up 
to  614  lb.  in  6  months,  which  is  283%,  counting  the  Portland  cement 
at  33  J  per  cent. 

There  was  still  another  mixture  which  was  one  part  each  of  cement 
and  sand  ground  together,  with  two  parts  of  quartz  added,  making  a 
25%  mixture.  This  mixture  started  a.t  264  lb.  and  went  to  585  lb., 
which  is  360%,  considering  the  quantity  of  cement  it  contained. 

From  these  figures,  it  would  seem  that  the  chief  thing  to  be  gained 
by  adding  and  grinding  together  silica  of  any  kind  and  Portland  cement. 
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is  first  to  provide  a  tiller,  aiul  .secoiullv'td  increase  the  iiiii)al|)able  portion  Mr. 
of  the  Portland  cement,  because  evei'ybody  knows  that  only  a  small  part,  °'*'^' 
of  the  cement  in  the  average  Portland  cement  is  of  any  use,  and  that 
is  the  impalpable  powder.  The  remainder  acts  as  a  filling  to  hold  it 
together,  and  by  grinding  (juartz  and  cement  together,  the  binding 
jirojiortion  is  very  mucli  increased  by  the  additional  fine  grinding, 
which  cannot  be  obtained  in  any  other  way,  at  least,  it  cannot  be 
obtained  conmiercially  in  any  other  way. 

For  instance,  in  addition  to  this  25%  mixture,  there  is  another 
25%  mixture  of  the  same  hrand  of  Portland  cement  mixed  with  three 
parts  of  standard  crushed  quartz  sand,  as  in  ordinary  mortar,  and 
that  starts  at  184  lb.,  as  against  264  lb.,  and  only  runs  to  388  lb. 
at  6  months,  which  is  very  much  less  than  585  lb.;  and  it  seems  to 
the  speaker  that  this  "diluted"  cement,  this  tufa,  is  beneficial  chiefly  in 
that  for  a  certa.in  quantity  of  cement  used,  a  very  much  greater  strength 
is  obtained  because  of  this  grinding,  as  the  fine  content  fills  the  voids. 
For  instance,  the  strength  of  the  25%  mixture  of  sand  and  cement  in 
the  ordinary  way  as  mortar,  and  the  strength  of  the  corresponding 
mixture  partly  ground  together,  is  as  1  to  1^;  that  is,  the  mixture 
ground  together  is  151%  of  the  strength  of  the  ordinary  mortar; 
therefore,  it  would  seem  that,  aside  from  the  possible  combination 
of  some  of  the  free  lime,  or  the  extra  lime,  with  the  soluble  silica 
of  the  tufa,  as  against  the  insoluble  silica  of  the  quartz,  probably 
the  greatest  advantage  is  derived  from  the  extra  grinding. 

The  speaker  has  also  the  results  obtained  with  a  12^%  mixture,  a 
mortar  made  with  three  parts  of  standard  crushed  quartz  sand  and  one 
part  of  the  50%  "ground  together"  mixture  previously  mentioned, 
which,  at  6  months,  shows  a.  strength  of  126%,  considering  the  cement 
content.  This  mixture,  however,  starts  at  onlj'  96  lb.  at  7  days  and  takes 
28  days  to  reach  the  minimum  strength  allowed  for  7  days.  Obviously, 
this  would  unfit  it  for  use  in  any  work  requiring  early  strength,  no  mat- 
ter how  strong  it  might  become  later;  and  this  same  trouble,  namely, 
the  lengthening  of  the  time  required  for  work  to  "stand  alone,"  seems 
to  be  one  of  the  strongest  arguments  against  "diluted"  cements  in 
general.  They  all  seem  to  be  good  enough  in  the  course  of  time,  but 
time  is  often  a  governing  factor.  This  is  true,  not  only  in  the  case 
of  form  work,  where  every  day  that  the  forms  have  to  be  left  in  place 
causes  additional  expense,  but  even  more  so  in  cases  where  frost  or 
bad  weather  must  be  considered. 

The  time  consideration  applies  somewhat  to  the  remarks  of  others 
in  reference  to  fine  versus  coarse  sand.  A  sand  which  will  give  great 
ultimate  strength  may  be  unfit  for  use  in  many  cases,  because  imme- 
diate strength  also  is  required.  The  speaker's  experience  with  diiferent 
sands,  however,  leads  to  the  conclusion  that,  in  all  cases,  it  is  not 
accurate  to  say  that  a  fine  sand  is  poor  and  a  coarse  sand  is  good.    He 
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Mr.  has  found  good  fine  sands  and  poor  coarse  ones.  The  measure  of 
^"*P'  efficiency  in  any  sand,  it  would  seem,  is  in  the  difference  in  the  relative 
sizes  of  the  grains  composing  it,  rather  than  in  the  actual  maximum 
size  of  some  of  the  grains;  or,  expressed  differently,  in  the  absence 
of  voids,  which  are  likely  to  be  much  less  in  a  sand  having  grains 
with  a  great  range  of  sizes  than  in  one  in  which  the  sizes  are  more 
uniform. 

Mr.  O.  E.  MoGENSEN,  M.  Aisi.  Suc.  C.  E. — During  the  past  two  years 

fensen.  j^^^j.g  qj.  ]ggg  comprehensive  articles  have  appeared  in  the  technical 
periodicals  mentioning  this  half-and-half  mixture  of  cement  and 
tufa  used  on  an  extensive  scale  on  the  Pacific  Coast.  The  subject 
is  an  important  one,  of  interest  to  engineers  throughout  the  United 
States,  and  the  speaker,  therefore,  was  pleased  to  see  it  described  so 
tlioroughly  and  comprehensively  before  this  Society. 

The  high  results  in  tensile  strength  and  the  generally  good  behavior 
of  the  laboratory  tests,  described  so  fully  in  this  interesting  paper,  are 
obtained  partly  by  the  chemical  reaction  and  partly  by  the  process 
of  re-grinding  in  the  tube-mills  the  straight  Portland  cement  mixed 
with  tufa  to  a  fineness  greater  than  that  generally  required  for 
Portland  cement.  By  this  process  the  two  materials  are  mechanically 
and  intimately  mixed  and  pulverized,  which,  of  course,  could  not  be 
done  on  the  mixing  board.  This  applies  to  tufa,  or  puzzolan,  or 
to  slag. 

The  question  as  to  why  fine  sand,  which  is  generally  known  to 
produce  an  inferior  mortar  as  compared  with  coarse  sand,  in  this  in- 
stance gives  such  high  tensile  strength,  is  readily  explained,  and 
is  really  the  secret  of  the  whole  process;  it  is  due  to  the  re-grinding  and 
intimate  mixing  process  in  the  grinding  mills. 

The  combination  of  Portland  cement  with  a  certain  percentage 
of  puzzolan  is  a  subject  which  occupies  many  minds  at  the  present 
day;  and,  whether  it  be  as  tufa  cement,  slag  cement,  sand  cement, 
or  cement  mixed  with  diatomaceous  earth,  the  speaker  agrees  with 
the  author  in  his  statement:  That  the  consumer  should  derive  the 
benefit,  if  a  product  can  be  furnished  which  is  cheaper  in  cost  and 
as  good  in  quality.  To  this  the  speaker  would  add:  and  provides  the 
same  degree  of  safety  to  structures  occupied  by  people,  or  to  struc- 
tures otherwise  dangerous  if  insecure.  It  must  be  borne  in  mind 
that  a  large  percentage  of  the  cement  manufactured,  perhaps  the 
largest,  is  used  for  concrete  in  bulk,  and  for  work  of  lesser  importance, 
and  for  this  a  puzzolan  cement  will  meet  all  requirements,  and  in 
certain  cases  be  more  satisfactory  than  straight  Portland. 

It  is  natural  that  the  cement  manufacturers  on  the  Pacific  Coast 
should  oppose  such  a  radical  step  as  this,  but  it  is  certainly  a  very 
short-sighted  policy  when  the  finished  product,  the  concrete,  as  claimed 
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in   tlic  i)aixr,  lias  boon  proved  to  be  free  from  defects,  and  continues        Mr. 
to  give  good  results. 

Table  1  is  a  summary  of  the  different  classifications  of  tbe  work. 
It  is  not  clear  from  tbis  table  tbat  the  tufa  cement  was  used  in  the 
construction  of  the  91 -ft.  dam  of  the  Haiwee  Reservoir.  The  paper 
describes  its  application  for  the  lining  of  canals,  the  covering  of 
conduits,  and  for  pipes,  tunnels,  and  reservoirs.  The  speaker  would 
like  to  know  if  the  engineers  of  the  Los  Angeles  Aqueduct  made  any 
discrimination  against  the  use  of  the  tufa  cement  by  excluding  it 
from  structures  in  which  possible  defects  would  have  serious  conse- 
(juences.  causing  loss  of  life.  Such  discrimination  would  seem  very 
natural,  as  no  one  can  predict,  even  from  the  most  elaborate  and 
carefully  conducted  laboratory  tests,  how  a  new  material,  such  as 
concrete  made  from  this  tufa  cement,  will  stand  in  the  course  of 
years. 

Mr.  Wagoner's  personal  opinion  and  expressions  of  the  views 
held  by  some  of  the  engineers  on  the  Pacific  Coast  are  not  very 
encouraging,  although  not  convincing,  as  they  reflect  a  doubt  as  to 
the  stability  of  the  work.  It  is  to  be  hoped  that  several  disinterested 
engineers  who  have  given  this  work  time  and  study  will  contribute 
liberally  to  the  discussion  of  this  paper.  If  the  author's  conclusions, 
which  apparently  agieo  with  the  results  obtained  in  Europe  with  like 
materials,  the  so-called  trass  cement,  are  borne  out  by  the  test  of  time, 
tbe  knowledge  of  this  material  and  process  cannot  be  spread  too  soon 
for  the  benefit  of  the  Engineering  Profession. 

There  a.re,  of  course,  sections  of  the  country  and  many  cement 
plants  where  proper  materials  of  this  and  of  similar  composition 
are  not  available  or  cannot  be  obtained  at  a  reasonable  price,  where 
no  benefit  would  be  derived  by  deviating  from  the  standard  Portland 
cement  practice.  This  fact,  however,  should  not  mitigate  against  tho.se 
plants  and  those  communities  which  would  be  in  a  position  to  benefit 
by  the  combination   referred  to. 

Under  the  heading.  "Other  Combinations",  the  author  mentions 
that  diatoniaceous  earth  resembles  the  tufas  in  their  analyses  and  in 
physical  characteristics,  and  he  gives  the  result  of  a  set  of  tensile 
tests  of  one-half  monolith  cement  mixed  with  one-half  diatomaceous 
earth.  At  the  Congress  of  the  International  Association  for  Test- 
ing Materials,  New  York,  1912,  a  paper  on  this  subject  entitled 
"Diatom-Earth  as  Puzzolan  for  Cement,"  was  presented  by  Mr.  A. 
Poulsen,  Chief  Engineer,  to  the  Danish  Government  Maritime  Works. 
In  this  paper  Mr.  Poulsen  describes  the  favorable  results  he  has 
obtained  by  mixing  diatomaceous  earth,  in  proportions  determined  by 
chemical  analyses,  with  Portland  cement  clinker,  the  two  substances 
being  pulverized  together  in  the  mill.  The  cement  thus  made  has 
shown    remarkably   good   results   by   producing   a   concrete   which   has 
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Mr.  the  property  of  resisting  very  effectively  the  action  of  sea  water, 
ogensen.  ^^^  Poulsen's  theory  agrees  with  the  author's,  in  so  far  as  the  labora- 
tory tests  he  has  conducted  show  that  a  chemical  reaction  takes  place 
between  the  cement  and  the  diatomaceous  earth.  The  free  lime, 
which  he  estimates  constitutes  30%  of  the  weight  of  Portland  cement, 
and  which  in  sea  water  becomes  the  direct  source  of  disintegrating 
the  concrete  by  being  transformed  into  calcium  sulphate,  combines 
with  the  silica  hydrate  and  the  alumina  hydrate  in  the  diatomaceous 
earth.     The   diatomaceous   earth   which  he   used   contains: 

Soluble  silicic  acid  (SiO^) ."il .  (>  per  cent. 

Soluble  alumina  (AlgOg) 8.5    '• 


Making   a   total   of GO.l  per  cent. 

of  active  substance  available  for  the  absorption  of  the  free  lime  in 
the  concrete. 

Mr.  Poulsen's  paper  also  contains  the  results  of  tests  of  the  tensile 
strength,  of  the  chemical  relations,  and  the  compressive  strength  of 
mortars  with  and  without  puzzolan.  By  these  tests  he  wishes  to  point 
out  the  distinct  advantage  of  using  diatomaceous  earth,  as  compared 
with  the  trass  or  tufa,  and  the  results  agree  essentially  with  those 
of  the  author  in  respect  to  the  advantage  of  the  leaner  sand  mix- 
ture as  compared  with  the  richer  mixtures. 

Mr.  Poulsen's  statement  that  the  cement  when  mixed  with  water 
contains  free  lime  to  the  extent  of  30%  of  the  weight  of  Portland 
cement  surprised  the  speaker,  but,  in  discussing  this  matter  with  his 
associate,  Mr.  Pontoppidan,  Chemical  Engineer,  the  latter  confirms 
the  presence  of  a  considerable  amount  of  free  lime  in  mortars  made 
from  Portland  cement,  and  explains  the  chemical  reaction  which  takes 
place  in  the  following  manner: 

''This  'free'  lime,  which  is  Ca  (OH).,,  calcium-li3'drate,  or  what 
is  ordinarily  called  slaked  lime,  crystallizes  as  such  in  long  needles, 
and  is  important  in  giving  the  cohesive  strength  to  the  mortar.  When 
Portland  cement  is  mixed  with  tufa,  trass,  or  'Moler'  (diatomaceous 
earth),  and  then  made  into  a  mortar  with  water,  the  alkali-soluble 
silica  in  the  tufa,  trass,  or  'Moler'  will  enter  into  combination  with  the 
formed* calcium  hydrate,  so  that  this,  instead  of  crystallizing  as  such, 
crystallizes  as  mono-calcium  silicate,  after  this  formula: 

Ca  (OH),  +  SiO^  +  H.,0  =  CaO,  SiO,,  2  H,0. 

This  is  the  same  chemical  process  which  gives  the  strength  to  the 
sand-lime  brick,  made  of  98  parts  of  sand  (silica)  and  two  parts  of 
slaked  lime ;  only,  in  this  case,  the  silica  in  the  sand  is  not  soluble,  and 
a  prolonged  storage  in  superheated  steam  of  8  atmospheric  pressure 
is    required  to   effect  the  combination. 

"The  alkaline  water  of  the  desert  countries  contains,  very  often, 
potassium    suli)hate   (K.,   SO^)  and    sodium  sulphate  (Na^,  '"^^^4)  ;  tlu'se 
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salts    are    undoubtedly    destructive    to    Portland    cement   in    the   same       Mr. 
nuijiner   as    is   tlie   mafiiiesiuni   sulphate    in   the   sea   water,    and   it   is  MoKetis<-n. 
tlierefore  reasonable  to  assume  that  the  admixture  of  trass,  tufa,  or 
'Moler'    to    the    straifiht    Portland    cement    will    be    as    beneficial    for 
concrete  work   in   tlic^c  coimtries  as  it  is  for  sea-water  works." 

The  paper  entitled  "'riie  Effects  of  Alkali  on  Cement,"  by  George 
G.  Anderson.  M.  Am.  Soc.  C.  E.,*  mentions  this  very  condition,  and 
in  the  discussion,  attention  is  directed  to  remedies  whi<3h  may  be 
found  by  using  puzzolan  cement  rather  than  straight  cement.  There 
is,  therefore,  good  reason  not  to  condemn  offhand  this  adulteration, 
which  for  certain  purposes  may  prove  superior  to  straight  Portland 
cement  and  for  others  equally  well  adapted.  The  speaker  is  fully 
aware  of  the  danger  and  the  difficulty  opened  up  by  the  introduction 
of  two  or  more  standards  for  cement.  These  difficulties,  however,  will 
gradually  be  overcome  if  the  combination  can  prove  its  right  to  ex- 
istence, that  is,  its  technical  and  economical  advantages. 
*  Ti-ansactions,  Am.  Soc.  C.  E.,  Vol.  LXVII,  p.  572. 
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By  Luther  Wagoner,  M.  Am.  Soc.  C.  E. 


Li  TiiEU  Wagoner,  M.  Am.  Soc.  C.  E. — Under  the  speaker's  diree-  ^  Mr. 
tioii,  a  concrete  lining  was  applied  to  a  ditch  near  the  Mokelumne 
liivor.  in  California,  in  1912.  To  test  seepage  loss,  a  portion  of  the 
unlined  ditch  was  filled  2  ft.  deep  with  water;  it  settled  at  the 
rate  of  1  in.  per  hour,  and  one  day  later  there  was  a  depth  of  water 
of  4  in.  in  the  ditch.  This  loss,  in  comparison  with  the  total  quantity 
of  water  carried  by  the  ditch,  was  small.  The  chief  object  of  the 
lining  was  to  avoid  the  numerous  breaks  caused  by  gophers. 

As  there  was  no  local  supply  of  concrete  material,  the  best  bid 
obtainable  was  9.7  cents  per  sq.  ft.  for  a  1 :  10  gravel  concrete,  2  in. 
thick.  This  was  applied  to  the  dressed  banks  and  kept  wet  by  watering 
with  a  liose.  Later,  a  1:2  grouting  was  washed  over  the  surface. 
Alter  two  days,  a  section  of  the  lined  ditch  was  filled  2  ft.  deep  with 
water  for  use  on  the  following  section.  One  week  later  there  was 
1  ft.  of  water  in  the  lined  ditch,  the  loss  of  1  ft.  being  seepage  and  use. 
It  was  not  especially  desired  to  cut  down  the  seepage  loss,  but  rather 
to  stop  perforation  by  gophers,  and,  for  this  reason,  as  well  as  to 
n-duce  costs,  a  1:10  mixture  was  considered  of  ample  strength  to 
>tand  up  on  a  1  to  1  slope,  and  that  it  would  be  gopher-proof. 

It  was  brought  out  at  the  Hetch  Hetchy  public  hearing,  before 
Secretary  Fisher,  at  Washington,  D.  C,  on  November  25th-30th,  1912, 
that  all  unlined  ditches  sustain  a  considerable  loss.  F.  H.  Newell, 
M.  Am.  Soc.  C.  E.,  Director  of  the  Keclamation  Service,  conceded 
that  losses  on  the  Turlock  and  Modesto,  California,  ditches  and  laterals 


*  Continued  fmm  December,  1912,  Proceedings. 
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Mr.      might  reach  from  35  to  45%  of  the  water  turned  into  them,  and  that  a 
dgoner.  ^-j^    sand-cement  lining  might  cut  down  the  losses  to  15  per  cent. 

The  possible  saving  of  from  20  to  30%  of  the  water  by  lining  would 
only  be  an  economic  possibility  when  water  is  high  priced,  or  when 
it  can  be  used  for  a  high-priced  crop  like  citrus  fruits.  For  the 
ordinary  crops,  and  present  conditions  in  Central  California,  it  does 
not  appear  as  yet  that  there  is  any  economic  warrant  for  lining.  As 
the  wealth  of  the  community  increases,  doubtless  this  will  be  done, 
largely  for  the  purpose  of  extending  the  use  of  the  water  over  a  greater 
acreage,  as  the  areas  of  good  lands  are  greater  than  can  at  present  be 
supplied  with  water. 
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Bv  Messrs.  Harold  Farnsworth  Gray,  J.  J.  Kosentiial, 
AND  E.  P.  Felt. 


Harold  Farnsworth  Gray,  Jun.  Am.  Soc.  C.  E.  (by  letter). —  Mr. 
Within  the  short  space  of  this  paper,  the  author  has  compressed  eon-  ""*^' 
siderable  information  on  the  subject  of  mosquito  control.  It  is  hoped 
that  the  paper  will  call  to  the  attention  of  engineers  the  fact  that,  in 
many  instances  of  design  and  construction,  there  are  details  which, 
if  overlooked,  may  be  the  cause  of  considerable  annoyance  on  account 
nt'  mosquito  breeding. 

riie  writer  gains  the  impression,  on  reading  this  paper,  that  Mr. 
Miller's  experience  with  the  mosquito  problem  has  been  obtained  largely 
in  New  Jersey  and  contiguous  territory,  where  it  is  more  a  problem  of 
nuisance  than  of  liealth.  Considered  on  a  national  scale,  however, 
mosquito  control  is  primarily  a  problem  of  health,  and  is  rural  rather 
tlian  urlian.  In  general,  it  becomes  an  urban  problem  only  when  there 
is  a  lax  admiiiistratinn  of  the  nmnicipal  departments  of  health  and 
|iul)lic  V.I  irks. 

The  authors  observations  on  cesspools  as  breeding  places  of 
luosciuitoes  have  been  confirmed  by  the  writer  in  many  cases.  A  par- 
ticular illustration  of  this  point  came  to  his  attention  two  sunnners 
ago,  in  a  town  of  about  5  000  population.  At  that  time  a  sewer  system 
was  being  constructed,  and  completion  was  expected  in  September. 
On  that  assumption,  the  residents  did  not  keep  their  cesspools  in  proper 
repair,  in  view  of  the  expected  expense  of  sewer  connections  in  the 
near  future,  and  a  large  number  of  cesspools  were  in  very  bad  con- 

*This  (lisciission  (of  the  paper  by  Spencer  Miller,  M.  Am.  Soc.  C.  E.,  published  in 
November.  I'.U'.^.  I^roceedinf/s,  and  presented  at  the  meeting  of  December  IHth,  tiM2),  is 
printed  in  I'rorrrrlinf/x  in  order  that  the  views  expressed  may  be  brought  before  all 
membern  fur  further  discussion. 
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Mr.  ditioii.  In  June  a  post  of  mosquitoes  resulted,  and  it  retiuired  nearly 
*^^™-^''  a  month  of  continuous  work  to  get  the  situation  in  hand.  Under 
ordinary  conditions,  however,  cesspools,  proixrly  constructed  and  cared 
for,  do  not  breed  mosquitoes.  It  is  also  significant  that  the  Anopheline 
(malaria-transmitting)  mosquitoes  do  not  breed  in  cesspools,  except  in 
rare  instances. 

Mr.  Miller  has  failed  to  mention  street  gutters  as  sources  of  mosqui- 
toes. This  is  a  common  condition  in  California,  on  streets  with  prac- 
tically no  grade,  especially  if  the  gvitters  are  fouled  with  rubbish.  The 
regular  use  of  a  broom  would  abate  the  nuisance. 

Railroad  constriiction  very  often  diverts  or  obstructs  the  natural 
drainage  of  the  region  through  which  the  line  passes.  The  Southern 
Pacific  Railroad  through  Placer  County,  in  California,  furnishes 
numerous  examples.  Between  Auburn  and  Roseville  on  this  line  the 
region  is  intensely  malarial,  and  the  railroad  contributes  a  large  num- 
ber of  breeding  places.  The  difficulty  has  been  caused  by  the  lack  of 
sufficient  culverts,  or  by  culverts  improperly  placed,  and  could  have 
been  obviated  at  slight  cost  at  the  time  of  construction.  A  portion 
of  this  line  has  been  greatly  improved,  partly  by  ditching  and  partly  by 
filling  on  the  higher  side  of  the  embankments.  The  writer  would 
call  to  the  attention  of  engineers  the  fact  that  it  is  not  the  collection 
of  water  in  considerable  volume  and  depth  behind  embankment?  which 
is  responsible  for  mosquito  breeding.  This  might  occur  if  no  culvei'ts 
at  all  were  placed  under  a  high  fill.  It  is  the  small,  shallow  pools  which 
breed  the  Anophelines,  and,  to  prevent  such  slight  accumulations, 
water  culverts  mnst  be  placed  more  carefully  than  has  been  the  custom. 

A  matter  not  mentioned  by  the  author,  and  probably  the  most  im- 
portant in  engineering  interest,  is  the  eradication  of  mosquitoes  and 
malaria  on  irrigation  projects.  In  California,  this  problem  is  decidedly 
ju-evalent,  practically'  no  project  in  the  Sacramento-San  Joaquin  Val- 
ley being  exempt.  The  establishment  of  irrigation  has  often  been 
markeil  either  by  the  introduction,  or  the  noticeable  increa^se,  of 
malaria.  Irrigation  projects  are  financed  and  executed  as  commercial 
pr<)i)ositions,  and  anything  that  affects  unfavorably  the  sale  of  such 
land?  means  a  financial  loss  in  two  ways,  first,  the  selling  value  of  the 
land  may  depreciate,  second,  the  sales  may  be  retarded,  tying  up  capi- 
tal for  a  longer  period  than  anticipated.  Malaria  is  a  very  jiotenl 
factor  in  depreciating  the  value,  and  I'etarding  the  sale,  of  land.  In 
regions  which  are  potentially  malarial,  the  engineers  in  charge  of 
irrigation  projects  should  invstigate  carefully  the  possibilitien  of 
mosquito  breeding,  and  at  the  time  of  construction  make  such  pro- 
visions as  are  necessary  to  prevent  the  accumulation  of  stagnant  water. 
The  writer  hopes  that  members  of  this  Society  who  have  had  to  cope 
with  such  conditions  will  add  their  data  to  the  discussion  of  this  paper. 
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It  may  be  stated,  as  a  general  proposition,  that  it  is  the  misuse  of  Mr. 
irrifjation  water,  or  defective  irripration  systems,  and  not  irrigation 
in  itself,  tliat  is  responsible  for  mosquito  breeding  and  malaria  on  irri- 
giitod  liinds.  The  writer  need  not  call  to  the  attention  of  this  Society 
the  fact  that  irrigation  unaccompanied  by  such  drainage  as  is  neces- 
sary to  remove  promptly  ;ill  excess  water  is  bad  engineering  and  agri- 
cultural practice,  as  well  as  unhoalthful.  In  California,  attention  to 
this  nuittcr  is  apparently  seldom  given.  There  are  a  number  of  cases 
nil  record  where  whole  districts  have  been  ruined  by  irrigation  in  which 
there  was  no  provision  for  drainage,  and  in  certain  large  areas  the 
ground-water  has  been  raised  to  an  alarming  extent.  Under  such  con- 
ditions, mosquitoes  and  malaria  become  an  important  factor  in  retard- 
ing commercial  and  agricultural  development. 

In  the  writer's  opinion,  the  solution  of  the  mosquito  problem  on 
irrigated  projects  lies  in  the  following  measures: 

(1)  Improvement,  not  obstruction,  of  the  natural  drainage  courses; 

(2)  Adequate  artificial  drainage; 

(3)  Prevention  of  seepage  from  ditches,  with  its  resulting  collec- 
tion of  water  in  adjoining  low  areas; 

(4)  Proper  leveling  or  surfacing  of  the  land,  to  eliminate  small 
low  areas; 

(5)  Maintenance  of  caiuds,  ditches,  and  drains  free  from  obstruc- 
tions to  flow ; 

(6)  Strict  regulation  of  the  use  of  water,  to  avoid  excessive  use 
and  waste; 

(7)  The  occasional  use  of  oil  or  larvicides  on  isolated  collections 
of  stagnant  water  which  are  too  small  or  temporary  to  require 
drainage. 

With  the  author's  selection  of  the  county  as  a  proper  unit  of  mos- 
'|uito  control  operations  the  writer  heartily  concurs,  but  with  the  condi- 
tion that  the  field  of  the  county's  operations  shall  not  include  incorpo- 
rated cities.  The  city  problem,  as  far  as  local  breeding  is  concerned,  is 
best  handled  by  the  city  health  department.  The  advisability  of  a  special 
county  mosquito  extermination  commission  is  questionable.  The  writer 
does  not  deny  that  in  New  Jersey,  where  the  mosquito  problem  is 
largely  due  to  salt  marshes,  a  special  commission  may  be  advantageous; 
liut  the  average  mosquito  problem  is  very  directly  one  of  public  health, 
and,  therefore,  should  be  a  part  of  the  work  of  the  county  health  office. 
The  writer  is  convinced  that,  as  a  general  rule,  the  appointment  of 
special  commissions  is  an  unnecessary  multiplication  of  executive 
bodies  in  the  county  government.  It  may  be  objected  that  the  average 
county  health  department  is  ineflicient,  and  that  it  does  not  argue  well 
for   the   success  of   anti-mosquito   measures   to   trust  them   to   such   a 
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^Mr.  department.  This  may  be  granted,  but,  on  the  other  hand,  it  may  be 
argued  that  no  department  of  county  government,  on  the  average,  is 
remarkable  for  its  intelligence  and  efficiency,  that  there  is  no  assur- 
ance that  a  special  commission  will  show  greater  efficiency  than  the 
existing  component  parts  of  the  county  government,  and  that  the  in- 
crease of  executive  bodies  under  such  conditions  can  only  result  in 
duplication  of  functions  and  still  greater  inefficiency.  Efficiency  in 
government  is  to  be  obtained  by  concentration,  not  dispersion,  of  func- 
tions and  authority. 

In  California,  in  spite  of  a  crying  need  for  anti-mosquito  work  over 
a  very  large  area,  practically  nothing  has  been  done  by  the  county  gov- 
ernments. The  only  attempt  in  this  direction,  so  far  as  the  writer  is 
aware,  has  been  the  passage  of  an  ordinance  by  the  Board  of  Super- 
visors of  Tehama  County.  This  ordinance  was  constructed  by  the 
writer,  and  was  designed  as  a  club  in  the  hands  of  a  certain  irrigation 
company  which  is  trying,  with  fair  success,  to  eliminate  malaria  on  its 
project.  The  county  officials  have  provided  no  funds  for  the  enforce- 
ment of  this  ordinance,  although  the  economic  loss  to  this  county  from 
malaria  is  certainly  not  less  than  $100  000  annually.  The  expenditure 
of  $5  000  annually  by  the  county  for  the  administration  of  anti- 
mosquito  work  (the  cost  of  drainage  to  fall  on  the  owner  of  the  land 
benefited)  would  make  it  possible  practically  to  wipe  out  this  economic 
loss  in  5  years,  with  a  net  economic  saving  in  this  period  of  about 
$330  000. 

With  the  author's  statement,  that  "The  civil  engineer  has  an 
opportunity  to  serve  his  fellow  men  and  do  a  vast  amount  of  good  work 
in  the  prevention  of  mosquito  breeding,  if  he  acquires  the  knowledge 
now  available  on  their  breeding  habits,"  the  writer  can  agree  only 
within  certain  limits.  He  believes  that  engineers,  simply  as  engineers, 
are  not  qualified  to  undertake  in  an  executive  capacity  the  direction 
of  anti-mosquito  measures  of  magnitude,  as  such  work,  for  highly 
successful  prosecution,  requires  marked  abilities  as  an  educator  and 
publicist,  as  well  as  a  unique  combination  of  thorough  knowledge  as 
to  engineering,  parasitology,  hygiene,  vital  statistics,  law,  and  govern- 
ment. The  remarkable  abilities  of  Sir  Ronald  Ross  illustrate  the  point 
in  qviestion.  At  the  same  time,  engineers  can  render  distinct  and 
valuable  service  by  making  certain  that  the  works  they  design  aJid 
construct  do  not  become,  through  mosquito  breeding,  a  menace  to  the 
health  and  comfort  of  the  people. 

Mr._   _  J.  J.  Rosenthal,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer 

is  deeply  interested  in  this  paper,  as  he  has  experienced  much  unpleas- 
antness from  this  pest  on  Corregidor  Island,  Philippines,  a  military 
post  about  3  miles  square.     The  houses  are  screened,  but  only  by  using 


Rosenthal. 
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iiiiisquito  nets  on  the  beds  can  one  insure  any  sort  of  proteetioii   from         Mr. 
lliese  insects  at  night. 

About  four  years  ago,  before  active  construction  was  commenced, 
and  when  there  were  fewer  inhabitants,  there  w-as  no  trouble  from 
mosquitoes.  The  rains,  producing  pools  in  natural  depressions,  were 
as  lioavy  then  as  now,  so  that  the  influx  of  the  pest  must  have  been 
due  to  tlic  minuM-ous  uncovered  wooden  water  tanks  and  barrels  intro- 
1 1  need  liy  the  I'.  S.  Engineers  and  the  Quartermaster's  Department, 
wherever  work  was  going  on.  An  effort  is  now  being  made  to  eliminate 
the  insects  by  destroying  all  unnecessary  water  receptacles  and  build- 
ing reinforced  concrete  covered  reservoirs  with  screens  over  all 
openings. 

'I'he  Island  of  Caballo,  about  half  tiie  area  of  Corregidor,  and  only 
i  mile  south  of  it,  offers  a  pleasing  contrast.  At  this  place,  when  con- 
struction was  begun  by  the  U.  S.  Engineers,  all  water  receptacles  were 
kept  covered,  and  care  was  taken  to  prevent  the  accumulation  of  any 
stagnant   water,  hence  the  mosquito  has  not  yet  found  a  home  there, 

Tn  ^lanila  the  pest  still  breeds  heavily,  due,  in  part,  to  the  unclean- 
liness  of  the  natives  and  to  inadequate  sewerage  and  water  connec- 
tions, especially  in  the  localities  where  the  nipa  (palm-leaf)  and  bam- 
boo hut<  still  abound. 

E.   P.  Felt,  Esq.*    (by  letter).— The  studies   and   observations   on   Mr. 

Felt 

mosquitoes  in  various  localities  in  the  State  by  the  writer's  department, 
convince  him  that  the  engineer  may  play  a  very  important  part  in 
the  control  of  mosquito  breeding,  because  so  much  of  it  is  purely 
local.  He  is  thoroughly  convinced,  for  instance,  that  the  incidental 
pool,  roadside  or  other,  is  a  more  important  factor  in  the  production 
of  mosquitoes  than  the  larger  bodies  of  water  so  frequently  viewed  with 
distrust  by  the  general  public.  The  engineer  has  much  to  say  as  to 
methods,  in  all  undertakings  where  his  services  are  necessary,  and  it 
frequently  happens  that  very  little  or  no  additional  expense  is  re- 
quired to  eliminate  small  collections  of  water,  sometimes  ignored  by 
members  of  that  Profession. 

The  writer  is  particularly  interested  in  Mr.  Miller's  reference  to 
sew-er  catch-basins  and  the  possibility  of  eliminating  mosquito  breed- 
ing in  such  places.  It  has  oceuired  to  him  that,  if  no  better  method 
could  be  devised,  it  would  be  comparatively  easy  to  suspend  over  the 
collection  of  water  in  the  catch-basin,  a  small  container  filled  with 
lietroleum  or  other  oil  and  adjusted  in  such  a  way  as  to  drip  slowly 
for  an  extended  period.  This  device,  in  a  modified  form,  has  been  used 
UK.st  .successfully  in  certain  tropical  regions  where  thorough  drainage 
was  impractical.    The  same  idea  could  be  applied  to  cesspools,  and  also 


*  state  Entomologist,  Albany,  N.  Y. 
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Mr.   to   cisterns,   if  the  water  from  the  latter  was  taken  from  below  the 
Felt.         J. 
surtace. 

The  writer  heartily  endorses  the  idea  of  extending  mosquito  control 

over  considerable  areas.     There  is  more  or  less  migration  or  drifting 

of  these  annoying  forms,  and,  the  more  extended  the  work,  the  better 

will  be  the  results  as  a  whole.     The  communities  along  shore  lines, 

particularly  in  regions  of  extensive  marshes,  are  more  interested  than 

those  farther  inland,  which  may  be  rarely  annoyed  by  migratory  forms, 

such  as  the  banded  salt-marsh  mosquito.     While  it  would  be  desirable 

to  have  the  unit  for  mosquito   control  coincident  with  county  lines, 

vxnder   conditions   such   as  mentioned   above,    it   would   seem   probable 

that  greater  efficacy  would  be  secured  by  the  co-operation  of  townships 

or  communities  suffering  from  similar  conditions.     It  is  difficult,  for 

example,   for  inland  residents  to   appreciate  the   desirability   of  large 

expenditures  for  the  control  of  marsh  forms  practically  unknown  in 

their  own  locality. 
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in  its  publications. 


TIIK  SANITATION  OF  CONSTIIUCTION  CAMPS. 
Discussion.* 


P>v  ^Ff-ssrs.  R.  C.  Hardman  and  Spencer  Miller. 


R.  C.  Hardman,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter)- — This  paper  Mr. 
is  one  of  very  timely  interest,  its  only  fault  being  its  brevity.  The 
writer  has  had  occasion  to  witness  the  good  effects  of  camp  sanitation, 
a.s  well  as  to  install  certain  sanitary  appliances  in  a  camp  of  4 100 
men,  under  unfavorable  climatic  and  drainage  conditions.  The  sub- 
ject is  one  which  deserves  to  be  expanded,  and  should  receive  the  care- 
ful attention  of  the  Profession. 

In  some  camps  which  the  writer  has  seen,  the  conditions  approach 
those  which  must  have  existed  in  the  Middle  Ages,  and  now  exist  in 
the  less  enlightened  portions  of  the  world.  In  the  provincial  districts 
of  the  Philippines,  for  instance,  Americans  are  horrified  to  see  prac- 
tically all  human  waste  consumed  by  hogs  kept  in  the  back  yards  of 
nearly  all  the  native  shacks;  yet  they  view  with  apparent  equanimity 
the  promiscuous  deposition  of  fecal  matter  around  a  camp  wherein 
the  services  of  our  porcine  friends  are  not  available. 

The  writer  once  met  an  American  in  Hong  Kong  who  solemnly 
swore  total  abstinence  from  fish  because  he  had  seen  in  Canton,  China, 
a  fish  pond  wherein  the  fish  were  fed,  in  part,  from  a  privy  built  over 
the  edge  of  the  pond.  Yet  we,  at  home,  empty  our  raw,  untreated 
sewage  into  our  rivers  from  which  fish  are  taken  for  the  table,  and  in 
thousands  of  instances  privies  are  built  over  streams  and  ponds,  as  in 
the  case  of  the  Buddhist  monastery  in  Canton;  and  yet  "the  pot 
called  the  kettle  black."  The  Cantonese  did  not  use  the  pond  for  a 
water  supply ;  we  do  use  our  rivers  for  that  purpose. 

*  This  discussion  (of  the  paper  by  Harold  Farnsworth  Gray,  Jun.  Am.  Soc.  C.  E.,  pub- 
lished in  November,  1912.  Proceedings,  and  presfnted  at  the  meeting  of  December  18iti. 
1912).  is  print*'il  in  Proceedingn  in  order  that  the  views  expressed  may  be  brought  before 
all  members  for  further  discussion. 
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Mr.  To   carry   the   comparison    still   farther:     The  writer   has   seen   in 

Hardman.  Qj^jj^ggg  cities  huge  tubs  along  the  streets  in  use  as  ''public  comfort 
stations."  In  a  great  many  cases,  these  "stations"  overflow  into  the 
streets;  yet  this  is  not  much  worse  than  conditions  in  some  construc- 
tion camps  where  latrine  trenches  are  dug,  left  open  to  the  light  and 
air,  and  flies,  and  allowed  to  fill  up  without  destructive  or  disinfective 
treatment  of  any  kind. 

We  think  of  the  Chinese  race  and  nation  as  a  very  filthy  one,  but 
the  filth  is  only  a  matter  of  comparison.  The  Chinese  have  yet  to  be 
educated  up  to  a  high  sanitary  standard,  while  we  have  to  be  educated 
to  the  pre-eminence  of  health  over  dollars. 

The  writer  has  brought  this  subject  to  the  attention  of  the  Pro- 
fession in  a  short  article"  containing  rules  for  the  use  of  the  various 
appliances  described  and  illustrated.  They  differ  slightly  in  form  from 
Mr.  Gray's,  but  cover  the  same  ground.  The  method,  however,  is  of 
minor  import. 

Perhaps  the  greatest  arguments  for  camp  sanitation  are  found  in 
the  records  made  in  the  Canal  Zone,  in  Cuba  after  the  Spanish- 
American  War,  in  the  various  maneuver  camps  of  the  United  States 
army  in  recent  years,  and,  notably,  in  the  work  of  the  Japanese  Medical 
Corps  in  the  war  with  Russia.  One  has  but  to  compare  these  with  the 
history  of  the  French  Company  at  Panama  and  the  disgraceful  record 
of  the  U.  S.  Medical  Corps  during  the  Spanish-American  War,  at 
Chickamauga,    Jacksonville,    and   elsewhere. 

Mr.  Gray  dwells  only  on  the  baser  financial  side  of  "the  value  of 
sanitation."  Of  course,  this  is  the  only  thing  which  will  appeal  to 
the  average  camp  executive,  but  should  we  not,  a.s  engineers,  also  be 
moved  by  the  more  altruistic  motive  of  helping  the  ignorant  foreigner, 
who  makes  up  the  bulk  of  our  camp  population,  to  attain,  by  example 
and  precept,  the  standard  of  living  of  the  Americans  with  whom  he 
is  to  become  assimilated?  Do  we  not  owe  it  as  a  debt  to  the  human 
race  ? 
Mr.  Spencer  Miller,  M.  Am.  Soc.  C.  E. — Mr.  Gray's  paper  is  interest- 
ing and  valuable. 

A  Government  contractor,  building  a,  lock  and  dam  on  one  of  the 
Western  rivers,  recently  informed  the  speaker  that  an  outbreak  of 
malaria  in  his  camp  had  nearly  cost  him  the  profit  on  his  contract. 
Malaria  and  malarial  fever  disorganized  his  camp  so  completely  that 
he  found  it  practically  impossible  to  keep  a  full  force  of  men  at  work. 
New  men  arriving  to  take  the  places  of  sick  ones  would  shortly 
succumb  to  the  disea.se;  others  fled  from  the  camp.  It  was  only  after 
this  had  continued  for  a  considerable  time  that  the  contractor  sought 
relief  from  a  sanitary  expert.     The  outbreak  of  malaria  was  attributed 

*  Engineering  News,  October  17th,  1913. 
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directly  to  tlio  pivsciico  of  the  malarial  mosciuito.  The  camps  were  Mr. 
tlioroiifilily  t'uiiiifiatcd  aiul  screened.  The  sicU  were  properly  guarded  "  '  *^'^' 
against  the  inosciuitoes.  The  immediate  vicinity  of  the  camp  was 
cleared  up.  The  rank  growth  was  mown  down.  Ditches  were  dug  and 
drainage  operations  were  carried  out  thoroughly.  Every  receptacle  for 
holding  water  wa.s  either  emptied,  destroyed,  or  oiled  regularly.  Shortly 
tiie  trouhle  disai)i)ean'd.  The  camp  heeame  a  healthy  and  a  profitahle 
(Uie.     .\11  of  which  illu.sti'ates  that  it  pays  to  he  sanitary. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

Note.  Memoirs  will  he  reproduced  in  the  volumes  of  Tratixactions.  Any  information 
which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be  forwarded 
to  the  Secretary  prior  to  tlie  final  publication. 


ANDREW  BELL,  M.  Am.  Soc.  C.  E.* 


Died  October  22d,  1912. 


Andrew  Bell  was  born  at  Toronto,  Ont.,  Canada,  on  December 
21st,  1835.  His  father,  the  late  Rev.  Andrew  Bell,  was  the  eldest  son 
of  the  Rev.  William  Bell,  the  pioneer  clergyman  of  Perth,  Ont.,  and 
the  surrounding  country.  His  mother  was  the  eldest  daughter  of 
the  late  Col.  E.  W.  Thomson,  of  Toronto,  a  cousin  of  Baron  Sydenham, 
who  was  Governor  of  Upper  Canada  at  the  time  of  consolidation  of 
the  provinces. 

Mr.  Bell  was  educated  at  Queen's  College,  from  which  he  was 
graduated  in  1853  with  the  degree  of  B.  A.  Immediately  after  his 
graduation  he  was  articled  to  Mr.  William  Syles  as  a  student  of  Civil 
Engineering. 

In  February,  1854,  he  was  appointed  Rodman  on  the  survey  of 
the  Hrockville  and  Ottawa  Railway  (now  a  part  of  the  Canadian  Pacific 
lliiilway)  from  Smith's  Falls  to  Carleton  Place,  and  to  Perth.  This 
work  was  discontinued  in  1855,  and  Mr.  Bell  was  engaged  in  making 
surveys,  under  K.  Tully,  Esq.,  for  the  proposed  canal  from  Toronto 
to  Georgian  Bay. 

In  July,  1856,  he  was  appointed  Resident  Engineer  on  the  Brock- 
ville  and  Ottawa  Railway,  which  position  he  retained  until  1859,  hav- 
ing been  engaged  in  the  following  work :  In  1856  he  surveyed  and 
located  the  line  from  Brockville  to  Smith's  Falls;  in  October  of  the 
same  year,  he  was  sent  to  Almonte,  Ont.,  and  placed  in  charge  of 
the  construction,  under  the  late  Alphonse  Brooks,  from  Carleton  Place 
to  Pakenham;  and  from  1857  to  1859,  he  was  in  charge  of  the  surveys 
U'om  Sand  Point  to  Pembroke  and  of  the  completion  of  the  construc- 
tion between  Carleton  Place  and  Almonte. 

Between  1864  and  1869,  Mr.  Bell  had  charge  of  the  construction 
of  the  large  woolen  mills  at  Almonte  and  Cornwall,  Ont.,  being  en- 
gaged, at  the  same  time,  in  general  private  practice.  In  1869  he  made 
a  hydraulic  survey  between  hake  Superior  and  Lake  Winnipeg  for  the 
Dominion  Government. 

In  June,  1870,  he  was  appointed  Resident  Engineer  on  the  enlarge- 
ment of  the  Grenville  Canal,  remaining  in  this  position  until  June, 
•  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  Society  House. 
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1872,  when  he  became  Resident  Engineer  on  the  construction  of  the 
Carillon  Canal  Dam  and  Slide.  After  the  completion  of  this  work, 
in  1886,  Mr.  Bell  removed  to  Almonte,  Ont.,  where,  until  his  death,  he 
was  engaged  in  private  practice  as  a  Civil  Engineer,  Land  Surveyor, 
and  Architect.  While  engaged  on  a  survey  of  the  country  east  of 
Cochrane,  on  the  Grand  Trunk  Pacific  Railway,  he  was  taken  ill  and 
was  forced  to  return  to  hi.s  home  in  Almonte,  where  he  died  on 
October  22d,  1912. 

In  1858,  Mr.  Bell  was  married  to  Miss  Marion  Rosamond,  eldest 
daughter  of  the  late  James  Rosamond,  of  Almonte,  who,  with  five 
children  survives  him. 

Mr.  Bell  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  September  5th,  1883.  He  was  also  a  Member  of  the 
Canadian  Society  of  Civil  Engineers,  and  many  other  technical 
associations. 


WILLIAM  BELL  WHITE  HOWE,  M.  Am.  Soc.  C.  E. 


Died  February  11th,  1912. 


William  Bell  White  Howe  was  the  eldest  child  of  William  Bell 
White  Howe  who  was  originally  from  Claremont,  N.  H.,  and  who, 
after  studying  for  the  ministry,  went  to  South  Carolina  in  his  early 
manhood  and  became  Bishop  of  the  Episcopal  Diocese  of  that  State. 

William  Bell  White  Howe,  Jr.,  was  born  in  Charleston,  S.  C, 
on  November  2d,  1851.  After  graduation  at  Charleston  College  he 
applied  himself  to  the  Civil  Engineering  Profession,  and,  after  some 
preliminary  experience  on  railroad  surveys  in  Texas,  was  employed 
as  Assistant  Engineer  on  the  harbor  improvements  at  Charleston 
under  the  United  States  Engineer  Corps.  From  1876  to  1879  he  was 
a  member  of  the  firm  of  Simons  and  Howe,  Civil  Engineers  and 
Architects,  in  Charleston,  and  was  Architect  of  the  William  Enston 
Home,  in  that  city,  as  well  as  Chief  Engineer  of  the  Charleston  Bridge 
Company. 

Mr.  Howe  then  became  associated,  as  Assistant  Engineer  and  after- 
ward as  Chief  Engineer,  with  the  system  of  railroads  extending  from 
Charleston  into  Georgia,  Florida,  and  Alabama,  popularly  known  as 
"The  Plant  System."  He  was  instrumental  in  the  substitution  of 
iron  bridges  for  wooden  ones  throughout  the  system,  and  also  in  the 
planning  and  construction  of  terminal  stations  and  docks  at  Charles- 
ton, S.  C,  and  at  Savannah  and  Brunswick,  Ga.  As  this  system 
*  Memoir  prepared  by  H.  S.  Haines,  M.  Am.  Soc.  C.  E. 
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of  railways  was  oxtcndod  in  the  several  Stales  above  mentioned,  he 
was  Chief  Engineer  of  eonstrnction   as  well. 

His  ability  as  an  engineer  was  made  evident  in  the  design  and 
eonstruetion  of  the  terminal  station  at  Jaeksonville.  Fla.,  and  more 
cspeeially  in  the  great  work  accomplished  at  Port  Tampa,  where  a 
deei)-water  harbor  was  established  on  a  shoal  nearly  a  mile  from  shore 
in  Tampa  Bay.  This  harbor  and  system  of  docks  atforded  the  best 
facilities  for  ocean  traffic  on  the  entire  west  coast  of  the  Gulf  of 
Afexico,  and  was  made  memorable  as  the  base  of  operations  against 
Cuba  during  the  Spanish-American  War.  As  an  auxiliary  enterprise 
to  "The  Plant  System",  Mr.  Howe  converted  the  street  railway 
system  in  Jacksonville,  Fla.,  into  an  electric  railway,  and  built  a 
liower-house.  He  also  planned  the  enlargement  of  the  commercial 
docks  at  Key  West,  Fla.,  and  the  ocean  pier  at  Palm  Beach.  Later, 
he  withdrew  from  the  more  active  pursuit  of  his  Profession,  and  resided 
at  Spartanburg,  S.  C,  where  he  interested  himself  in  architectural 
work  and  in  water-power  projects. 

]\Ir.  Howe  was  of  that  tnrn  of  mind  which  is  particularly  adapted 
to  a  career  of  civil  engineering.  With  considerable  general  culture, 
he  was  a  close  student  of  every  branch  of  the  Profession  in  which  he 
was  engaged.  His  early  training  as  an  architect  was  of  advantage 
in  planning  important  terminal  structures,  and,  in  connection  with 
the  works  at  Port  Tampa  and  the  Jacksonville  Street  Railway,  he 
became  well  qualified  as  an  electrical  engineer.  His  researches  into 
the  properties  of  cement  were  recognized  in  his  appointment  as  a 
member  of  the  Special  Committee  on  Uniform  Tests  of  Cement  of 
the  American  Society  of  Civil  Engineers  in  1897. 

Only  as  occasion  called  for  it  was  Mr.  Howe's  innate  ability 
made  manifest,  for  a  reserve  due  to  modesty  screened  his  attainments 
from  the  observation  of  those  who  did  not  know  him  well;  but,  by 
reason  of  his  conscientious  discharge  of  dutj-  and  his  unvarying  kind- 
ness of  demeanor,  his  more  intimate  acquaintances  became  warmly 
attached  to  him;  and  no  one  appreciated  his  personal  qualities  more 
than  the  writer  of  this  memorial,  with  whom  he  was  closely  associated 
for  many  years.  In  the  spring  of  1911,  his  failing  health  caused  him 
to  retire  to  his  summer  home  at  Flat  Kock,  N.  C,  where  he  died  from 
cerebral  hemorrhage  on  Februaiy  11th,  1912,  in  the  sixty-second  year 
of  his  age. 

Mr.  Howe  married  Miss  Louisa  Preston  King,  granddaughter  of 
the  Hon.  Mitchell  King,  of  the  South  Carolina  bar,  who  survives  him. 
lie  is  also  survived  by  an  only  son,  Dr.  William  B.  W.  Howe,  of 
Ifendersonville,  N.    C. 

Mr.  Howe  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  March  1st,  1893. 
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WILLIAM  HASELTON  PUFFER,  M.  Am.  Soc.  C.  E* 


Died  March  17th,  1912. 


William  Haselton  Puffer,  the  son  of  the  Eeverend  John  M. 
and  Anna  Haselton  Puffer,  was  born  on  May  3d,  1861,  in  Essex, 
N".  Y.  He  attended  the  village  schools  until  his  fifteenth  year,  when, 
on  the  death  of  his  father,  the  family  moved  to  Chelsea,  Vt.,  where 
ho  took  up  the  management  of  a  farm  and  the  support  of  the  family. 

Mr.  Puffer  was  not  able  to  resume  his  schooling  until  he  was 
22  years  of  age.  He  then  attended  the  Bradford  Academy  and  later 
the  St.  Johnsbury  Academy  where  he  was  prepared  for  college.  He 
entered  Dartmouth  College  in  1887  and  the  Thayer  School  of  Civil 
Engineering  in  1890,  and  was  graduated  from  the  latter  in  1892.  His 
struggles  to  obtain  an  education  took  him  past  the  usual  age  for  gradua- 
tion from  an  engineering  school,  but  the  time  was  not  lost.  His  early 
experience  with  adversity  strengthened  his  will,  broadened  his  character, 
and  supplied  him  with  a  stock  of  common  sense  and  practical  ex- 
perience which  was  of  great  value  in  his  engineering  work. 

After  his  graduation,  Mr.  Puffer  was  employed  on  general  railroad 
work  with  the  Atchison,  Topeka  aaid  Santa  Fe  Railroad  until  late 
in  1893,  when  he  became  Assistant  Engineer  in  charge  of  construction 
for  the  Mexico,  Cuernavaca  and  Pacific  Railroad.  In  the  summer  of 
1895  he  served  as  Engineer  for  Sooysmith  and  Company,  in  charge 
of  the  foundations  for  the  Cathedral  of  St.  John  the  Divine,  New 
York  City.  He  returned  to  railroad  work  and,  until  1897,  was  in 
charge  of  a  party  on  the  relocation  of  center  lines  for  the  Boston 
and  Maine  Railroad. 

In  the  summer  of  1897  Mr.  Puffer  again  entered  the  employ  of 
Sooysmith  and  Company  and  was  engaged  on  the  construction  of  the 
foundations  for  the  Empire  Building  in  New  York  City.  In  the 
fall  of  1897  he  entered  the  service  of  Joseph  W.  Cody  and  Company, 
as  Engineer  on  shoring  and  deep  foundations.  During  1898  he  had 
charge  of  concrete  work  for  the  U.  S.  Government  at  Fort  Hamilton, 
and  for  the  next  two  years  he  was  Chief  Constructor  for  the  New  York 
Zoological  Society. 

In  1901  he  was  employed  by  John  W.  Ferguson  as  Superintendent 
on  construction  of  the  plant  for  the  Alsen  Portland  Cement  Company, 
at  Alsen,  N.  Y.  After  1902,  he  was  engaged  in  many  mining  enter- 
prises in  Mexico.  He  was  Manager  of  the  La  Tula  Mining  Company, 
at  Guanajuato,  Mexico,  from  1900  to  1912,  and  one  of  the  Directors 
of  the  Company  from  its  incorporation.  He  was  also  Manager  of 
the  Guanajuato  Amalgamated  Gold  Mines  Company,  in  1909  and  1910. 

*  Memoir  prepared  by  Arthur  W.  French,  M.  Am.  Soc.  C.  E. 
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While  on  his  way  to  Carlsbad,  N,  Mex.,  Mr.  Puffer  was  stricken 
with  cerebro  meningitis,  and  died,  after  an  illness  of  two  days,  in 
Pecos.  Tex.,  on  March  17th,  1912. 

In  September,  1892,  he  was  married  to  Helen  K.  Davis,  of  Troy, 
Vt.,  who.  with  three  cliildren,  survives  him. 

Throughout  his  life  ^Ir.  Puffer  impressed  friends,  employers,  and 
(Muployees  with  his  sterling  uprightness  of  character,  his  kindness,  his 
ability  and  good  judgment,  and  his  loyalty  to-  duty. 

Afr.  Puffer  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  May  3d,  1905. 


JAMES  HIGH  WISE,  Assoc.  M.  Am.  Soc.  C.  E.* 


Died  September  16th,  1912. 


James  Hugh  Wise  was  born  in  Denver,  Colo.,  on  February  27th, 
1880.  As  his  father  was  engaged  in  mining,  the  young  man  spent 
the  first  ten  years  of  his  life  in  various  parts  of  New  Mexico;  he 
was  then  brought  to  San  Francisco,  Cal.  During  the  next  five  years 
lio  attended  the  schools  of  that  city  and  Alameda,  and  then  entered 
the  California  School  of  Mechanical  Arts,  in  San  Francisco,  from 
which  he  was  graduated  in  June,  1899.  In  that  year  he  entered  the 
University  of  California,  and  received  his  degree  from  the  College 
of  Mines  in  June,  1903. 

During  the  following  year  Mr.  Wise  taught  mathematics  at  the 
California  School  of  Mechanical  Arts,  resigning  in  June,  1904,  to 
enter  the  employ  of  the  California  Gas  and  Electric  Corporation,  now 
the  Pacific  Gas  and  Electric  Company.  His  rise  to  responsibility  was 
strikingly  rapid.  He  continued  with  the  Corporation  until  February, 
1910,  when  he  resigned  to  become  a  partner  in  F.  G.  Baum  and  Com- 
pany, Consulting  Engineers.  In  July,  1911,  Mr.  Wise  again  entered 
the  employ  of  the  Pacific  Gas  and  Electric  Company,  this  time  as 
Assistant  General  Manager,  which  position  he  held  at  the  time  of  his 
accidental  and  tragic  death.  He  was  on  an  inspection  of  the  Los 
Angeles  Aqueduct  by  automobile.  While  in  the  southern  end  of  the 
San  Joaquin  Valley,  it  was  found  that  the  gasoline  tank  was  leaking, 
and  a  stop  for  repairs  was  made  at  a  garage.  While  assisting  to 
empty  the  tank,  it  accidentally  fell,  and  Mr.  Wise  was  saturated  with 
the  liquid.  The  day  was  exceedingly  hot,  and  the  gasoline  vapor  was 
ignited  by  a  torch  burning  in  a  distant  part  of  the  garage.  Before 
the  flames  could  be  extinguished,  Mr.  Wise  was  burned  so  severely 
that  he  died  in  Oakland  the  following  day. 

♦Memoir  prepared  by  J.  D.  Galloway,  M.  Am.  Soc.  C.  E.,  and  B.  A.  Etcheverry  and 
H.  C.  Vensano,  Associate  Members,  Am.  Soc.  C.  E. 
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In  his  relatively  short  career,  he  had  held  a  number  of  distinctly 
responsible  positions.  Among  his  earlier  works  may  be  mentioned 
the  reconstruction  of  the  Centerville  Plant  of  the  Pacific  Gas  and 
Electric  Company,  which  consisted  of  the  enlargement  of  the  conduits, 
the  rebuilding  of  the  power  station,  and  the  installation  of  a  turbine 
operating  a  5  000-kw.  generator  under  a  600-ft.  head.  Later,  he  had 
charge  of  the  erection  of  a  5  000-kw.  generator  at  Colgate,  and  of 
similar  work  for  the  Deer  Creek  Plant  of  the  Pacific  Gas  and  Elec- 
tric Company.  In  1909,  the  Lake  Arthur  Dam  was  constructed  under 
his  supervision. 

At  the  time  of  his  death,  Mr.  Wise  was  in  direct  charge  of  the 
design  and  construction  of  a  large  hydro-electric  power  plant  for 
his  Company.  This  work  included  a  masonry  dam,  more  than  300  ft. 
high,  to  store  the  waters  of  Lake  Spalding.  The  conduits,  pipe  lines, 
buildings,  machinery,  and  steel  tower  transmission  line  of  the  plant 
were  proportioned  to  generate  40  000  kw. 

Mr.  Wise,  on  account  of  his  kindly  nature,  was  uniformly  liked 
by  all  who  met  him.  He  had  exquisite  tact,  most  courteous  manners, 
and,  in  a  very  high  degree,  the  power  to  command  loyal  service  and 
friendship  from  others.  The  writers,  speaking  for  themselves  and 
for  many  who  knew  him,  remai'ked  with  pleasure  his  rapid  rise  to  a 
responsible  position,  and  they  take  this  occasion  to  express  their  deep 
respect  for  the  noble  character  of  a  friend  whose  death  is  a  cause  for 
profound  sorrow  and  regret.  He  was  a,  Mason,  was  unmarried,  and  is 
survived  by  his  mother  who  lives  in  Berkeley,  Cal. 

Mr.  Wise  was  elected  an  Associate  Member  of  the  American  Society 
of  Civil  Engineers,  on  February  6th,  1907,  and,  at  the  time  of  his 
(Icatli,  was  Vice-President  of  the  San  Francisco  Association  of  the 
Society. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


SIXTIETH    ANNUAL  MEETING* 

January  15th,  1913-— The  meeting  was  called  to  order  at  10  A.  M.; 
President  John  A.  Ockerson  in  the  chair;  Charles  Warren  Hunt, 
Secretary;  and  present,  also,  about  400  members. 

Messrs.  C.  A.  Tinker,  W.  F.  Strouse,  W.  M.  Kinney,  and  E.  G. 
Kastenhuber,  Jr.,  were  appointed  Tellers  to  canvass  the  Ballot  for 
Officers  for  the  ensuing  year. 

The  Annual  Report  of  the  Board  of  Direction,  and  the  Annual 
Reports  of  the  Secretary  and  of  the  Treasurer,!  for  the  year  ending 
December  81st,  1912,  were  presented  and  accepted. 

*  A  full  report  of  the  Sixtieth  Annual  Meeting  is  printed  on  pages  68  to  102  of  this 
number  of  Proceedings.  .  ,„,,.  /tt  ,  wvtv\ 

t  For  these  reports,  see  pages  10  to  20  of  Proceednujx  tor  January.  191.^  (Vol.  XAAli.). 
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The  Secretary  presented  the  report*  of  the  Board  of  Direction 
awarding  the  prizes  for  the  year  ending  July,  1912,  in  accordance  with 
the  report  of  the  Committee  to  Recommend  the  Award  of  Prizes,  as 
iollows : 

The  Norman  Medal  to  Paper  No.  1212,  "The  Detroit  River  Tunnel," 
by  Wilson  Sherman  Kinnear,  M.  Am.  Soc.  C.  E. 

The  Thomas  Fitch  Rowland  Prize  to  Paper  No.  1210,  "Reinforced 
Concrete  Bridge  Across  the  Almendares  River,  Havana  Cuba,"  by 
Eugene  Klapp  and  W.  J.  Douglas,  Members,  Am.  Soc.  C.  E. 

The  Collingwood  Prize  for  Juniors  to  Paper  No.  1213,  "A  Rein- 
forced Concrete  Stand-Pipe,"  by  W.  W.  Clifford,  Jun.  Am.  Soc.  C.  E. 

The  following  were  appointed  members  of  the  Nominating  Com- 
mittee to   serve   two   years : 

S.  W.  HoAG,  Jr Representing  District  No.  1 

Charles  T.  Main "  "  "     £ 

E.  A.  Fisher "  "  "3 

Richard  Khuen "  "  "    Jf 

J.  B.  Berry "  "  "     5 

Frank   M.   Kerr "  "  "6 

William   Mulholland "  "  "    7 

A  Progress  Report  of  the  Special  Committee  on  Concrete  and  Rein- 
forced Concrete  was  presented  by  Richard  L.  Humphrey,  M.  Am. 
Soc.  C.  E.,  Secretary  of  that  Committee.f 

The  report  was  accepted  and  the  committee  continued. 

Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E.,  Chairman  of 
the  Special  Committee  on  Engineering  Education,  presented  a  Progress 
Report  of  that  Committee.:}: 

The  report  was  accepted  and  the  committee  continued. 

Austin  L.  Bowman,  M.  Am.  Soc.  C.  E.,  Chairman  of  the  Special 
Committee  on  Steel  Columns  and  Struts,  presented  a  Progress  Report 
of  that  Committee. § 

The  report  was  accepted  and  the  committee  continued. 

A.  H.  Blanchard,  M.  Am,  Soc.  C.  E.,  Secretary  of  the  Special  Com- 
mittee on  Bituminous  Materials  for  Road  Construction,  presented  a 
Progress  Report  of  that  Committee.] | 

The  report  was  accepted  and  the  committee  continued. 

Frederic  P.  Stearns,  Past-President,  Am.  Soc.  C.  E.,  Chairman 
of  the  Special  Committee  on  the  Valuation  of  Public  Utilities,  pre- 
sented a  Progress  Report  of  that  Committee.^ 

*  See  page  69. 
+  See  page  117. 
t  See  page  169. 
§  See  page  170. 
II  See  page  175. 
1  See  page  176. 
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The  report  was  accepted  and  the  committee  continued. 

The  Secretary  reported  that  the  Board  of  Direction  had  appointed 
a  Special  Committee  to  Investigate  the  Conditions  of  Employment  of, 
and  Compensation  of,  Civil  Engineers,  consisting  of  Alfred  Noble, 
Chairman;  S.  L.  F.  Deyo,  Diigald  C.  Jackson,  William  V.  Judson, 
George  W.   Tillson,  C.  F.  Loweth,  a,nd  John  A.  Bensel. 

The  Secretary  reported  that  the  Board  of  Direction  had  decided 
to  appoint  a  Special  Committee  of  seven  to  Codify  Present  Practice 
on  the  Bearing  Value  of  Soils  for  Foundations,  etc.,  but  that,  as  yet, 
the   committee   had   not  been   completed. 

The  Secretary  presented  a  report  from  the  Board  of  Direction  in 
reference  to  a  proposed  amendment  to  the  Constitution,  dividing  the 
territory  occupied  by  the  membership  into  thirteen  geographical  dis- 
tricts, instead  of  the  seven  which  are  now  prescriVjed.* 

It  was  moved,  seconded,  and  carried  "That  the  recommendation 
of  the  Board  be  approved." 

It  was  moved,  seconded,  and  carried  ''That  it  is  the  sense  of  this 
Meeting  that  a  change  as  outlined  by  the  report  read  by  the  Secretary 
is  desirable;  that  the  Board,  in  reporting  back  such  an  amendment 
to  the  Society,  remove  the  restriction  as  to  State  and  Territorial  lines." 

It  was  moved,  seconded,  and  carried  "That  the  whole  matter  be 
referred  back  to  the  Board  of  Direction,  with  request  that  they  prepare 
what  they  consider  a  suitable  amendment  in  consideration  of  the  dis- 
cussion we  have  had  here  to-day,  in  time  to  be  acted  upon  by  the 
next  Convention." 

The  Secretary  presented  a  letter  from  E.  W.  Clarke,  M.  Am.  Soc. 
C.  E.,  offering  the  following  resolution : 

"That  the  President  appoint  a  committee  of  five  to  investigate 
and  report  at  the  regular  business  meeting  in  March,  1913,  on  the 
possibility  of  securing  suitable  engineering  entertainments  to  take 
the  place  of  the  reading  of  the  formal  papers  for  the  semi-monthly 
meetings." 

It  was  moved,  seconded,  and  carried  "That  a  committee  of  five  be 
appointed  to  consider  and  report  upon  an  improvement  of  the  methods 
of  the  presentation  of  papers  before  the  Society." 

The  Secretary  read  a  letter  from  Percival  M,  Churchill,  Assoc. 
M.  Am.  Soc.  C.  E.,  offering  the  following  resolution : 

"Moved:  That  the  Board  of  Direction  be  instructed  to  confer  with 
the  officers  of  the  Am.  Institute  of  Consulting  Engineers,  the  Am. 
Soc.  of  Mechanical  Engineers,  the  Am.  Institute  of  Electrical  Engi- 
neers, and  of  any  other  Engineering  Society  it  deems  proper  to  in- 
clude, for  the  purpose  of  ascertaining  if  these  Societies  will  join  with 
us  in  appointing  a  joint  Committee  to  draw  up  a  plan  for  the  establish- 
ment and  operation  of  an  Exchange  for  the  Marketing  of  Engineering 

*  See  page  77. 
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Services  of  every  sort.  The  Board  of  Direction  to  be  authorized  and 
instructed  to  appoint  the  Committee  from  this  Society  as  soon  as  any 
of  the  other  Societies  signify  their  willingness  to  join  in  the  work." 

On  motion,  duly  seconded,  Mr.  Churchill's  resolution  was  referred 
to  the  Board  of  Direction. 

The  Secretary  read  another  letter  from  Mr.  Churchill  proposing 
the  following  resolution : 

"Moved:  That  this  Society  shall  consider  the  adoption  of  a  Code 
of  Ethics  for  Engineers  recently  proposed  by  a  Committee  of  the 
American  Society  of  Mechanical  Engineers  and  published  in  Engineer- 
ing News,  January  2d,  1913. 

"That  the  proposed  Code  be  printed  as  a  letter  ballot  and  sub- 
mitted to  the  members  of  this  Society,  with  the  request  that  each 
member  vote  to  accept  or  reject  the  Code  article  by  article;  that  where  a 
member  so  desires  he  shall — after  voting  against  a  certain  article — 
submit  a  substitute  in  the  form  he  desires  that  article  to  take.  In  the 
same  manner  additions  may  be  presented. 

"This  ballot  to  be  closed  April  1st,  1913. 

"The  Board  of  Direction  shall  then  send  out  a  second  ballot  giving 
the  Code  as  first  proposed,  and  also  any  suggested  changes  and  addi- 
tions. Members  shall  vote  article  by  article.  The  ballots  to  be  opened 
at  the  next  Annual  Convention,  and  any  article  having  a  majority 
of  the  votes  cast  shall  be  declared  adopted. 

"The  Code  as  thus  adopted  to  be  then  printed  in  the  Proceedings 
and  the  Transactions  of  the  Society." 

On  motion,  duly  seconded,  Mr.  Churchill's  resolution  was  referred 
to  the  Board  of  Direction. 

The  Secretary  presented  a  report  giving  complete  information  as 
to  the  arrangements  made  thus  far  for  the  proposed  International 
Engineering  Congress  to  be  held  in  San  Francisco  in  1915.* 

H.  M.  Wilson,  M.  Am.  Soc.  C.  E.,  offered  the  following  motion: 

"That  the  Board  of  Direction  be  and  is  hereby  authorized  to  con- 
sider plans  for  increasii:ig  the  capacity  of  the  Society  House  to  better 
accommodate  the  membership   at  the  Annual  Meetings." 

The  motion  being  duly  seconded,  was  carried. 

H.  H.  Quimby,  M.  Am.  Soc.  C.  E.,  offered  the  following  motion 
in  reference  to  the  acoustics  of  the  Auditorium: 

"That  the  Board  of  Direction  be  requested  to  employ  the  best 
talent  that  is  available,  and  do  something  to  make  it  more  satisfactory 
to  the  hearers  in  this  room  and  to  the  speakers  also." 

The  motion,  being  duly  seconded,  was  carried. 

The  Secretary  presented  the  report  of  the  Tellers  appointed  to 
canvass  the  Ballot  for  Officers  for  the  ensuing  year.- 

*  See  page  97. 
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The  President  aniioiuiced  the  election  of  the  following  oflScers: 

President,  to  serve  one  year: 

George  F.  Swain,  Cambridge,  Mass. 

Vice-Presidents,  to  serve  two  years: 

J.  Waldo  Smith,  New  York  City. 

Charles  H.  Eust,  Victoria,  B.  C,  Canada. 

Treasurer,  to  serve  one  year: 

John  F.  Wallace,  New  York  City. 

Directors,  to  serve  three  years: 

Henry  W.  Hodge,  New  York  City. 
James  H.  Edwards,  Passaic,  N.  J. 
Leonard  Metcalf,  Boston,  Mass. 
Henry  R.  Leonard,  Philadelphia,  Pa. 
Edward  H.   Connor,  Leavenworth,  Xans. 
Samuel  H.  Hedges,  Seattle,  Wash. 

]\Ir.  Stearns  and  Mr.  Noble  conducted  Mr.  Swain,  the  President- 
oh'ct.  to  the  chair. 

]Mr.   Swain   addressed  the  meeting  briefly. 

Adjourned. 

SPECIAL   MEETINGS    FOR   TOPICAL   DISCUSSION    ON 
ROAD  CONSTRUCTION  AND  MAINTENANCE. 

January  17th,  I9«3-— The  first  special  meeting  for  topical  dis- 
cussion on  "Road  Construction  and  Maintenance"  was  called  to 
order  at  10  a.  m.;  President  George  F.  Swain  in  the  chair;  Charles 
Warren  Hunt,  Secretary;  and  present,  also,  140  members  and  guests. 

The  Secretary  announced  that  Arthur  H.  Blanchard,  M.  Am.  Soc. 
C.  E.,  would  act  as  Secretary. 

In  the  absence  of  Paul  McLoud,  M.  Am.  Soc.  C.  E.,  who  was 
to  have  introduced  the  discussion  on  the  first  topic,  "Cement- 
Concrete  Pavements,"  the  opening  remarks  were  made  by  J.  A.  John- 
ston, M.  Am.  Soc.  C.  E.  The  topic  was  discussed  further  by  Messrs. 
Sanford  E.  Thompson,  W.  A.  McLityre,  W.  M.  Kinney,  Charles  W. 
Leavitt,  Jr.,  E.  H.  Thomes,  R.  A.  MacGregor,  James  Owen,  Philip 
P.  Sharpies,  L.  P.  Sibley,  C.  W.  Ross,  R.  W.  Lesley,  Charles  P.  Price, 
S.  Whinery,  Harold  Parker,  W.  P.  Blair,  W.  A.  Aiken,  Percy  H. 
Wilson,  and  Arthur  H.  Blanchard. 

Adjourned. 
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January  17th,  ioi3«— The  second  special  meeting  was  called  to 
order  at  2.30  p.  m.;  Harold  Parker,  M.  Am.  Soc.  C.  E.,  in  the  chair; 
Arthur  H.  Blanchard,  acting  as  Secretary;  and  present,  also,  130 
members  and  guests. 

The  second  topic  for  discussion,  "Cost  Records  and  Reports,"  was 
opened  by  Nelson  P.  Lewis,  M.  Am.  Soc.  C.  E.,  who  was  followed 
by  Messrs.  L.  L.  Tribus,  James  Owen,  W.  W.  Crosby,  G.  W.  Tillson, 
W.  H.  Connell,  Henry  W.  Durham,  Ered.  E.  Ellis,  W.  H.  Messenger, 
Harry   C.  Hill,   and  A.   M.   Willcock. 

Owing  to  the  absence  of  Jean  L.  de  Pulligny,  M.  Am.  Soc.  C.  E., 
who  was  to  have  presented  the  opening  discussion  on  the  third  topic, 
"Design  of  Highway  Systems,"  the  subject  was  introduced  by  Col. 
William  D.  Sohier.*  The  topic  was  also  discussed  by  Messrs.  Bertram 
Brewer,  Nelson  P.  Lewis,  James  Owen,  Amos  SchaefPer,  J.  W.  Howard, 
Ira  0.  Baker,  C.  E.  Carter.  Arthur  H.  Blanchard,  and  F.  0.  Whitney. 

Adjourned. 

January  i8th.  19^3- — The  third  special  meeting  was  called  to  order 
at  10  A.  M.;  W.  W.  Crosby,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Arthur 
H.  Blanchard  acting  as  Secretary;  and  present,  also,  130  members  and 
guests. 

Francis  P.  Smith,  M.  Am.  Soc.  C.  E.,  introduced  the  fourth  topic, 
"Equipment  for  the  Construction  of  Bituminous  Surfaces  and  Bitu- 
minous Pavements."  The  subject  was  discussed  further  by  Messrs. 
Henry  B.  Drowne,  Clifford  Richardson,  Carl  E.  Pelz,  E.  H.  Thomes, 
Charles  P.  Price,  Arthur  H.  Blanchard,  W.  H.  Kershaw,  James  L. 
Gaynor,  Henry  C.  Poore,  R.  L.  Christie,  W.  S.  Godwin,  Walter  H. 
Fulweiler,  J.  A.  Johnston,  J.  W.  Howard,  S.  J.  Stewart,  W.  W. 
Crosby.  Philip  P.  Sharpies,  A.  S.  Brainard,  and  Prevost  Hubbard. 

Adjourned. 

REGULAR  MEETING. 

February  5th,  ip'S- — The  meeting  was  called  to  order  at  8.30  p.  m. ; 
Vice-President  J.  Waldo  Smith  in  the  chair;  Charles  Warren  Hunt, 
Secretary;  and  present,  also,  94  members  and  13  guests. 

The  minutes  of  the  meetings  of  December  18th,  1912,  and  January 
8th,  1913,  were  approved  as  printed  in  Proceedings  for  January,  1913. 

A  paper  by  B.  F.  Groat,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"Characteristics  of  Cup  and  Screw  Current  Meters;  Performance  of 
These  Meters  in  Tail-Races  and  Large  Mountain  Streams;  Statistical 
Synthesis  of  Discharge  Curves,"  was  presented  by  the  author  and 
illustrated  with  lantern  slides. 

The  Secretary  read  communications  on  the  subject  from  Messrs. 
W.  G.  Price,  E.  E.  Haskell,  and  Charles  H.  Miller,  and  the  paper  was 

*  Of  the  Massachusetts  Highway  Commission. 
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(iisciissed    orally    by    Messrs.    J.    C.    Hoyt,    C.    W.    Staniford,    and    the 
autlior. 

A  paper  by  John  N.  Brooks,  Jun.  Am.  Soc.  C.  E.,  entitled  "The 
]nli  It  ration  of  Ground- Water  into  Sewers,"  was  presented  by  title,  but 
diseussion  was  postponed  until  the  next  meeting  of  the  Society,  Febru- 
ary 19th,  1913. 

The  Seeretary  announced  the  election  of  the  following  candidates  on 
February  4th,  1913: 

As  Members 
JosEiMi  Mahr  Knight,  Sedalia,  Mo. 
Walter  Swain  Nichols,  Philadeliihia.  Pa. 
Charles  Lester  Parmelee,  New  York  City 
William  John  Thomas,  New  York  City 
Max  Wakeman  Weir.  Elba,  N.  Y. 

As  Associate  Members 
George  Chester  Britton,  Hemlock,  N.  Y. 
Charles  Denton  Conklin,  Jr.,  Cheltenham,  Pa. 
Joseph  Augustine  Aloysius  Connelly,  New  York  City 
Matthew  Raymond  Dinsmore,  City  of  Mexico,  Mexico 
Louis  Warren  Duffee,  Meridian,  Miss. 
Warren  Clifford  Earle,  Portland,  Ore. 
Clarence  Eugene  Ellsworth,  Washington,  D.  C. 
Charles  MacFarlane  Finley,  Sioux  City,  Iowa 
NicoLAY  Knudtzon  Fougner,  Hongkong,  China 
Ernest  Edmund  Grimes,  Juntura,  Ore. 
Thomas  Felix  Hickerson,  Chapel  Hill,  N.  C. 
Alan  Moore  Edward  Johnstone,  New  York  City 
Murray  Kay,  Hood  River,  Ore. 

William  Archibald  Keene,  Jr.,  Cotton  Plant,  Ark. 
Fulton  Lane,  Los  Angeles,  Cal. 
Ambrose  Packard,  Providence,  R.  I. 
George  Arthur  Sampson,  Brighton,  Mass. 
Harold  Garfield  Smith,  Salt  Lake  City,  Utah 
Edward  Smulski,  Newton  Highla,nds,  Mass. 
James  Bigelow  Steep,  Indianapolis,  Ind. 
Henry  William  Taylor,  Albany,  N.  Y. 
Jent  George  Thorne,  Clinton,  Iowa 
John  Junior  Wilson,  Denver,  Colo. 

As  Juniors 
Clarence  Myers  Bates,  Tacoma,  Wash. 
Frank  Earle  Dodge,  Hudson,  N.  Y. 
Edmond  Anthony  Fretz,  Brooks,  Alta.,  Canada 
JoHAN  Friedricii  Wilhelm  Gebhardt,  Keokuk,  Iowa 
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Peter  Davidson  Gunn  Hamilton,  Beverly,  Mass. 

Oliver  Howard  Lang,  Atlanta,  Ga. 

Chester  Sherman  Lee,  Cooperstown,  N".  Y. 

Harold  MacLean  Lewis,  Brooklyn,  N.  Y. 

Maurice  Paul  O'Connor,  New  York  City 

John  Fredrick  Partridge,  Stanford  University,  Cal. 

Alvin  Christian  Rasmussen,.  Indianapolis,  Lid. 

William  Stava,  Coyote,  Cal. 

Harry  Herman  Steinhauser,  Rochester,  N.  Y. 

Percy  Hixon  Van  Etten,  Coyote,  Cal. 

The  Secretary  announced  the  transfer  of  the  following  candidates  on 
February  4th,  1913: 

From  Associate  Member  to  Member 
Edward  Everett  Betts,  Chattanooga,  Tenn. 
Harry  Frank  Cameron,  Manila,  Philippine  Islands 
Edward  Walter  Cunningham,  Cleveland,  Ohio 
Wilton  Joseph  Darrow,  New  York  City 
Henry  Roberts  Hortenstine,  Beaver  Falls,  Pa. 
Jay  Cowden  Lathrop,  Akron,  Ohio 
Ernest  George  Matiieson,  Coquitlam,  B.   C,   Canada 
Edward  Emmet  Sands,  Calgary,  Alta.,  Canada 

From  Junior  to  Associate  Member 
Ernest  Delevan  Cole,  Concord,  Cal. 
Paul  Max  Entenmann,  Brooklyn,  N.  Y. 
Howard  Foss  Esten,  Providence,  R.  I. 
Henry  James  Gardner,  Jr.,  Buffalo,  N.  Y. 
Frank  Gillelen,  Los  Angeles,  Cal. 
Frederick  Nathaniel  Hatch,  New  York  City 
Gordon  Burnett  Gifford  Hull,  Camargo,  Chih.,  Mexico 
Robert  Louis  Reimann-Hansen,  Baltimore,  Md. 
Clarence  Urling  Smith,  Chanhassen,  Minn. 
Charles  Edwards  Tirrell,  Rochester,  N.  Y. 
Royal  Sylvester  Webster,  Havana,  Cuba 

From  Junior  to  Associate 
Alexander  Allen  MacVicar  Russell,  Oakland,  Cal. 
The  Secretary  announced  the  following  deaths: 
George  Edward  Gray,  elected  Member,  July  2d,  1873;  Honorary 
Member,  June  5th,  1894;  died  January  1st,  1913. 

William   Gaston   Hamilton,   elected   Member,   October  Yth,   1868; 
died  January  23d,  1913. 

Ebenezer  Smith  Wheeler,  elected  Member,  November  7th,  1883; 
died  Janiiary  5th,  1913. 
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Charlks  De  La  Plaxk  Attkrbury,  elected  Associate  Member,  No- 
vember 8th,  1909 ;  died  June  3d,  1912. 

John  MacGregor,  elected  Associate,  June  2d,  1903;  died  January 
21st,  1913. 

James  Watson,  elected  Fellow,  December  5th,  1872;  died  December, 
1910. 

Adjourned. 

OF  THE  BOARD  OF  DIRECTION. 
(Abstract) 

January  7tli,  1913. — President  Ockerson  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Bush,  Clarke, 
Endicott,  Gerber,  Knap,  Loomis,  Macdonald,  Ridgway,  Snow,  and 
Thomson. 

A  report*  on  a  proposed  amendment  to  the  Constitution,  increas- 
ing the  number  of  Geographical  Districts  into  which  the  Society 
is  divided  for  the  purpose  of  the  nomination  and  election  of  repre- 
sentative officers,  was  adopted  for  presentation  to  the  Annual  Meeting 
on  Janviary  15th. 

The  following  report  was  received  from  the  Committee  appointed 
to  Recommend  the  iVward  of  Prizes  for  the  year  ending  July,  1912 : 

"The  Committee  appointed  by  you  to  recommend  the  award  of 
prizes  to  be  made  at  the  Annual  Meeting  in  January,  1913,  submits  the 
following  nominations: 

"For  the  Norman  Medal,  Paper  No.  1212,  'The  Detroit  River 
Tunnel.' 

"For  the  Rowland  Prize,  Paper  No.  1210,  'The  Reinforced  Concrete 
Bridge  Across  the  Almendares  River,  Havana,  Cuba.' 

''For  the  Collingwood  Prize  for  Juniors,  Paper  No.  1213,  'A  Rein- 
forced Concrete  Stand-Pipe.' 

"Yours  truly, 

"E.  P.  Goodrich.  Chairman, 

"For  the  Committee." 

On  motion,  duly  seconded,  the  recommendations  of  the  Committee 
were  adopted,  and  the  prizes  were  awarded  as  follows: 

The  Norman  :\redal  to  Paper  No.  1212,  "The  Detroit  River  Tunnel," 
by  Wilson  Sherman  Kinnear,  M.  Am.  Soc.  C.  E. 

The  Thomas  Fitch  Rowland  Prize  to  Paper  No.  1210,  "Reinforced 
Concrete  Bridge  Across  the  Almendares  River,  Havana,  Cuba,"  by 
Eugene  Klapp  and  W.  J.  Douglas,  Members,  Am.  Soc.  C.  E. 

The  Collingwood  Prize  for  Juniors  to  Paper  No.  1213,  "A  Rein- 
forced Concrete  Stand-Pipe,"  by  W.  W.  Clifford,  Jun.  Am.  Soc.  C.  E. 

The  Secretary  announced  that  the  Special  Committee  appointed 
to    Investigate    the    Condition    of    Employment    of,    and    Compensa- 

*  See  page  77. 
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tion  of,  Civil  Engineers  Throiighout  the  Country,  was  now  complete, 
all  of  the  gentlemen  appointed  having  accepted  such  appointment, 
and  that  the  Committee  is  as  follows:  Alfred  Noble,  Chairman.  S.  L. 
F.  Deyo,  Dugald  C.  Jackson,  William  V.  Judson,  George  W.  Tillson, 
C.  F.  Loweth,  and  J.  A.  Bensel. 

The  proposal  for  the  appointment  of  a  Special  Committee  "To- 
Codify  Present  Practice  on  the  Bearing  Value  of  Soils  for  Founda- 
tions, and  Report  upon  the  Physical  Characteristics  of  Soils  in  Their 
Relation  to  Engineering  Structures,"  which  was  referred  to  the  Board 
of  Direction  by  the  Society,  was  considered,  and  the  Board  decided 
to  appoint  such  Committee. 

The  payment  of  $10  000  on  the  mortgage  debt  of  the  Society  as  soon 
as  possible  was   authorized. 

The  purchase  of  twenty  bonds,  at  a  par  value  of  $1  000  each,  was 
authorized,  said  bonds  to  be  added  to  the  Reserve  Fund  already 
established. 

Action  was  taken  in  regard  to  members  in  arrears  for  dues. 

The  resignations  of  3  Members,  14  Associate  Members,  1  Associate,. 
and  8   Juniors,  were  accepted. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election 
of  9  Members,  25  Associate  Members,  2  Associates,  and  14  Juniors, 
and  the  transfer  of  7  Juniors  to  the  grade  of  Associate  Member,  and 
1  Jimior  to  the  grade  of  Associate. 

Ten  Associate  Members  were  transferred  to  the  grade  of  Member. 

Applications  were  considered,  and  other  routine  business  transacted. 

Adjourned. 

January  15th,  1913-— The  Board  met,  as  required  by  the  Consti- 
tution, at  the  House  of  the  Society  during  the  Annual  Meeting,  Janu- 
ary 15th.  1913,  at  1.05  p.  m.;  President  Swain  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Bates,  Bensel, 
Bush,  Cain,  Churchill,  Clarke,  Connor,  Edwards,  Endicott,  Hodge, 
Leonard,  Macdonald,  Metcalf.  Ockerson,  Ridgway,  Smith,  Snow,  Stani- 
ford,  Thomson,  and  Wallace. 

The  first  business  in  order  was  the  election  of  a  Secretary. 

Mr.  Hunt  retired. 

Chas.  Warren  Hunt  was  nominated  for  Secretary  and  elected. 

Mr.  Hunt  was  recalled. 

The  following  Standing  Committees  of  the  Board  were  appointed : 

Finance  Committee:  Lincoln  Bush,  George  C.  Clarke,  Henry  W. 
Hodge,  Leonard  Metcalf,  and  Emil  Gerber. 

Publication  Committee:  James  H.  Edwards,  Robert  Ridgway,  Chas. 
S.  Churchill,  William  Cain,  and  Jonathan  P.  Snow. 

Library  Committee :  J.  Waldo  Smith,  Charles  D.  Marx,  T.  Kennard 
Thomson,  E.  C.  Lewis,  and  Chas.  Warren  Hunt. 

Adjourned. 
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February  4th,  1913.— President  Swain  in  the  chair;  Chas.  Warren 
limit,  Secretary;  and  present,  also,  Messrs.  Bush,  Clarke,  Edwards, 
Endicott,  Hodge,  Eidg-way,  Smith,  Snow,  Thomson,  and  Wallace. 

It  was  resolved  that  no  employee  of  the  Society  be  permitted  to 
accept  fees  or  gratuities,  and  that  a  notice  to  this  effect  be  conspicuously 
posted  in  the  Society  House. 

It  was  resolved  that  all  Reports  of  Special  Committees  intended 
for  presentation  to  the  Society  at  either  of  the  two  General  Business 
Meetings  shall  be  phaced  in  the  hands  of  the  Secretary  at  least  sixty 
days  in  advance  of  such  meeting,  and  published  in  Proceedings  in 
advance  of  their  presentation  for  discussion. 

The  following  Special  Committee  to  Codify  Present  Practice  on 
the  Bearing  Value  of  Soils  for  Foundations,  and  report  upon  the 
Physical  Characteristics  of  Soils,  in  their  relation  to  Engineering  Struc- 
tures, was  appointed:  Robert  A.  Cummings,  Edward  C.  Shankland, 
Edwin  Duryea,  Jr.,  James  C.  Meem,  Walter  J.  Douglas,  Samuel  T. 
Wagner,  and  Frank  M.  Kerr. 

A  Committee  of  five  members  of  the  Board  was  appointed  to  con- 
sider and  report  upon  an  improvement  of  the  methods  of  the  presenta- 
tion of  papers  read  before  this  Society. 

A  Committee  was  appointed  to  draw  up  an  amendment  to  the  Con- 
stitution covering  the  proposed  re-districting  of  the  Society,  on  the 
lines  indicated  by  the  report  of  the  Board  to  the  Annual  Meeting, 
and  the  discussion  of  the  subject  at  that  meeting. 

Messrs.  Charles  D.  Marx,  William  A.  Cattell,  Arthur  L.  Adams, 
and  Charles  Derleth,  Jr.,  were  appointed  to  serve,  with  the  President 
and  Secretary  of  the  Society,  as  the  representatives  of  this  Society  on 
a  General  Committee  which  is  to  have  entire  charge  of  the  organiza- 
tion and  carrying  out  of  the  proposed  International  Engineering  Con- 
gress to  be  held  in  connection  with  the  Panama-Pacific  Exposition  in 
1915. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election 
of  5  Members,  23  Associate  Members,  and  14  Juniors,  and  the  transfer 
of  11  Juniors  to  the  grade  of  Associate  ]\Iember,  and  1  Junior  to  the 
grade  of  Associate. 

Eight  Associate  Members  were  transferred  to  the  grade  of  Member. 

A]iplieations  were  considered  and  other  routine  business  transacted. 

Adjourned. 
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REPORT    IN    FULL    OF    THE    SIXTIETH    ANNUAL    MEETING, 
JANUARY   15TH  AND   I6TH,   1913. 

Wednesday,  January  15th,  1913  (lo  A.  M.j_John  A.  Ockerson, 
President,  in  the  chair;  Charles  Warren  Hunt,  Secretary;  and  present, 
also,   about  400  members. 

The  President. — The  meeting  will  please  come  to  order.  This  is 
the  Sixtieth  Annual  Meeting  of  the  American  Society  of  Civil  Engi- 
neers.    The  ballot  for  officers  was  closed  at  nine  o'clock  and  the  follow- 

Teliers        ing  tellers  have  been  appointed:    C.  A.  Tinker,  W.  F.  Strouse,  W.  M. 
Appointed.     _^.  _,  _^ 

ivmney,  h,.  (j.  iiastenhuber,  Jr. 

The  next  thing  in  order  is  the  report  of  the  Board  of  Direction. 

The  Secretary  presented  the  Report  of  the  Board  of  Direction.'* 

The  President. — If  there  are  no  objections,  the  report  of  the 
Board  will  be  received  and  printed.  There  appear  to  be  no  objections. 
The  report  of  the  Secretary  is  next. 

The  Secretary  presented  his  Reportf  of  receipts  and  disbursements 
for  the  year,  including  a  general  balance  sheet  showing  the  financial 
condition  of  the  Society.:}: 

The  President. — If  there  are  no  objections,  the  report  of  the  Secre- 
tary will  be  received  and  printed  as  read. 

The  report  of  the  Treasurer. 

Joseph  M.  Knap,  Treasurer,  Am.  Soc.  C.  E.— Mr.  President  and 
gentlemen,  there  is  very  little  left  for  the  Treasurer  after  the  very 
full  reports  of  the  Secretary  and  the  Board  of  Direction,  but  the  Con- 
stitution requires  that  the  Treasurer  shall  make  a  report  at  the  end 
of  the  year,  which  is  as  follows : 

The  Treasurer  read  his  report.§ 

Mr.  President  and  gentlemen,  I  want  to  add  a  little  to  my  usual  formal 
report.  In  this,  my  last  report  as  Treasurer  of  the  American  Society 
of  Civil  Engineers,  I  may  be  pardoned  for  elaborating  the  formal 
report  by  showing  the  steady  and  rapid  increase  in  our  cash,  available 
assets,  and  cash  investments,  from  the  year  1900  to  the  present  time. 
On  December  31st,  1900,  the  balance  sheet  showed  as  follows: 

Building  and  lots   (cost) $191  730.26 

Due  from  members,  etc 3  372.74 

Cash  on  hand 9  929.82 

Making  a  total  of $205  032.82 

Deducting  dues  paid  in  advance $9  528.03 

And  mortgage  deed  at  that  time 75  000.00 

84  528.03 

We  have  $120  504.79 

*  fiee  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XXXIX,  p.  ID  (January.  1913). 
t  See  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XXXIX,  p.  18  (January.  1918). 
t  See  Proceedings,  Am.  Soe.  C.  E.,  Vol.  XXXIX,  p.  17  (.January,  1913). 
§  See  Proceedings,  Am.  Soc.  C.  E.,  Vol.  XXXIX,  p.  30  (January,  1913). 


February.  IKI.M        KiM'oltT   OF   THE   ANNUAL    MEETING  G9 

This  is  cash  invested  and  on  band,  and  takes  no  account  of  any  ap- 
I)reciation  or  depi'ecia.tion  of  any  real  estate  or  property. 
On  December  31st,  1912,  tlie  corresponding  items  were: 

Lots     {cost) $189  632.11 

House   (cost) 170  955.59 

$360  587.70 

Invested    in    bonds 57  441.25 

Due   from   members,    etc 10  745.84 

Cash  on  hand 44  074.04 

$472  848.83 

Deducting   dues    in    advance $28  107.55 

Afortgage    debt    115  000.00 

143 107.55 

Balance    $329  741.28 

That  is  the  amount  of  cash  invested  and  on  hand,  but  without  any 
account  of  any  appreciation  in  the  value  of  the  property.  This  is  the 
amount  actually  earned,  I  might  say,  or  saved  during  the  twelve  years, 
without  taking  into  account  the  enhanced  value  of  our  property,  which, 
as  the  report  of  the  Board  of  Direction  shows,  has  been  very  great. 

Another  point  to  which  I  would  call  your  attention  is  the  present 
mortgage  of  $115  000,  which  will  be,  or  already  has  been,  reduced 
to  $105  000,  and  the  reserve  fund  increased  to  $77  000.  With  the 
same  rate  of  progress  during  the  current  year,  the  lines  of  our  bonded 
debt  and  reserve  fund  will  have  crossed,  so  that  the  entire  mortgage 
can  be  paid,  leaving  a  cash  balance  in  hand,  during  the  present  year. 
Whether  that  would  be  the  best  policy  will  be  for  the  incoming  Board 
to  decide,  but  it  would  be  indeed  a  great  satisfaction  for  the  Society 
to  feel  that  all  debts  have  been  paid  and  an  accumulation  of  a  new 
reserve    fund    begun. 

TiiK  President. — Gentlemen,  you  have  heard  the  report  of  the 
Treasurer.  If  there  are  no  objections,  it  will  be  received  and  printed 
as  read.     The  next  in  order  is  the  report  on  the  award  of  prizes. 

REPORT  OF  THE  BOARD  OF  DIRECTION  IN  THE  MATTER  OF 

THE  AWARD  OF  PRIZES  FOR  THE  YEAR  ENDING 

JULY,  1912. 

The  Committee  appointed  to  Recommend  the  Award  of  Prizes  con- 
sisted of  Messrs.  E.  P.  Goodrich,  Gardner  S.  Williams,  and  J.  W. 
Woermann.  This  Committee  reported  to  the  Board  of  Direction,  and 
the  Board,  in  accordance  with  the  Constitution,  has  awarded  the  prizes 
in  accordance  with  the  recommendations  of  the  Committee  as  follows: 

The  Norman  Medal— Paper  No.  1212,  "The  Detroit  River  Tunnel," 
by  Wilson  Sherman  Kinnear.  ^F.  Am.  Soc.  C.  E. 


70 


REPORT  OF  THE  ANNUAL   MEETING       [Society  Affairs. 


The  Thomas  Fitch  Rowland  Prize. — Paper  No.  1210,  "Reinforced 
Concrete  Bridge  Across  the  Almendares  River,  Havana,  Cuba,"  by 
Eugene  Klapp  and  W.  J.  Douglas,  Members,  Am.  Soc.  C.  E. 

The  Collingwood  Prize  for  Juniors. — Paper  No.  1213,  "A  Rein- 
forced Concrete  Stand-Pipe,"  by  W.  W.  Clifford,  Jun.  Am.  Soc.  C.  E. 

By  order  of  the  Board  of  Direction, 

Chas.  Warren  Hunt, 

Secretary. 
January  7th,  1913. 

The  President. — -The  next  in  order  is  the  appointment  of  the 
members  of  the  Nominating  Committee. 

The  Secretary. — I  beg  leave  to  report  a  count  of  the  final  sugges- 
tions from  members  in  the  several  districts  expressing  their  choice 
for  the  member  of  the  Nominating  Committee  to  be  appointed  from 
each,  as  follows : 

District  No.  1 :  Total  number  of  suggestions  received,  379,  as 
follows : 

S.  W.  HoAG,  Jr 187 

Rudolph  P.  Miller 139 

S.  H.  WOODARD 51 

George  A.  Harwood 1 

C.  V.  V.  Powers 1 

The  President. — Gentlemen,  you  have  heard  the  names  suggested 
for  member  of  the  Nominating  Committee  for  District  No.  1.  What 
is  your  pleasure? 

G.  W.  TiLLSON,  M.  Am.  Soc.  C.  E.— Mr.  President,  I  move  that 
as  Mr.  S.  W.  Hoag,  Jr.,  has  received  the  largest  number  of  votes,  he 
be  declared  member  of  the  Nominating  Committee  from  District  No.  1. 

(Motion  duly  seconded.) 

The  President. — It  is  moved  and  seconded  that  S.  W.  Hoag,  Jr., 
be  the  member  of  the  Nominating  Committee  from  the  First  District. 
As  many  as  are  in  favor  of  that  will  signify  it  by  saying  "aye"; 
contrary,  "no".     Carried. 

The  Secretary.— District  No.  2 :  Total  number  of  suggestions  re- 
ceived, 169,  as  follows: 

Charles  T.  Main 82 

C.  M.   Spofford 64 

John  E.  Hill 18 

J.  W.  Rollins,  Jr 2 

A.  C.  Dennis 1 

John  Kennedy 1 

h.  n.  ruttan 1 
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The  Presidknt. — What  is  your  pleasure,  gentlemen? 

A  Member. — Mr.  President,  I  move  that  Charles  T.  Main,  having 
received  the  largest  nvunlier  of  votes,  ho  made  the  memher  for  District 
No.  2. 

(Motion  duly  seconded.) 

The  President. — It  is  moved  and  seconded  that  Charles  T.  Main 
be  selected  as  member  of  the  Nominating  Committee  from  District 
No.  2.  As  many  as  are  in  favor  of  that  will  signify  it  by  saying  "aye"; 
contrary,  "no".     It  is  so  ordered. 

The  Secretary. — District  No.  3:  Total  number  of  suggestions  re- 
ceived, 202,  as  follows: 

E.  A.  Fisher 81 

Enrique  A.  Touceda 62 

William  H.  Yates 56 

George  H.  Fenkeli 1 

Louis  H.  Knapp 1 

Morris  E.  Sherrerd 1 

G.  S.  WiLLLVMS,  ^1.  Am.  Soc.  C.  E. — Mr.  President,  I  move  that 
E.  A.  Fisher,  having  received  the  highest  number  of  votes  for  District 
No.  3,  be  declared  the  member  of  the  Nominating  Committee  from 
that  district. 

(Motion  duly  seconded.) 

The  President. — It  is  moved  and  seconded  that  E.  A.  Fisher  be 
declared  the  member  of  the  Nominating  Committee  for  District  No.  3. 
As  many  as  are  in  favor  of  that  will  signify  by  saying  "aye";  contrary, 
"no".     Carried. 

The  Secretary. — District  No.  4 :  Total  number  of  suggestions  re- 
ceived, 265,  as  follows : 

KiCHARi)   Khuen 151 

Frank    Sutton 65 

E.  K.  !MoRSE 47 

Richard  L.  Humphrey 1 

Morris    Knowles 1 

N.  P.  Lewis,  ^I.  Am.  Soc.  C.  E. — Mr.  President,  I  move  that  Richard 
Khuen,  having  received  the  highest  number  of  votes,  be  declared  mem- 
ber of  the  Nominating  Committee  for  District  No.  4. 

(Motion  duly  seconded.) 

The  President. — Gentlemen,  it  has  been  moved  and  seconded  that 
Richard  Khuen  be  declared  member  of  the  Nominating  Committee 
for  District  No.  4.  All  in  favor  of  the  motion  signify  by  saying  "aye"; 
contrary',  "no".     It  is  so  ordered. 
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Nominating  The  SECRETARY. — District  No.  5:  Total  number  of  suggestions  re- 

Committee  ■      j    -<  r,-,  s  n 

(continued),    ceived,  181,  as  loJlows: 

J.  B.  Berry 68 

J.  V.  Han\a 58 

J.  M.  Johnson 28 

E.  H.  Lee 25 

William  G.  Kaymond 1 

Edward  E.  Wall 1 

Mr.  G.  S.  Williams. — Mr.  Pi-esident,  I  move  that  J.  B.  Berry, 
having  received  the  highest  number  of  votes,  be  declared  the  nominee 
for  District  No.  5. 

(Motion  duly  seconded.) 

The  President.^ — It  has  been  moved  and  seconded  that  J.  B.  Berry 
be  selected  as  member  of  the  Nominating  Committee  for  District  No.  5. 
As  many  as  are  in  favor  signify  by  saying  "aye";  contrary,  "no".  It 
is  so  ordered. 

The  Secretary. — District  No.  6 :  Total  number  of  suggestions 
received,  180,  as  follows: 

Frank  M.  Kerr 63 

T.  U.   Taylor 41 

B.  M.  Hall 40 

J.  F.   Coleman 24 

Charles  C.  Wentworth 2 

M.  J.  Caples 1 

Louis  C.  Hill 1 

E.  H.  Lee* 1 

ElCHARD  MONTFORT 1 

Maury   Nicholson 1 

Arsene    Perrilliat 1 

Arthur  Pew 1 

J.  S.  Sewell 1 

G.  R.  Solomon 1 

NiSBET     WiNGFIELD 1 

The  President. — What  is  your  pleasure,  gentlemen? 

Mr.  N.  p.  Lewis. — Mr.  President,  I  move  that  Frank  M.  Kerr, 
having  received  the  largest  number  of  votes,  be  declared  member  of 
the  Nominating  Committee  for  District  No.  6. 

(Motion  duly  seconded.) 

The  President. — It  is  moved  and  seconded  that  ^rank  M.  Kerr  be 
declared  a  member  of  the  Nominating  Committee  for  District  No.  6. 
As  many  as  are  in  favor  signify  by  saying  "aye";  contrary,  "no".  It 
is  so  ordered. 

*Mr.  Lee  is  ineligible,  as  he  does  not  reside  in  this  district. 
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TiiK  Skcrktauy. — District  No.  7:  Total  nuinbor  of  suggestions  re- 
oeivod.  298.  as  follows: 

William  .Mi  lholland 147 

D.  D.  Clarke 89 

H.  N.  Savage 52 

J.  D.  Galloway 1 

Samuel    H.    Hkdoes 1 

D.  C.  Henny 1 

F.  C.  Horn 1 

F.    H.    JOYNER 1 

J.    E.   LiPPIXCOTT 1 

Charles  D.  Marx 1 

Emery  Olr'er 1 

W.  J.  Roberts 1 

A.  J.  Wiley 1 

The  President. — Gentlemen,  William  Mulholland  apparently  has 
received  the  largest  number  of  votes.  As  many  as  are  in  favor  of 
declaring  Mr.  Mulholland  the  member  of  the  Nominating  Committee 
for  District  No.  7  signify  by  saying  "aye";  contrary,  "no".  It  is  so 
ordered. 

The  next  in  order  is  the  report  of  the  Special  Committee  on  Con-      Report  of 
Crete  and  Reinforced  Concrete.    This  paper  is  too  long  to  read  in  detail,   conc^ete^ami 
I  shall  ask  some  member  of  that  Committee  to  state  to  the  Society  the     Reinforced 
general   features  of  that  report. 

Richard  L.  Humphrey,  M.  Am.  Soc.  C.  E. — Mr.  President,  the  work 
of  the  Committee  since  its  last  report  of  January,  1909,  is  best  ex- 
pressed in  the  paragraphs  of  the  report  which  I  will  read.* 

J.  P.  Snow,  M.  Am.  Soc.  C.  E. — I  move,  ^h:  President,  that  the 
report  be  received. 

(Duly  seconded.) 

The  President. — It  has  been  moved  and  seconded  that  the  report 

just  made  be  received   and  the   Committee  continued.     As  many  as 

are  in  favor  of  the  motion  signify  by  saying  "aye";   contrary,  "no". 

It  is  so  ordered. 

The  next  in  order  is  the  report  of  the  Special  Committee  on  Engi-      Report  of 
,,^,_;    „    T?  1         i-  Committee  on 

neering   Education.  Enpineering 

Desmond  FitzGerald,  Past-President,  Am.  Soc.  C.  E. — Mr.  Presi-  Education, 
dent,  I  have  a  report,  signed  and  in  proper  form,  which  I  carefully 
laid  aside  and  came  off  and  left  behind  me.  It  only  shows  what  re- 
markable things  a  man  can  do;  but,  on  the  other  hand,  perhaps  it  is 
just  as  well,  Mr.  President,  that  that  is  the  case,  because  almost  all 
formal  reports  are  more  or  less  colorless.     There  is  very  little  warmth 

*  See  p.  117. 
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Report  of     in  them;  and  perhaps  I  can  give  a  little  more  by  stating  briefly  what 

Committee  on     ,        „  .  ,  , 

Engineering   the  Committee  has  done. 

(oont*inued).  ^^  the  last  meeting,  or  the  meeting  before,  I  think  I  showed  you 
some  diagrams  that  we  had  made  in  regard  to  the  studies  pursued  in 
the  different  colleges  and  technical  schools  of  the  country.  After  the 
Committee  had  dipped  into  that  .subject  for  about  two  years  they 
made  up  their  minds  that  it  was  a  thing  that  we  should  have  a  large 
appropriation  to  continue  properly;  and  the  American  Society  of  Civil 
Engineers  at  that  time  being  rather  poor,  and  with  no  available 
funds,  we  could  not  undertake  the  thing  with  a  large  force.  We  could 
only  do  what  we  could  with  individual  efforts  of  the  members  of  the 
Committee. 

Now,  I  suppose  there  is  no  bigger  subject  to  run  up  against  than 
engineering  education,  and  you  know  when  you  run  up  against  a  big 
subject  it  takes  a  lot  of  time,  and  you  have  to  be  very  careful  not  to 
get  caught  by  the  enemy.  It  is  just  the  same  as  with  a  fortress,  the 
bigger  the  fortress  the  more  you  have  to  attack  it  from  all  sides  and 
the  longer  it  takes.  The  great  thing,  Mr.  President,  seems  to  be  not 
to  make  any  mistakes,  and  it  was  a  rich  field  for  pitfalls. 

Now,  the  Carnegie  Foundation,  which  is  very  liberally  endowed 
through  Mr.  Carnegie's  thoughtfulness,  certainly  is  in  a  position  where 
it  can  make  this  investigation  and  gather  all  the  data,  for  twenty  or 
forty  thousand  dollars,  or  whatever  amount  it  may  cost  to  do  it, 
in  good  form  and  properly,  and  it  has  agreed  to  do  it.  It  is  simply 
a  question  of  time.  Since  our  last  meeting,  since  I  made  my  last 
report,  Dr.  Pritchett  has  been  very  ill  for  nearly  a  year,  has  been 
away  in  California,  and  nothing  could  be  done.  Now,  I  should  like 
to  say,  for  the  information  of  those  who  do  not  know  about  our  Com- 
mittee on  Engineering  Education,  and  I  say  this  because  I  have 
heard  that  some  people  think  we  have  not  done  any  work,  but  I 
think  they  are  the  people  who  have  not  done  much  work  themselves 
in  this  direction,  that  we  have  done  a  good  deal  of  work,  and  we 
have  collected  a  good  many  data. 

We  have  worked  in  connection  with  a  large  committee,  a  very 
large  committee,  and  I  should  like  to  read  the  names  of  the  com- 
mittee, if  we  have  a  little  time.  Before  beginning,  I  want  to  say  that 
during  the  last  year  we  have  lost  one  of  the  most  valuable  members 
of  our  Committee  by  the  death  of  Major  B.  M.  Harrod,  of  New 
Orleans,  and  I  need  not  say  a  single  word  in  regard  to  that  lamentable 
occurrence.  I  do  not  think  the  American  Society  of  Civil  Engineers 
ever  had  a  warmer  friend  or  a  finer  engineer  than  Mr.  Harrod.  Per- 
sonally, I  relied  a  good  deal  on  his  judgment  and  his  great  interest. 
On  this  subject  of  Engineering  Education  he  wrote  me  long  letters, 
and  we  had  frequent  correspondence  about  it,  and  there  was  no  kinder 
or  nobler  man   than  Mr.  Harrod. 
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Willi  Ml-.  Ilarnul  was  Mr.  Bates  and  Professor  Mead  and  myself^ 
reprcvsoiitiiiy  the  Aim-rifau  Society  of  Civil  Engineers;  Messrs.  Fred- 
erick W.  Taylor,  of  Philadelphia,  and  Alexander  C.  Humphreys,  of 
Stevens  Institute,  representing  the  American  Society  of  Mechanical  En- 
gineers; from  the  Electrical  Engineers,  Mr.  Charles  F.  Scott  and  Dr. 
Samuel  Sheldon,  of  the  Polytechnic  Institute  of  Brooklyn;  from  the 
American  Chemical  Society,  Mr.  Clifford  Richardson,  of  New  York,  and 
Professor  II.  P.  Talbot,  of  the  jVfassachusetts  Institute  of  Technology; 
from  the  Mining  Engineers,  Dr.  Henry  M.  Howe,  of  New  York,  and  Dr. 
.Tolui  Hays  Hammond,  also  of  New  York.  Then  came  Dean  James  M. 
White,  of  Urbana,  111.,  Professor  C.  L.  Crandall,  of  Ithaca,  N.  Y., 
Professor  D.  C.  Jackson,  of  the  Massachusetts  Institute  of  Technology, 
and  Dr.  Henry  S.  Pritcliett,  of  the  Carnegie  Foundation,  and  he  was 
the  last  addition  to  the  Committee. 

Now,  gentlemen,  I  do  not  know  that  the  Committee  itself  can 
carry  the  work  any  further  than  it  has  done.  I  think  that  our  useful- 
ness, after  having  brought  about  the  appropriation  of  the  necessary 
funds  by  the  Carnegie  Institute  to  carry  on  this  work — and  it  will 
probably  take  three  or  four  years  to  finish  it,  and  they  are  willing  to 
spend  a  liberal  sum  of  money — I  think  our  work  is  practically  ended. 
At  the  same  time,  it  is  very  necessary,  perhaps,  and  I  for  one  shall 
continue  to  work  in  this  direction,  even  if  I  am  not  a  member  of  a 
committee.  I  do  not  know  whether  to  recommend  the  continuance  of 
tlie  Committee,  or  that  it  be  discharged,  but  I  should  think  that  it 
might  be  continued  for  a  year  to  enable  Professor  Mead  and  Mr.  Pates 
to  aid  in  giving  any  advice  as  to  the  steps  to  be  taken  in  the  future. 
Thank  you  very  much.* 

The  President. — It  seems  to  me  that  it  is  rather  important  that 
this  Committee  should  be  continued,  to  give  direction  to  the  work  that 
Professor  Pritchett  proposes  to  do,  and,  if  there  are  no  objections,  the 
report  will  be  received  and  the  Committee  continued. 

The  next  in  order  is  the  report  of  the  Special  Committee  on  Steel      Report  of 
Columns  and  Struts,  Austin  L.  Bowman,  Chairman.  ^Toim!frfs''° 

^fr.  Bowman  presented  a  Progress  Report  of  the  Special  Committee     ^"^'  struts, 
on  Steel  Columns  and  Struts. f 

The  President. — Gentlemen,  you  have  heard  the  Progress  Report 
of  the  Si)ecial  Committee  on  Steel  Columns  and  Struts,  and  the  same 
action  will  be  taken  in  this  case.  The  report  will  be  received  and  the 
Committee  continued.  The  next  in  order  is  the  report  of  the  Special 
Committee  on  Bituminous  Materials  for  Road  Construction,  W.  W. 
Crosby,  Chairman. 

*  The  Progress  Report  of  the  Special  Committee  on  EDgineering  Education,  received 
subsequently,  is  printed  on  page  169. 
+  See  p.  170 
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Report  of  Mr.  A.   H.  Blaiichard  presented  a  Progress  Report  of  the   Special 

Bituminous  Committee  on  Bituminous  Materials  for  Road  Construction.* 

^^*Road  ^^^  The  President. — Gentlemen,  if  there  are  no  objections,  the  Progress 

Construction.  fJeport  of  the  Special  Committee  on  Bituminous  Materials  for  Road 
Construction  will  be  received  and  the  Committee  continued. 

Report  of  The  next  in  order  is  the  Progress  Report  of  the  Special  Committee 

Public  on  Public  Utilities,  Mr.  Frederic  P.  Stearns,  Chairman. 

1 1  les.  -^^^   Stearns  presented  the  following  report : 

PROGRESS    REPORT   OF    SPECIAL    COMMITTEE  ON 
VALUATION  OF    PUBLIC  UTILITIES. 

To  THE  American  Society  of  Civil  Engineers: 

The  Committee  to  Formulate  Principles  and  Methods  for  the  Valua- 
tion of  Railroads  and  other  Public  Utilities  is  pleased  to  be  able  to 
report  substantial  progress. 

Careful  search  has  been  made  in  the  Library  of  the  Society  and 
bibliography  prepared  of  articles  and  references^  to  the  subject  under 
investigation. 

The  effort  has  been  made  to  get  in  touch  with  the  work  of  the 
various  public  service  commissions  and  to  obtain  copies  of  their  reports. 

A  good  beginning  has  been  made  in  the  study  of  and  report  upon 
the  principles  underlying  the  art  of  valuing  public  utility  properties. 

Your  Committee  asks  to  be  continued. 

Respectfully  submitted, 

Frederic  P.  Stearns,  Chairman^ 

For  the  Committee. 

January  14th,  1913. 

The   President. — The  Progress   Report   of  the   Committee   will  be 
received   and   the   Committee   continued.      The   next  in   order  are   re- 
ports from  the  Board  of  Direction. 
Special  The  SECRETARY. — I  have  to  report,  Mr.  President,  that  the  Board 

Employment"  of  Direction   has   appointed   a   Special   Committee   to   Investigate  the 
ComneTisation  Condition  of  Employment  of,  and  Compensation  of,  Civil  Engineers 
of  Civil        throughovit  the  country,  in  accordance  with  the  action  of  the  Society, 
which  referred  the  appointment  of  that  Committee  to  the  Board.     The 
Committee   is    Alfred   Noble,    Chairman,    S.    L.    F.   Deyo,   Dugald    C. 
Jackson,  William  V.   Judson,  George  W.  Tillson,   C.  F.  Loweth,  and 
John  A.  Bensel. 
Special  I  also  have  to  report  that  the  Board  of  Direction  has  decided  to 

Bearing  Value  appoint  a  Special  Committee  of  seven  to  Codify  Present  Practice  on 
of  ooiis.       ^YiQ  Bearing  Value  of  Soils  for  Foundations,  etc.,  but  as  yet  the  Com- 
mittee has  not  been  completed. 

*  See  p.  175. 
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Ti)  Tin:  .Mi:\ii!i;i{s  oi   tiik  American  Society  of  Civil  Engineers  Report  of 

i.\  A.NMAL  Mketlm;  Assembled,  January  15Tir,  1918:  ni?e*tionon 

For  a  number  of  years  the  territory  occupied  l.y  th..  iiu'iiiljership  ^''KKar' 
of  the  Society  has  been  divided  into  seven  Geograiihical  Districts, 
of  which  District  No.  1  is  the  territory  within  50  miles  of  the  Post 
Office  of  the  City  of  New  York,  and  each  of  the  other  six,  as  nearly  as 
practicable,  contiguous  territory,  each  containing,  as  nearly  as  prac- 
ticable, an  equal  number  of  members. 

It  has  always  been  a  very  ditiicult  matter  to  arrange  the  Districts 
so  that  each  of  them  should  be  in  any  sense  local.  In  the  Districts 
as  now  laid  out,  for  instance.  West  Virginia,  Arizona,  and  New  Mexico, 
are  in  the  same  District;  Kentucky  and  North  Dakota  are  in  the  same 
District;  Colorado  ajid  Washington  are  in  the  same  District,  and 
District  No.  2  takes  in  the  whole  of  the  Dominion  of  Canada  and  the 
New  England  States,  together  with  Europe  and  Africa. 

As  the  membership  increases  it  becomes  occasionally  necessary, 
under  the  Constitution,  in  order  that  the  Districts  shall  be  arranged 
"as  nearly  as  practicable''  with  the  same  number  of  members  in  each, 
to  make  a  re-districting,  and  during  the  past  six  months  the  Board 
has  been  endeavoring  to  do  this.  The  result  has  not  been  particu- 
larly satisfactory,  geographically,  the  only  gain  over  the  present  division 
being  a  little  more  equal  distribution  in  the  number  of  members.  For 
instance,  in  the  best  plan  that  has  been  worked  out,  Indiana,  North 
(\irolina,  Florida,  Texas,  and  New  Mexico,  are  all  in  the  same  District. 
Illinois  is  in  the  District  with  Idaho  and  Montana,  and  New  York 
State  is  in  the  same  District  with  Minnesota.  The  second  District 
is  practically  as  it  is  at  the  present  time,  containing  the  whole  of 
Canada,  the  New  England  States,  and  Europe. 

It  has  been  suggested  that  the  representative  character  of  the  mem- 
bers of  the  Board  of  Direction  could  be  better  maintained  if  the 
territory  outside  of  the  Resident  District  was  divided  into  twelve 
instead  of  six  Districts  as  at  present,  making  thirteen  Districts  in  all. 
The  number  of  Directors  would  in  this  case  not  be  changed,  and  each 
of  the  twelve  Districts  would  have  at  all  times  one  Director,  the 
niiniher  of  representatives  from  District  No.  1  remaining  unchanged. 

In  the  same  way,  instead  of  the  appointment  of  two  representatives 
from  each  of  the  Geographical  Districts  on  the  Nominating  Committee, 
one  representative  would  be  elected  from  each  (except  from  District 
No.  1),  so  that  the  Nominating  Committee  would  be  made  up  of  two 
representatives  of  District  Xo.  1,  and  one  from  each  of  the  other 
twelve  Districts. 

With  the  present  membership  of  the  Society,  there  are  about  1  400 
liesidont  ^Members,  and  including  foreign  countries,  the  remainder  of 
the  membership  is  about  5  400.  If  this  latter  number  were  divided 
into   twelve   Districts   there   would   be   at   the   present   time   about   450 
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in  each  of  the  Districts.  It  is  believed  that  a  sub-division  into  twelve 
Districts  can  be  worked  out  on  State  and  Territorial  lines,  which 
would  not  only  be  more  representative  of  certain  sections  of  the 
country,  but  would  also  be  much  more  permanent  than  is  possible  with 
only  six  Districts. 

It  is  not  possible  to  make  this  change  except  by  an  amendment  to 
the  Constitution,  and  the  Board  recommends  to  the  Annual  Meeting 
that  the  whole  matter  be  taken  up  for  discussion. 

Under  the  Constitution,  proposed  amendments  must  be  reduced 
to  writing,  signed  by  not  less  than  five  Corporate  Members,  and  be 
presented  to  the  Secretary  not  less  than  sixty  days  previous  to  the 
Annual  Convention.  Such  amendments  are  then  sent  by  letter  to 
all  Corporate  Members  of  the  Society  at  least  twenty-five  days  previous 
to  the  Annual  Convention,  and  are  in  order  for  discussion  at  the  Busi- 
ness Meeting  held  during  the  Annual  Convention.  They  may  be  amended 
in  any  manner  pertinent  to  the  original  amendment  by  a  majority  vote 
of  the  Business  Meeting,  and  if  so  amended  shall  be  voted  upon  later 
by  letter-ballot;  if  not  so  amended,  they  shall  be  voted  upon  by  letter- 
ballot,  as  submitted. 

If  this  course  is  taken  in  this  matter,  and  an  amendment  to  the 
Constitution  covering  this  suggested  change  adopted,  it  will  go  inta 
effect  ISTovember  1st.  1913,  in  ample  time  for  a  change  of  the  Dis- 
tricts before  1914. 

The  necessary  changes  to  be  made  are  very  simple,  and  are  a& 
follows : 

Amend  Article  VII — Nomination  and  Election  of  Officers — -as 
follows : 

Section  1,  second  line,  strike  out  the  word  "seven",  and  substi- 
tute the  word  "thirteen". 

Line  8,  strike  out  the  word  "and"  between  6  and  7,  and  add  ",  8, 
9,  10,  11,  12,  and  13." 

Strike  out  the  first  paragraph  of  Section  2,  and  substitute  the 
following:  "At  the  Annual  Meeting  of  each  year,  seven  Corporate 
Members,  not  officers  of  the  Society,  shall  be  appointed  by  the  meet- 
ing to  serve  for  two  years.  They  shall  be  selected  so  as  to  provide,. 
with  the  seven  members  holding  over,  two  members  from  District  No.  1, 
and  one  from  each  of  the  remaining  twelve  districts;  and  these  with 
the  five  living  last  Past-Presidents  of  the  Society,  shall  be  a  Com- 
mittee to  nominate  officers  for  the  Society." 

Strike  out  the  word  "and"  in  the  15th  line  of  the  third  paragraph 
of  Section  2,  and  after  the  figure  Y,  add  ",  8,  9,  10,  11,  12,  and  13." 

The  whole  article  as  it  will  read  when  so  amended  is  attached  ta 
this  report. 

By  order  of  the  Board  of  Direction, 

Chas.  Warren  Hunt, 
January-  Ttii,  1913.  Secretary. 


i 
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TiiK  PuKSiDENT. — Gentlemen,  the  recommendation  of  the  Board  in    Discussion  on 
reeavd  to  districts  is  before  you.     Whnt  is  your  pleasure?  'l>istri'cts^* 

The  Secrktary. — Mr.  President.  \  might  say  that  the  intention  of 
the  Board,  in  bringing'  this  matter  before  the  Avmual  Meeting,  was 
to  get  an  expression  of  opinion,  if  possible,  and  to  have  some  discussion 
of  this  suggested  change,  before  it  is  placed  before  the  Society  in  the 
form  of  an  Amendment  to  the  Constitution.  In  this  way,  the  opinions 
expressed  here  will  come  before  all  the  members  in  the  Proceedinqs. 

Mr.  G.  W.  Tim.son. — Mr.  President,  in  order  to  get  the  matter  be- 
fore the  meeting,  I  move  that  the  recommendation  of  the  Board  be 
approved. 

(Motion  seconded.) 

The  President. — Gentlemen,  you  have  heard  the  motion  moved  and 
seconded.  As  many  as  are  in  favor  of  the  motion  signify  it  by  saying 
"aye";  contrary,  "no";  the  recommendations  of  the  Board  are  approved. 

S.  Whinery,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  understood  that 
the  object  of  this  motion  was  to  open  this  question  to  discussion  by  the 
meeting,  and  I  think  that  that  should  be  done.  If  necessary,  therefore. 
I  move  that  that  motion  be  reconsidered. 

(Motion  duly  seconded.) 

Mr.  R.  L.  Humphrey. — What  motion? 

The  President. — I  suppose  we  can  go  on  with  the  discussion,  if  the 
gentlemen  do  not  object  to  reconsidering  it,  without  any  further 
ceremony. 

^Ir.  R.  L.  Humphrey. — Do  I  understand  that  this  meeting  does  not 
accept  a  recommendation  of  the  Board  to  send  out  an  amendment 
without  being  sent  out  sixty  days  in  advance  by  letter-ballot?  Why 
cannot  this  meeting  order  such  an  amendment  to  ballot,  and  have  it 
sent  out? 

The  Secretary. — Such  action  would  not  be  constitutional. 

Mr.  R.  L.  Hu.mphrey. — IMr.  President,  I  submit  that  if  this  Annual 
Meeting  should  order  this  sent  out  unanimously,  it  would  be  perfectly 
legal. 

The  Phksidk.nt. — It  cannot  go  out  through  letter-ballot  until  it  has 
iH'en  presented  to  the  Annual  Meeting;  as  I  understand  it,  the  object 
of  presenting  it  here  is  for  the  purpose  of  getting  an  expression  of 
opinion  from  this  meeting,  and  the  expression  that  we  give  here  will 
go  out  to  all  the  members  of  the  Society,  so  that  they  can  act  intelli- 
gently on  the  matter. 

H.  M.  WiLsox,  il.  Am.  Soc.  C.  E. — Mr.  President,  I  think  I  see  the 
point  that  Mr.  Humphrey  intended  to  raise  when  he  made  his  inquiry. 
I  realize,  as  the  Secretary  states,  that  it  would  be  unconstitutional  to 
send  this  amendment  out  to  letter-ballot  at  this  time;  but,  for  the  pur- 
pose of  getting  a  little  discussion  here,  which  it  seems  the  Board  would- 
like  to  have,  although  it  seems  doubtful  that  you  will  get  much,  because 
I  judge  tliat,  from  their  actions,  most  of  the  members  here  approve  of 
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Discussion  on  this  recommendation,  I  make  this  suggestion :  The  next  action,  as  I 
^u^'t^fct'if*  understand,  is  the  presentation  in  writing,  by  five  members,  of  an 
(continued),  amendment  to  the  Constitution,  and  I  make  the  inquiry  as  to  whether 
or  not,  for  the  sake  of  debate  here  at  this  well  attended  meeting,  five 
members  might  not  get  on  their  feet  and  say,  "I  will  sign  such  a  reso- 
lution as  has  just  been  presented.''  If  that  would  meet  the  wishes  of 
the  Society  and  the  President  in  the  matter  of  opening  the  debate  and 
starting  the  ball  rolling,  I  may  say  it  will  give  me  great  pleasure  to  sign 
such  a  resolution  as  has  been  offered. 

Mr.  G.  S.  Williams. — Mr.  President,  I  fully  appreciate  the  senti- 
ments of  the  Board  of  Direction  in  proposing  these  amendments,  or 
this  amendment;  and,  as  far  as  it  goes,  it  is  all  right,  but  it  does  not 
go  far  enough.  Dividing  six  districts  in  two  and  making  twelve  in- 
stead of  six,  will  not  increase  the  number  of  members  of  the  Board  of 
Direction  in  attendance  upon  its  meetings. 

This  Society  has  gotten  so  large  now,  we  are  reaching  all  over  the 
world,  and  those  who  are  on  the  outskirts,  on  the  Pacific  Coast,  even 
in  the  Mississippi  Valley,  nevertheless  feel  somehow  or  other  that  they 
do  not  have  enough  to  say  about  the  running  of  it.  I  want  to  tell 
them — and  I  am  one  of  that  group,  because  I  belong  out  in  the  central 
portion  of  the  country — that  they  have  as  much  to  say  about  the  run- 
ning of  it  as  they  are  willing  to  take  upon  themselves. 

The  reason  the  Pacific  Slope  does  not  run  the  American  Society  of 
Civil  Engineers  is  because  it  does  not  get  around  here  and  do  it;  and 
the  reason  the  Southern  States  do  not  run  it  is  the  same;  and  the 
reason  that  the  Central  States  do  not  run  it  is  the  same ;  and  the  reason 
that  the  members  here  in  New  York  and  a  few  from  New  England 
and  a  few  from  Philadelphia  do  run  it  is  because  there  is  not  anyl)ody 
else  around  to  do  it,  and  the  Society  lias  to  be  run. 

Now,  I  hear  more  or  less  sometimes  from  my  friends  in  the  out- 
lying districts  that  this,  that,  and  the  other  fellow  is  running  the 
American  Society  of  Civil  Engineers.  All  I  have  to  say  to  you  who 
are  complaining  is,  "get  busy  and  run  it  yourselves".  Wliat  we  want 
here  is  not  more  representation  or  more  diversified  representation,  but 
something  that  will  get  the  fellows  who  are  supposed  to  represent  the 
business  of  this  Society  down  here  to  do  business,  and  I  think  that 
this  Society  is  big  enough  and  strong  enough  and  wealthy  enough  to 
make  it  an  object  for  each  member  of  the  Board  of  Direction  to  get 
here  and  do  the  business  of  the  Society. 

Now,  while  I  am  in  favor  of  this  amendment  as  far  as  it  goes,  I 
think  that  the  Board  of  Direction  or  some  specially  constituted  com- 
mittee of  this  Society  should  carefully  take  into  consideration  a  project 
to  make  our  members  on  the  Board  of  Direction  from  the  outlying- 
districts  something  more  than  mere  figureheads. 
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'J'liK  Prksiuknt. — Gentlemen,  I  might  give  some  word  of  my  experi- 
ence, and  that  is  that  at  every  Board  meeting  that  I  have  attended 
here  there  have  been  members  from  Boston  and  from  Roanoke  and  from 
Chicago,  and  various  sections  of  the  country,  and  there  is  no  reason, 
as  far  as  tlic  authority  of  the  Board  is  concerned,  why  the  rest  of  the 
mcnihcrs  of  the  Board  should  not  have  been  present. 

.Mi{.  X.  P.  Lkwis. — Mr.  President,  it  seems  to  me  that  the  thing 
wo  arc  most  interested  in  is  how  these  new  men  will  affect  the  mem- 
bersl)ip  of  the  Nominating  Committee.  That  Nominating  Committee, 
I  believe,  consists  of  nineteen,  four  members  elected  from  each  district, 
and  five  past-presidents.  Under  the  present  system,  every  year  there 
are  eight  of  the  nineteen  new  members  elected  to  the  Committee,  not 
quite  a  majority.  Under  the  new  system  there  would  be  fourteen  out 
of  the  nineteen  new  members  elected  every  year,  if  I  understand  it. 

The  Secretary. — I  am  afraid  you  do  not  understand  it. 

^hi.  N.  P.  Lewis.— Twelve? 

The  Secretary. — Six. 

^[r.  N.  p.  Lewis. — Twelve  uev;  members  from  each  of  the  twelve 
new  districts. 

The  Secretary. — Six. 

Mr.  N.  p.  Lewis. — As  I  understand  the  report  of  the  Board  of 
Direction,  it  was  that  there  be  twelve  districts  outside  of  District  No.  1, 
with  one  member  elected  from  each  of  those  districts  each  year. 

The  Secretary. — One  member  from  six  of  the  districts  to  be  elected 
every  year. 

ilR.  N.  P.  Lewis. — Every  two  years? 

The  Secretary. — One  member  from  the  six  alternate  districts  to  be 
elected  the  year  thereafter. 

Mr.  N.  p.  Lewis. — Then  the  changes  in  the  personnel  would  be  the 
same  as  they  are  at  present  ( 

The  Secretary. — Yes.  sir. 

Mr.  N.  p.  Lewis. — The  only  other  thing  I  want  to  speak  about  is 
this:  Mr.  Williams,  I  think,  intended — possibly  I  misunderstood  him — 
to  refer  to  members  of  the  different  districts  not  attending  the  meet- 
ings of  the  Nominating  Committee  or  of  the  Board  of  Direction? 

Mr.  G.  S.  Williams. — It  applies  to  both.  I  was  speaking  of  the 
Board  of  Direction  more  particularly. 

Mr.  N.  p.  Lewis. — It  is  true  that  it  is  an  exceedingly  difficult  thing, 
and  would  likely  be  more  difficult  to  have  members  of  twelve  outlying 
districts  rounded  up  at  the  meeting  of  the  Nominating  Committee. 
This  may  not  be  germane  to  this  particular  amendment  that  has  been 
proposed,  but  it  might  be  possible,  and  it  seems  to  me  not  unfair,  to 
have  the  meeting  of  the  Nominating  Committee  held  in  the  different 
districts,  provided — and  I  think  this  is  only  fair — provided  that  the 
expenses  of  the  members  of  the  Ninniunting  Conunittee   be  paid   for 
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Discussion  on  attendance  of  the  members  at  that  meetine-.     I  believe  there  is  a  pro- 
Geographical      .  .       »       1  , 
Districts       Vision  tor  that  at  the  present  time. 

(coninuet).  j£  ^^^^  want  to  get  local  color,  local  atmosphere,  let  lis  have  the 

meetings  of  the  Nominating-  Committee  held  in  different  districts  in 
successive  years.  It  is  proper  that  there  should  be  some  sort  of 
continuity  of  purpose  or  quality  in  that  committee.  It  is  wise  to  have 
a  certain  number  of  holdovers  unquestionably  every  year,  and  T  cannot 
but  believe  that  twelve  districts,  outside  of  the  home  district,  would 
add  interest  to  the  meetings  of  the  Committee,  and  if  the  meetings  of 
the  Committee  could  perhaps  alternate  every  second  year  in  the  home 
district,  and  in  other  years  in  the  various  other  districts  in  rotation, 
it  would  infuse  a  little  more  interest  and  life  into  the  work  of  the 
Nominating   Committee. 

H.  B.  Seaman,  M.  Am.  Soc.  C.  E. — Mr.  President,  in  connection 
with  the  suggestion  that  the  expenses  of  the  Nominating  Committee 
be  paid  for  their  attendance  on  the  meetings,  I  believe  that  there  is, 
or  there  has  been,  no  provision  by  which  their  expenses  are  paid  except 
by  special  action  of  the  Board  of  Direction.  I  understand  that  for 
years  past  it  has  been  found  advisable  to  pay  the  expenses  of  directors 
who  are  willing  to  give  their  time  to  coine  to  New  York  City  to  help 
manage  the  Society,  but  there  has  been  no  provision  by  which  the 
Nominating  Committee,  which  is  the  father  of  the  Board  of  Direction, 
has  its  expenses  paid.  There  are  a  number  of  men  who  went  from  the 
East  to  Seattle  last  summer,  with  no  such  provision.  They  paid  their 
own  expenses,  and  they  gave  their  own  time,  and  some  of  them  had 
very  little  time  to  give.  I  know  of  one  individual  who  went  from 
Philadelphia  to  Seattle  and  spent  half  a  day  there  to  do  his  work,  and 
came  home.  There  is  no  provision  in  the  Constitution  to  pay  expenses, 
the  actual  expenses  of  such  men. 

There  was  a  motion  put  in  the  Convention  at  Seattle  that  their 
expenses  be  paid,  the  same  as  those  of  the  members  of  the  Board  are 
paid.  I  would  like  to  ask,  on  behalf  of  the  membership  of  the  Society, 
what  has  been  done  by  the  Board  in  regard  to  that  motion,  if  those 
expenses  have  been  paid? 

The  Secretary.- — Mr.  President,  the  Board  of  Direction  considered 
the  resolution  that  was  adopted  at  the  Annual  Convention  in  Seattle, 
and  adopted  a  resolution  to  pay  mileage  to  the  members  of  the 
Nominating  Committee  at  any  one  meeting  that  they  should  decide 
upon,  whether  it  should  be  at  the  place  of  holding  the  Annual  Con- 
vention or  at  some  other  point  which  would  be  more  convenient  for 
them;  and  that  will  be  done  in  the  future. 

Mr.  H.  B.  Seaman. — Was  it  done  for  those  who  went  to  Seattle? 
The  Secretary.— It  was  not,  sir. 

Mr.  H.  B.  Seaman. — There  you  have  the  situation,  gentlemen.  We 
have   a   modification    of   the    Constitution   proposed   by   which   if   ten 
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iiK'ii  (lu  imi  ;itt('ii(i  I  lie  im"(>tings  it  would  revert  to  the  lioard  of  Direc- 
tion, wliieli  wiMild  iiriK'tically  make  the  Board  of  Direction  a  self- 
perpetuatinji-  Imdy.  liccause  no  men  would  ever  be  got  together  across 
country  to  attend  ihnt  iiuH'ting.  I  do  not  think  there  is  a  record  of 
any  ten  iiiciuhcrs  of  that  committee  attending  the  meeting.  It  could 
all  lie  dinif  liy  cnrrcsiiuiidcncc,  but  the  provision  of  the  Constitution 
is  that  thc\  must  attend.  If  they  do  not  attend,  it  would  revert  to 
the  Board  of  Direction,  and  they  would  become  a  self-perpetuating 
body,  and  it  was  understood  by  the  Society  that  that  would  be  attended 
to  by  the  Board  itself.  I  think  the  key  to  this  situation  is  to  nominate 
a  Nominating  Committee  which  can  nominate  and  be  ready  to  attend. 

Mn.  B.  L.  Hu^rpiiRKY. — Mr.  President,  in  District  No.  4,  we  have 
Maryland  and  Washington  and  the  District  of  Columbia,  Delaware, 
Pennsylvania,  and  Ohio.  Now,  in  the  vicinity  of  Pennsylvania  those 
who  live  in  the  southern  end  of  Virginia  and  do  their  business  in  that 
particular  section  want  to  vote  in  that  section.  District  No.  4.  I 
think  the  districts  should  be  fixed  with  some  idea  as  to  the  centers  of 
population  in  the  districts  selected.  I  think  that  District  No.  4  should 
comprise  the  State  of  Pennsylvania  and  all  of  New  Jersey  which  is 
not  in  the  first  District.  I  think  this  is  a  matter  in  which  there 
should  be  action  taken.  It  is  manifestly  impossible  for  the  people  in 
Ohio  to  be  in  touch  with  the  people  of  Pennsylvania,  in  attempting 
to  get  a  proper  representation  of  the  Nominating  Committee,  and 
it  seems  to  me  that  the  provision  dividing  the  districts  into  twelve 
is  a  proper  one,  and  it  is  a  pity  that  the  red  tape  of  this  Society 
prevents  us  from  taking  needed  action  on  something  which  we  think  is 
necessary. 

Mr.  J.  P.  Snow. — Mr.  President,  the  point  made  by  the  last 
speaker  in  attempting  to  fLx  upon  a  new  redistricting  should  be  taken 
into  consideration,  but  our  last  amendment  to  the  Constitution  pre- 
cluded the  dividing  up  of  a  State.  I  agree  with  Mr.  Humphrey  that 
that  ought  to  be  borne  in  mind,  because  in  making  these  districts  the 
prominent  cities  are  the  points  to  be  considered  with  their  contiguous 
territories.  Philadelphia  and  Pittsburgh  are  in  the  same  State,  and 
it  is  a  big  one,  and  in  order  to  make  a  good  distribution,  we  need  to 
divide  some  of  the  States,  make  the  districts  other  than  on  Territorial 
or  State  lines;  but,  as  I  understand  the  resolution  read  by  the  Secre- 
tary, it  simply  states  that  it  is  thought  that  such  a  division  can  be 
made.     It  does  not  preclude  the  dividing  of  a  State. 

I  think  that  the  last  amendment  to  the  Constitution  should  be 
somehow   abrogated  by   amendment,  'so   that   a    State   can   be   divided. 

There  is  no  particular  difficulty  in  doing  it,  because  very  frequently 
we  find  that  in  the  central  portion  of  a  State,  like  New  York  or  Penn- 
svlvaiiia,    I  lure    are    verv    few    of    our    members    resident,    and    a    line 
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Discussion  on   could  be   drawn  -which   would  make  much   better  work,   much  better 
^ofsU^K-ts^''^    distribution,  than  on  State  lines. 

(continued).  fj'jjg  PRESIDENT. — I  want  to  Say  one  word.     The  report  does  not 

contemplate  lines  on  which  districts  shall  be  drawn;  that  is  left  to 
the  Board  of  Direction,  and  I  think  you  can  rely  on  them  to  make 
the  distribution  so  as  to  have  certain  large  centers  in  each  of  the 
districts. 

That  will  be  the  aim,  as  I  understand  it. 

A.  N.  Talbot,  M.  Am.  Soc.  C.  E. — Mr.  President,  the  provision  for 
increasing  the  number  of  districts  for  the  Nominating  Committee 
strikes  me  as  being  a  good  one,  but  the  other  provision  that  a  director 
shall  be  selected  from  each  of  those  districts  may  lead  us  to  have 
some  directors  from  these  far-away  districts,  and  in  this  way  increase 
the  difficulty  of  getting  a  general  attendance  at  the  meetings  of  the 
Board  of  Direction.  It  seems  to  me  that  this  part  of  the  proposal 
should  be  considered  further  before  being  put  on  as  a  change  in  the 
Constitution,  lanless  in  some  way  the  number  of  meetings  of  the  Board 
could  be  reduced  from  monthly  meetings  to  say  quarterly  meetings, 
in  which  case  greater  efforts  could  be  made  than  at  present. 

James  Burden,  M.  Am.  Soc.  C.  E. — The  membership  of  the  Society 
is  so  great  that  it  seems  to  me  it  might  be  well,  not  only  to  increase 
the  number  of  districts,  but  to  increase  the  number  of  men  represent- 
ing those  districts.  Would  it  not  be  well  to  increase  the  number  of 
districts  and  leave  its  membership  at  two  members  a.s  it  is  now? 

Mr.  H.  M.  Wilson. — -Mr.  President,  the  suggestion  of  the  last  speaker, 
which  I  note  meets  with  some  favor,  opens  up,  even  further  than  do 
Mr.  Williams'  remarks,  the  immensity  of  this  question  and  its  import- 
ance to  the  Society.  I  agree  with  Mr.  Williams;  I  should  go  farther 
in  an  endeavor  to  have  the  meetings  of  the  Society  well  attended; 
and  I  have  cast  rather  a  longing  eye  on  the  growing  annual  surplus 
of  $30  000.  I  feel  hungry,  for  one  thing,  physically  hungry,  because 
I  understand  that  a  resolution  which  was  referred  to  the  Board  last 
year,  suggesting  that  an  effort  be  made  to  entertain  us  with  luncheon 
in  this  building,  so  that  we  could  come  here  and  discuss  these  matters 
conversationally  has  been  turned  down.  (Applause.)  I  presume  that 
applause  is  not  caused  by  agreement  with  what  I  understood  was  the 
opinion  of  a  member  of  the  Board  of  Direction,  that  it  would  be 
undignified  for  us  to  eat  our  luncheon  here  in  this  manner  without 
cost.  Therefore,  I  should  be  glad  for  one,  to  use  some  of  the  surplus 
for  other  purposes  than  furnishing  luncheon,  provided  the  members  of 
the  Board  of  Direction  will  permit  us  to  pay  for  the  luncheon  here 
next  time.  Would  it  not  be  to  the  interest  of  this  Society  to  pay, 
not  only  the  traveling  expenses  of  the  Board  of  Direction,  when  they 
attend  the  Annual  Meetings,  but  to  pay  them  salaries  as  in  some  cor- 
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porations?  Is  not  the  business  of  this  Society  large  enough  to  warrant 
that  ? 

In  niakiuii'  that  suggestion,  Mr.  President,  I  do  not  say  tliat  I 
wholly  agree  to  the  i)roposition  myself  at  this  time,  but  it  occurred  to 
me  as  a  tliought  worthy  of  consideration,  while  we  are  here  and  are 
debating  this  subject,  as  to  whether  or  not  we  should  so  increase  the 
membership  of  the  Boai'd  of  Direction  as  to  make  it  prohibitive  that 
we  pay  them  any  compensation  for  attendance,  and  perhaps  even  pro- 
hibitive that  we  even  go  so  far  as  to  pay  traveling  expenses  for  them 
and  for  the  members  of  the  Nominating  Committee. 

Mr.  S.  Whinery. — Mr.  President  and  gentlemen  of  the  Society, 
I  think  that  a  more  important  and  interesting  question  is  whether  this 
provision  of  the  Constitution  and  the  practice  of  the  Society,  dividing 
the  country  into  geographical  districts,  might  not  be  advantageously 
abandoned  altogether.  Aside  from  one  or  two  small  items  of  the 
language  proposed,  I  doubt  if  in  the  actual  practice  of  administering 
the  affairs  of  this  Society,  this  question  of  geogTaphical  location  enters 
in  any  important  way.  It  may  be  remarked  that  our  Society  is,  if  I 
am  correctly  informed,  the  only  large  engineering  or  technical  society 
in  this  country  in  which  this  geographical  distribution  is  maintained. 

It  has  been  found  entirely  practicable  and  satisfactory  to  the  other 
societies  to  do  without  such  a  geographical  division.  It  seems  to  me 
the  question  might  be  very  profitably  considered  here,  whether  this 
Society  might  not  do  away  entirely  with  that  whole  provision  and  all 
the  consequences  and  difficulties  and  complications  that  attach  to  it. 

If,  however,  it  is  maintained,  it  seems  to  me  that,  with  regard  to 
the  outlying  districts,  it  is  not  necessary,  under  the  Constitution  or 
in  practice,  so  far  as  I  understand  it,  that  the  person  elected  as  a 
Director  for  that  district  shall  be  resident  in  the  district.  Am  I  right 
about  that,  Mr.  President,  that  Directors  elected  must  be  resident  in 
the  district? 

The  Secretary. — At  the  time  of  his  nomination,  the  Constitution 
says  he  must  be  resident  there,  and  if  elected  he  continues  to  represent 
that  district,  although  he  may  move  away. 

]\[r.  S.  Whinery. — He  may  move  away;  he  may  become  a  non- 
resident of  that  district.  Now,  w^hy  would  it  not  be  practicable  and 
satisfactory  to  adopt  practically  the  same  idea  that  they  pursue  in 
Parliament  in  England?  District  No.  7,  which  is  scattered,  could 
take  in  members  here  in  New  York  to  attend  all  the  meetings  without 
difficulty,  and  they  could  be  made  to  represent  the  interests  of  that  dis- 
trict, so  far  as  such  representation  is  of  any  consequence.  I  doubt 
very  much  if  it  is  of  any  importance,  and,  as  a  matter  of  fact,  I  think 
the  affairs  of  the  Society  would  probably  be  administered  just  as  ad- 
vantageously and  just  as  satisfactorily  by  a  body  of  directors  elected 
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within  reasonable  distances  of  New  York  City,  as  under  the  present 
system;  but  I  think  the  main  question  that  should  be  considered  is 
whether  it  would  not  be  wise  to  dispense  entirely  with  this  system  of 
geographical  distribution. 

E.  W.  Stkrn,  M.  Am.  Soc.  C.  E.— Mr.  President,  I  should  like  to 
say  a  word  on  this  question  in  relation  to  the  method  we  now  have 
of  appointing  the  Nominating  Committee.  Inasmuch  as  the  Nominat- 
ing Committee  is  probably  the  most  important  body  which  has  to  do 
with  this  organization,  inasmuch  as  it  nominates  the  Board  of  Direc- 
tion, I  do  believe  that  the  policy  or  the  system  of  having  the  Nominat- 
ing Committee  elected  by  informal  ballot,  in  the  manner  at  the  present 
time  in  use,  is  not  one  which  would  get  probably  the  best  results.  I 
believe  that,  inasmuch  as  the  members  of  the  Board  of  Direction  are 
elected  by  the  Australian  ballot  system,  that  the  Nominating  Com- 
mittee should  likewise  be  elected  by  the  Australian  ballot  system.  I  see 
no  reason  why  it  should  be  otherwise. 

We  nominate  these  men,  give  them  tremendous  powers,  and  they 
nominate  a  Board  of  Direction,  which  in  turn  is  elected  by  the 
Australian  ballot  system,  but  on  very  few  occasions  has  the  recom- 
mendation of  this  Nominating  Committee  ever  been  changed  in  the 
final  balloting.  We  could  really  logically  have  an  informal  ballot  on 
the  recommendation  of  the  Nominating  Committee  rather  than  an 
informal  ballot  on  the  election  of  the  members  of  this  Nominating 
Committee,  which  is  the  custom  in  vogue  to-day. 

The  President. — The  question  before  the  meeting  is  the  report  of 
the  Board  of  Direction  in  regard  to  the  proposed  amendment,  and 
we  are  not  discussing  the  methods  of  selecting  the  Nominating  Com- 
mittee, or  things  of  that  sort.    The  discussion  has  been  rather  rambling. 

Mr.  E.  W,  Stern. — With  all  due  deference  to  your  opinion,  Mr. 
President,  it  seems  to  me  that  it  has  a  bearing  on  the  whole  situation, 
as  involving  the  methods  of  election  of  the  Board  of  Direction  and 
the  subdivision,  and  so  on.     However,  I  defer  to  your  judgment. 

Mr.  R.  L.  Humphrey. — In  order  to  get  a  motion  before  the  meet- 
ing, I  should  like  to  move,  Mr.  President,  that  it  is  the  sense  of  this 
meeting  that  such  a  change  as  outlined  by  the  report  read  by  the  Secre- 
tary is  desirable,  that  the  Board,  in  reporting  back  such  an  amendment 
to  the  Society,  remove  the  restrictions  as  to  State  and  Territorial  lines. 

The  President. — Gentlemen,  you  have  heard  the  motion.  All  in 
favor  signify  by  saying  "aye" ;  contrary,  "no".  The  ayes  seem  to  have 
it;  the  ayes  have  it. 

Mr.  G.  W.  Tillson. — Mr.  President,  is  the  original  motion  before 
the  meeting?  It  seems  to  me,  from  the  discussion  we  have  had,  that 
there  is  no  question  at  all  about  adopting  the  report  of  the  Board  in 
general.  It  seems  to  me  that  if  we  should  adopt  that  and  then  carry 
some  other  motion,  which  would  make  certain  suggestions,  that  would 
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be  the  better  way  to  proceed,  either  that  the  proposed  amendment  be 
drawn  up  by  the  Board  or  by  the  committee,  whichever  is  seen  fit.  It 
seems  to  me,  first,  that  we  need  to  act  upon  the  recommendation  of  the 
Board  as  a  thing  by  itself. 

Mr.  R.  L.  Humphrey. — Mr.  President,  I  think  the  motion  offered 
by  myself  covered  that.  It  approved  the  suggestion  and  reported  back 
the  amendment  that  the  restrictions  should  be  removed. 

TiiK  Secretary. — Mr.  President,  an  amendment  to  the  Constitu- 
tion may  be  proposed  by  any  five  members  of  the  Society.  The  object 
of  the  Board,  in  making  this  report  to  this  Annual  Meeting,  was  to 
have  a  discussion  in  order  that  the  ideas  of  the  members  here  could 
be  gotten.  Now,  I  think  the  Board  does  not  need  any  further  instruc- 
tions about  the  matter,  unless  this  meeting  wants  to  pass  a  resolution 
that  it  does  not  approve  of  a.ny  part  of  this  proposition.  The  sugges- 
tion that  was  made  about  the  removal  of  the  State  and  Territorial 
lines  is  certainly  a  very  good  one.  That,  as  far  as  I  have  heard,  is 
about  the  only  suggestion  that  has  been  made  for  a  change. 

Mr.  S.  Wiiixery. — Mr.  President,  in  order  to  get  the  trend  of  this 
meeting  with  reference  to  the  question  of  geographical  distribution, 
I  move  that  it  be  the  sense  of  this  meeting  that  the  provision  for  the 
geographical  distribution  of  members  and  every  other  item  of  the 
Constitution  which  looks  to  geographical  distribution  be  changed  and 
abolished. 

The  PREsmENT. — It  seems  to  me  that  we  have  already  approved 
of  the  recommendation  of  the  Board. 

Mr.  S.  Whinery. — I  intend  to  introduce  this  as  an  entirely  new 
motion.  I  understood  your  decision  to  be  that  the  other  question  was 
disposed  of. 

A  Member. — Is  there  a  motion  before  the  house? 

The  President. — There  is  no  motion. 

A  Member. — I  second  the  motion. 

The  Pre.sident. — Will  you  state  that  motion  again? 

Mr.  S.  Whinery. — That  motion  is'  that  it  be  the  sense  of  this 
meeting  that  all  provisions  in  the  Constitution  relating  to  the  division 
of  the  territory  into  geographical  sections  and  to  sectional  representa- 
tion and  everything  else  relating  to  that  matter  be  abolished. 

The  President. — Gentlemen,  are  you  ready  for  the  question? 

Mr.  G.  S.  Williams. — I  believe  that  Mr.  Humphrey's  motion  was 
seconded.     Was  it  ruled  out  of  order  by  the  chair? 

The  President. — No;  it  was  passed,  carried. 

^Ir.  G.  W.  Tillson. — Mr.  President,  just  for  information,  I  would 
like  to  know  what  became  of  my  motion? 

The  President. — Your  original  motion  was  carried,  but  there  was 
a  request  afterward  that  the  subject  be  discussed,  and  I  was  very 
glad  to  have  it  discussed;   and  Mr.  Humphrey's  motion,  as  I  under- 
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stand   it,    is   practically   identical  with  yours.     Now,   this   motion   by 
Mr.  Whinery  is  before  the  house.     Are  you  ready  for  the  question? 

Mr.  a.  N,  Talbot. — Mr.  President,  does  the  passage  of  the  resolu- 
tion carry  with  it  the  approval  of  this  body  applicable  to  the  geo- 
graphical distribution?  If  so,  I  hope  it  will  not  be  carried.  It  is  one 
of  the  best  things  connected  with  the  government  of  the  Society.  It 
has  carried  weight  with  the  members  away  from  the  City  of  New 
York  more  than  anything  connected  with  the  Society.  It  has  been 
stated  here  that  other  National  Societies  do  not  have  it.  My  informa- 
tion is  that  they  wish  they  had,  and  it  has  been  more  or  less  unsatis- 
factory because  of  their  lack  of  such  distribution.  I  think  the  motion 
should  not  be  carried. 

K.  S.  Buck,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  ask  for  informa- 
tion; do  I  understand  it  is  open  to  the  Board  to  name  its  own  lines 
of  division,  on  this  resolution  of  Mr.  Whinery,  or  does  it  mean  to  wipe 
out  the  whole  provision? 

Mr.  S.  Whinery. — My  intention  was  to  wipe  out  the  whole  system 
of  geographical  distribution  in  the  control  of  the  Society,  and  put 
it  precisely  on  the  same  basis  as  the  other  National  Engineering 
Societies  in  that  respect. 

The  President. — You  have  heard  the  motion,  gentlemen.  As  many 
as  are  in  favor  of  it  signify  by  saying  "aye";  contrary,  "no".  The 
noes  seem  to  have  it;  the  noes  have  it. 

Mr.  G.  W.  Tillson. — I  move  that  the  whole  matter  be  referred  back 
to   the   Board   of  Direction,   with   a   request   that   it  prepare  what   it 
considers  a  suitable  amendment  in  view  of  the  discussion  we  have  had 
here  to-day,  in  time  to  be  acted  upon  by  the  next  Convention. 
(Motion  duly  seconded.) 

Mr.  E.  L.  Humphrey. — Mr.  President,  I  submit  that  that  is  al- 
ready covered  by  the  preceding  motion.  It  instructs  the  Board  to  do 
that. 

A  Member. — I  would  like  to  know  where  we  are  at. 
A  Member. — We  have  heard  that  the  first  motion  was  passed  re- 
lating to  the  recommendations  of  the  Board;  is  it  a  fact,  or  is  it  not, 
that  that  motion  was  passed,  or  was  it  made  as  a  motion  and  then 
disposed  of,  or  was  it  made  as  a  motion  and  passed? 

The  President. — It  was  made  as  a  motion,  passed,  and  then  dis- 
cussed; and  it  was  made  as  a  motion  again,  and  now  it  is  being  dis- 
cussed again. 

A  Member. — The  motion  of  the  gentleman  here  was  not  the  same  as 
the  gentleman  made,  to  adopt  the  recommendations  of  the  Board. 

Mr.  G.  W.  Tillson. — Mr.  President,  my  first  motion  was  that 
the  report  of  the  recommendations  of  the  Board  be  approved.  That 
I  understand  was  carried.  Now  my  second  motion  is  that  the  matter 
be  referred  back  to  the  Board   of  Direction  for  it  to  draw  up  what 
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it  considers  a  proper  amendment  to  carry  out  the  general  recom- 
mendations after  having  heard  the  discussion  here  to-day.  That  I  do 
not  think  lias  been  covered  by  any  other  motion. 

The  President. — It  is  the  purpose  of  the  Board  in  sending  out  this 
suggested  amendment  to  accompany  it  with  the  remarks  that  have  been 
made  here  to-dny.  Now,  I  will  put  this  motion,  in  order  to  be  sure  to 
have  all  the  motions  on  the  same  subject.  As  many  as  favor  the  mo- 
tion just  stated  signify  by  saying  "aye";  contrary,  "no".  The  ayes 
have  it. 

Mr.  S.  Whixery. — This  only  postpones  action  in  this  matter,  if 
it  is  to  go  back  to  the  Board ;  if  you  must  approach  the  Board  through 
five  members  who  petition  for  a  certain  amendment,  the  Board  con-  ' 
siders  it  and  must  present  that  to  the  next  Annual  Convention  or  the 
next  Annual  fleeting.  It  simi)ly  delays  action,  as  I  understand  it,  for 
six  months. 

The  Secretary. — Your  statement,  if  you  will  pardon  me,  is  not  a 
correct  one.  When  five  members  suggest  an  amendment  the  Board  has 
nothing  whatever  to  do  with  it.  It  must  go  to  the  Society  in  a  certain 
way. 

Mr.  S.  Whinery. — Still,  Mr.  Secretary,  does  not  my  contention 
stand  true  that  to  refer  this  again  to  the  Board  simply  means  a  post- 
ponement of  consideration  of  the  question  for  six  months  more? 

The  Secretary. — I  do  not  think  so,  sir.  Under  the  Constitution, 
no  amendment  can  be  voted  upon  and  become  operative  until  next 
October;  that  is  the  best  that  can  be  done. 

The  President. — The  next  thing  in  order  is  a  letter  from  E.  W. 
Clarke,  M.  Am.  Soc.  C.  E. 

The  Secretary. — The  letter  is  as  follows : 

"Pleasantville,  N.  Y., 

"December  31,  1912. 
"Board  of  Direction, 

"American  Society  of  Civil  Engineers. 

"Gentlemen. — It  has  appeared  to  me  from  a  rather  infrequent 
attendance  at  the  semi-monthly  meetings  of  the  Society  that  the 
practice  of  reading  papers  and  the  discussion  thereon  at  these  meet- 
ings is  of  really  very  little  value  and  that  at  this  time  it  might  be 
proper  to  suggest  that  such  readings  be  discontinued. 

"Those  who  are  interested  in  any  particular  paper  read  it  and  the 
discussions  at  a  time  when  they  can  get  the  greatest  benefit  from  it,, 
and  more  than  75%  of  the  membership  are  entirely  dependent  on  this 
method  of  using  the  papers.  The  great  listlessness  which  is  generally 
shown  during  the  reading  of  the  papers  and  the  reluctance  of  the 
members  to  enter  into  any  verbal  discussion  seems  to  me  to  indicate 
that   very   little   interest   is   taken   in   the   actual   presentation   at   the 
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PreSaUo°n''  ^^^^^^^^  meetings.  This  is  emphasized  by  the  great  rarity  with  which 
papers  are  presented  by  their  authors,  and  it  must  be  a  great  burden 
to  the  Secretary  to  read  papers  which  he  evidently  does  not  have  op- 
portunity to  read  over  beforehand. 

"Personally,  I  generally  go  to  these  meetings  in  hope  of  seeing 
friends,  whom  I  would  not  meet  otherwise,  and  it  seems  to  me  that 
if,  for  instance,  some  informal  presentation  could  be  arranged  of  actual 
construction  work  illustrated  by  lantern  slides  on  some  big  or  little 
job  by  men  actually  engaged  on  the  work,  or  some  similar  short  enter- 
tainment, and  the  bulk  of  the  evening  devoted  to  a  social  meeting,  it 
would  tend  to  get  larger  attendance  than  is  now  the  case. 

"I  request  that  this  letter  be  read  at  the  Annual  ]\Ieeting,  and  in 
order  to  get  an  expression  of  opinion  from  the  members  that  the  follow- 
ing be  offered: 

"That  the  President  appoint  a  committee  of  five  to  investigate  and 
report  at  the  regular  business  meeting  in  March,  1913,  on  the  possi- 
bility of  securing  suitable  engineering  entertainments  to  take  the 
place  of  the  reading  of  the  formal  papers  for  the  semi-monthly 
meetings. 

"Yours  truly, 

"E.  W.  Clarke,  M.  Am.  Soc.  C.  E." 

A  Member. — I  second  the  motion. 

The  President. — You  have  heard  the  motion,  gentlemen.  Are  you 
ready  for  the  question? 

E.  W.  Clarke,  M.  Am.  Soc.  C.  E. — I  do  not  wish,  Mr.  President,  to 
appear  in  the  attitude  of  being  a  critic  of  the  reading  of  the  papers  at 
the  semi-monthly  meetings.  I  think  they  are  one  of  the  most  im- 
portant features  of  the  Society;  but,  as  I  said  in  the  letter,  the  Society 
meetings  do  not  seem  to  be  productive  of  any  great  interest,  and  while 
that  may  not  be  the  best  method  of  making  the  members  take  an  active 
interest  in  them,  it  seems  to  me  possible  that  some  scheme  might  be 
gotten  up  that  would  get  more  members  here,  and  have  them  display 
greater  interest  in  the  semi-monthly  meetings,  and  I  wrote  the  letter 
in  the  hope  that  there  would  be  a  discussion,  and  that  some  action 
might  be  taken  along  those  lines. 

O.  E.  Hovey,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  would  like  very 
much  to  discuss  this  matter,  and  there  are  one  or  two  things  that  it 
appears  to  me  that  I  might  say  a  word  or  two  upon.  It  was  my  privi- 
lege to  be  located  temporarily  in  the  City  of  New  York  when  we  were 
located  at  127  West  23d  Street.  I  did  not  miss  a  meeting  during  the 
time  I  wag  in  the  city.  You  could  not  have  kept  me  away  from  the 
meetings,  unless  I  was  sick,  or  something  of  paramount  importance  had 
occurred.  They  were  attended  generally.  The  papers  were  discussed 
and   very   well   discussed,   frequently   with   slight  passages   of   humor. 
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which  did  not  necessarily  appear  in  the  published  Proceedings  after- 
ward. The  papers  were  thoroughly  appreciated,  and  discussed  in  a 
way  that  I  and  a  great  manj'  of  my  friends  enjoyed  to  a  very  great 
ext<>nt,  and  in  attempting  to  attend  the  meetings  recently  I  noticed 
that,  while  the  Society  has  grown  greater,  the  interest  seemed  to  be  less. 
There  is  another  point  that  I  would  like  to  refer  to.  A  young  man 
whom  I  have  been  acquainted  with  for  several  years,  who  is  a  very 
keen,  brainy  fellow,  deeply  interested  in  his  work,  and  joined  the 
Society  with  a  great  deal  of  enthusiasm,  has  actually  resigned  during 
the  last  year,  because  he  came  up  here,  and  the  meetings  did  not  inter- 
est him,  and  he  did  not  see  anything  to  come  for.  He  told  me,  not 
three  days  ago,  that  if  anything  on  earth  could  be  done  to  bring 
about  interest  in  these  meetings,  he  would  apply  for  re-admittance 
immediately. 

W.  J.  Boucher,  Assoc.  M.  Am.  Soc.  C.  E.^ — I  agree  with  Mr.  Clarke 
that  the  meetings  are  fairly  attended,  and  there  is  a  spirit  of  listlessness 
in  the  proceedings.  Naturally,  the  experience  and  interest  which  the 
author  would  have  if  he  were  here  to  present  it,  is  not  present  when  he 
is  not  here.  I  have  noticed  lately  that,  for  the  most  part,  the  authors, 
unfortunately,  have  been  from  beyond  the  Mississippi  River,  which 
makes  it  more  or  less  difficult  for  them  to  attend ;  but  the  papers  were  of 
great  value  and  great  interest. 

I  am  not  in  favor  of  abolishing  the  reading  of  the  papers.  What 
we  want  is  more  discussion,  but,  unfortunately,  it  would  appear  that 
the  membership  is  afraid  to  discuss  the  papers  or  afraid  to  criticise 
them  in  any  way. 

In  one  paper,  recently,  the  author  asked  that  there  be  a  free 
and  liberal  discussion  of  his  subject,  which  was  not  very  often  treated 
in  the  engineering  press.  I  told  a  little  of  what  I  had  seen  and  heard, 
which  was  not  much,  but  I  was  "the  only  one  of  probably  a  hundred 
who  rose  to  discuss  the  question.     We  want  more  discussion. 

In  a  certain  club  in  New  York  City,  devoted  to  railroad  interests 
particularly,  I  know  that  preparation  is  made  in  advance  by  calling 
upon  well-known  men  who  can  discuss  the  subject,  and  members  are 
asked  to  come  prepared  to  discuss  it.  Now,  our  Society  is  big 
enough,  and  the  membership  in  this  neighborhood  is  large  enough, 
that  it  seems  to  me  that  those  qualiiied  to  speak,  or  those  connected 
with  that  class  of  work,  might  be  called  upon  to  come  prepared  to 
add  something  to  enhance  the  interest  of  the  papers.  We  are  not  a 
social  organization,  but  an  engineering  organization,  for  the  dissemina- 
tion of  engineering  knowledge. 

T.  C.  Atwooi),  ^r.  Am.  Soc.  C.  E. — 'Mr.  President,  I  wish  to  speak 
ill  favor  of  Mr.  Clarke's  motion.  I  have  attended  the  meetings 
quite  regularly  here  for  the  last  five  or  six  years,  and  it  has  been  in- 
creasingly borne  in  upon  me  that  we  do  not  get  out  of  the  meetings 
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Discussion  on  what  we  should.  It  is  no  uncommon  thing  for  the  paper  on  the 
programme  to  be  read  by  title,  at  the  suggestion  of  the  Secretary,  and 
for  there  to  be  practically  no  discussion,  with  the  result  that  the  meet- 
ing is  all  over  in  a  few  minutes.* 

This  gives  plenty  of  time  for  social  intercourse  afterward,  if  there 
are  sufficient  members  present  to  make  it  enjoyable,  but,  if  the 
programme  of  the  meeting  amounts  to  so  little,  the  attendance  is 
likely  to  be  slim  also.  It  is  true  that  many  of  the  papers  are  long 
and  difficult  to  present  in  an  interesting  manner,  and  that  we  are 
supposed  to  read  the  papers  in  the  Proceedings  and  to  prepare  dis- 
cussions beforehand,  but  there  are  a  great  many  men  who  do  not 
find  time  to  read  the  papers  beforehand,  however  good  their  inten- 
tions may  be. 

I  have  devoted  some  thought  to  this  question,  and  it  seems  to  me 
that  we  might  pursue  an  intermediate  course  which  should  give  more 
satisfactory  results;  that  is,  present  an  abstract  of  the  paper  so  as  to 
have  something  actually  before  the  Society  to  discuss.  As  it  is  now, 
if  the  paper  is  not  read,  there  is  nothing  directly  before  the  meeting, 
and  those  who  have  not  made  preparation  beforehand  cannot  be  ex- 
pected to  discuss  the  paper,  but  if  the  paper  is  presented  to  them  in  a 
brief  and  interesting  form,  many  could  add  some  points  from  their 
experience  which  would  be  illuminating  and  make  the  meetings  of 
greater  interest. 

The  abstract  of  the  paper  should  be  prepared  by  its  a.uthor,  and 
every  inducement  should  be  made  to  have  the  authors  read  their  own 
papers.  If,  for  any  reason,  however,  the  author  fails  to  send  an 
abstract  of  his  paper,  such  an  abstract  should  be  prepared  by  the 
Secretary  and  presented.  Abstracts  of  long  written  discussions  should 
also  be  prepared  and  read.  Whenever  possible,  lantern  slides  should 
be  prepared  to  add  interest  to  the  presentation  of  the  paper,  and  the 
author  should  be  allowed  to  have  these  slides  prepared  at  the  expense 
of  the  Society,  the  only  requirement  made  of  the  author  being  that  he 
furnish  suitable  photographs  or  drawings. 

We  all  realize  this  morning  that  the  acoustic  properties  of  this 
hall  are  very  poor.  Hardly  anything  that  has  been  said  was  audible 
over  more  than  two-thirds  of  the  hall.  This  makes  it  especially  im- 
portant that  in  meetings,  where  the  interest  is  sure  to  flag  when  the 
speaker  cannot  be  heard,  the  papers  be  read  by  some  one  who  not 
only  understands  the  subject  and  is  familiar  with  the  paper,  having 
read  it  a  sufficient  number  of  times  beforehand  to  present  it  to  good 
effect,  but  is  also  endowed  with  a  good  voice  and  can  make  himself 

*  Mr.  Atwood's  attention  was  called  to  the  fact  that  his  original  statement  to  the  Annual 
Meeting  was  not  in  accord  with  the  records,  and  an  opportunity  was  given  him  to  change 
it.  While,  however,  he  has  made  considerable  inoilificafion  in  that  statement,  it  is  still  in  a 
form  which,  >mless  corrected,  woul<i  give  a  false  iini)r(»>sioii  to  members  who  havenotattended 
meetings  during  the  past  five  or  six  years.  A  statement  oi  the  facts  as  to  the  presentation 
of  papers  and  discussions  during  that  period  has  therefore  been  prepared  for  the  informa- 
tion of  the  membership  and  will  be  found  on  page  103.  (Secretary.) 
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heard  all  over  tlie  hall.  The  Society  ia  in  a  prosperous  condition,  and 
we  can  easily  afford  to  hire  some  good  speaker,  who  is  familiar  with 
engineering  work,  to  present  the  papers  or  their  abstracts,  together 
with  the  written  discussions,  so  that  every  one  present  can  hear  und 
enjoy    them. 

I  thoroughly  believe  that  a  more  satisfactory  presentation  of  the 
papers,  both  as  to  quantity  and  method  of  presentation,  will  make  the 
meetings  sufficiently  interesting  to  insure  a  larger  attendance  and  make 
both  the  programme  and  the  social  parts  of  the  evening  worthy  of 
ever>'  man's  attention. 

F.  E.  IIarius,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  ask  to  have 
Afr.  Clarke's  motion  read,  please. 

The  Secretary. — Mr.  Clarke's  motion  was  that  the  President 
appoint  a  committee  of  five  to  investigate  and  report  at  the  regular 
business  meeting  in  March,  1913,  on  the  possibility  of  securing  suitable 
engineering  entertainments  to  take  the  place  of  the  reading  of  the 
formal  papers  for  the  semi-monthly  meetings. 

Mr.  F.  R.  Harris. — Mr.  President,  I  think  that  one  of  the  most 
important  functions  of  a  technical  society  of  this  sort  is  the  technical 
papers,  the  papers  on  engineering,  the  papers  that  are  submitted, 
whether  they  are  printed  or  read.  There  are  probably  two  kinds  of 
papers  that  you  receive,  one  type  of  paper  is  one  of  general  interest, 
one  that  reads  well  and  one  that  brings  a  large  attendance  at  the  meet- 
ings. The  other  type  of  paper  is  probably  more  technical,  more 
special,  and  dryer;  but  it  is  very  often  the  case  that  the  second  type 
of  paper  is  the  more  useful  one  to  the  members  of  the  Profession, 
perhaps  not  at  that  particular  time,  but  later,  when  they  may  want  to 
refer  to  it  and  see  what  has  been  done  on  the  subject.  For  instance, 
I  noticed  in  the  past  year  there  was  a  paper  on  physical  valuation. 
Xow,  I  was  not  here  when  that  paper  was  read,  and  it  must  have 
been  extremely  dry  reading  to  most  of  those  in  attendance,  but  it  was 
an  extremely  useful  and  interesting  type  of  paper.  I  mention  it  be- 
cause it  occurred  to  me  that  if  a  committee — some  auditing  com- 
mittee or  some  committee  who  would  look  over  these  papers — could 
divide  the  papers  into  two  types,  one  paper  for  publication  and  the 
other  paper  that  they  thought  would  be  of  more  interest  and  would 
bring  a  larger  attendance  to  have  it  read. 

Another  thing  is  to  arrange  discussion  by  invitation  in  advance, 
and  that  suggests  the  securing  of  special  papers  by  special  invitation. 

In  connection  with  that  there  are  some  societies,  technical  societies, 
that  offer  inducements  in  the  way  of  presentation  of  papers;  that  is, 
they  pay  for  them,  and  one  of  the  gentlemen  here  to-day  said  that  the 
Society  was  so  well  off,  and  had  so  much  of  a  surplus,  that  it  might 
be  a  very  good  way  to  use  some  of  that  surplus.  It  would  probably 
be  impossible  to  pay  enough  to  warrant  a  man  of  experience  spending 
any  great  amount  of  time  on  it.     I  mean,  you  could  not  pay  for  his 
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time,  but  you   could  at  least  partly  reimburse  him  for  the  expenses 
he  would  be  put  to  in  the  preparation  of  the  paper. 

I  had  the  experience  not  very  long  ago,  in  another  Society,  where 
I  did  not  know  they  paid  for  papers.  After  my  paper  was  published, 
I  received  a  check  for  $40.  It  went  quite  a  way  toward  paying  the 
expense  I  had  been  put  to,  and  was  very  welcome,  and  I  think  tha.t 
would  to  some  extent  induce  more  of  the  members  to  go  to  the  ex- 
pense. I  would  therefore  offer  an  amendment.  Is  this  a  resolution 
or  a  motion? 

The  Secretary. — A  motion. 

Mr.  Y.  E.  Harris. — I  offer  an  amendment  to  it :  Instead  of  the  mo- 
tion as  it  is  written,  that  the  entire  subject  be  referred  to  a  committee 
for  careful  investigation  for  recommendation  and  report.  It  seems  to 
me  that  it  is  entirely  too  large  and  broad  a  question  to  be  handled 
in  this  offhand  manner;  and  I  think  the  proposition — I  may  not  be 
right,  but  it  seems  to  suggest  that  we  do  away  entirely  with  papers 
and  have  engineering  entertainments.  Engineering  entertainments 
is  a  very  broad  term.  I  do  not  suppose  that  we  are  to  have  a  cabaret 
show  or  anything  of  that  sort  here.  It  might  change  the  entire 
character  of  this  Society  from  a  highly  important  professional  society 
to  an  amusement  society,  and  I  do  not  believe  any  of  us  want  that. 
So  I  would  offer  that  as  an  amendment,  that  a  committee  be  appointed  by 
the  President  to  investigate  the  entire  subject  and  report  and  recom- 
mend what  steps — ^by  amendment  to  the  resolution  now  before  this 
Society — what  steps  should  be  taken  in  order  to  secure  more  interest- 
ing papers,  and  to  take  up  the  question  also  of  what  papers  should  be 
read,  what  papers  should  be  merely  published  and  not  read,  and  also 
the  question  of  some  compensation  for  the  publication  of  papers. 

Mr.  G.  S.  Williams. — Mr.  President,  I  am  to  some  degree  in 
harmony  with  the  sentiments  of  the  last  speaker,  but  it  does  not  seem 
to  me  that  we  need  to  increase  the  interest  of  our  papers.  I  think  our 
papers  are  good  enough.  It  is  rather  the  manner  of  the  presentation 
that  is  at  fault.  I  certainly  object  to  anything  like  the  reflection 
that  the  papers  tha.t  are  presented  before  this  Society  are  not  interest- 
ing. They  are  interesting,  the  most  interesting  engineering  reading 
that  you  can  find;  and  it  is  simply  a  matter  of  presentation.  I  would 
move  an  amendment  to  substitute  that  a  committee  of  five  be  appointed 
to  consider  an  improvement  in  the  methods  of  the  presentation  of  papers 
before  this  Society. 

(Motion  duly  seconded.) 

A  Member. — I  move  an  amendment  that  the  whole  matter  be 
referred  to  the  Board  of  Direction. 

Mr.  W.  J.  Boucher. — Mr.  President,  the  Board  of  Direction  proba- 
bly has  enough  to  do  without  this.    A  committee  of  five  can  handle  it. 
The  President. — Will  you  state  that  motion  again,  Mr.  Williams? 
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Mr.  G.  S.  Williams. — That  a  committee  of  five  be  appointed  to 
consider  and  re{)ort  upon  an  improvement  of  the  methods  of  the  presen- 
tation of  pajters  before  this  Society. 

The  Presidknt. — That  you  move  as  a  substitute  motion? 

^fu.  G.  S.  Williams. — I  move  that  as  a  substitute  for  the  original 
motion. 

The  President. — Gentlemen,  you  have  the  motion.  As  many  as  are 
in  favor  of  it  signify  by  saying  "aye";  contrary,  "no".  It  is  so 
ordered. 

The  next   thing  in   order  is  a  letter  from  Percival  M.   Churchill,        Letter 
Assoc.  M.  Am.  Soc.  C.  E.,  asking  that  action  be  taken  to  appoint  a  com-   Markct'mK'  of 
mittee  to  draw  up  a  form  for  establishing  an  exchange  for  the  market-    ^^sel'v'ioes"^ 
ing  of  engineering  services  of  every  sort. 

The  Secretary. — Mr.  Churchill's  letter  is  as  follows: 

"Elmwood,  Mass.,  January  7,  1913. 
"The  Secretary, 

"American  Society  of  Civil  Engineers. 

''220  West  Fifty-seventh  Street,  New  York  City. 
"Dear  Sir. — As  I  do  not  expect  to  be  present,  will  you  kindly  present 
for  me  at  the  Annual  Meeting  the  following: 

"Moved:  That  the  Board  of  Direction  be  instructed  to  confer  with 
the  officers  of  the  Am.  Institute  of  Consulting  Engineers,  the  Am.  Soc. 
of  Mechanical  Engineers,  the  Am.  Institute  of  Electrical  Engineers, 
and  of  any  other  Engineering  Society  it  deems  proper  to  include,  for 
the  purpose  of  ascertaining  if  these  Societies  will  join  with  us  in  ap- 
pointing a  joint  Committee  to  draw  up  a  plan  for  the  establishment 
and  operation  of  an  Exchange  for  the  Marketing  of  Engineering 
Services  of  every  sort.  The  Board  of  Direction  to  be  authorized  and 
instructed  to  appoint  the  Committee  from  this  Society  as  soon  as  any 
of  the  other  Societies  signify  their  willingness  to  join  in  the  work. 

"This  motion  is  now  offered  because  the  time  has  arrived  when 
engineers  as  a  body  can  no  longer  delay  with  dignity  and  in  justice 
to  the  profession  and  to  the  public  the  performance  of  this  important 
duty. 

"What  is  here  proposed  will  develop  far  beyond  the  scope  of  an 
employment  bureau.  It  is  the  handling  in  a  scientific  and  business- 
like manner  the  problem  of  the  proper  supervision  of  the  engineering 
work  of  the  country.  It  is  applying  "Scientific  Management"  to  the 
expenditure  of  the  wealth  of  the  public  by  selecting  competent  men 
to  direct  that  expenditure. 

"Our  present  lack  of  system  is  extremely  wasteful  of  the  engineer- 
ing talent  of  the  countrj%  which  costs  so  much  to  train,  and  wasteful 
of  vast  amounts  of  public  wealth  thro  its  expenditure  being  placed 
in  incompetent  hands.  For  example,  outside  of  the  cities  and  the 
State  work  the  greater  part  of  the  money  spent  in  this  country  on 
highways  is  wasted  thro  incompetent  handling,  while  at  the  same  time 
hundreds  of  engineers  who  could  save  most  of  this  waste  are  idle,  be- 
cause there  is  no  work  for  them.     Cities  and  towns  are  wasting  large 
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amounts  in  construction,  and  later  in  avoidable  repairs  on  water- 
works, sewers,  lighting  plants,  etc.,  because  they  do  not  know  how  to 
select  proper  engineering  supervision,  or  do  not  even  realize  that  en- 
gineering supervision  is  necessary.  Enormous  wealth  has  been  wasted 
thro  needless  litigation  over  water  rights  in  the  West,  which  could 
have  been  almost  entirely  avoided  had  the  engineers  of  this  country 
taken  prompt,  persistent,  combined  action  to  bring  about  a  proper 
settlement  thro  the  education  of  the  public.  And  engineers  as  a  body 
are  responsible  if  this  waste  is  allowed  to  continue,  for  they  have  the 
knowledge  to  work  out  and  the  power  to  put  in  operation  the  remedy. 

"The  proposed  motion  involves  one  of  the  most  important  steps  in 
applying-  the  needed  remedy.  Not  only  should  this  bureau  properly 
distribute  the  available  engineering  talent  to  the  available  work,  but 
it  should  conduct  an  active  progressive  campaign  of  education  among 
State,  City  and  Town  officials,  among  business  firms  and  among  the 
public,  to  demonstrate  what  they  would  gain  by  placing  their  work 
in  the  hands  of  competent  engineers.  It  would  teach  these  parties  that 
it  would  provide  the  proper  talent  for  any  kind  of  engineering  work, 
and  also  what  is  a  fair  and  proper  compensation  for  this  service.  It 
should  and  could  raise  the  public  estimate  of  the  engineer  to  a  point 
where  the  public  engineering  work  would  be  trusted  to  him  rather  than 
to  lawyers,  merchants,  and  barbers,  as  is  the  case  at  present.  It  would 
undoubtedly  to  a  considerable  extent  check  the  present  threatened 
absorption  of  the  cream  of  the  engineering  work  by  a  few  large  en- 
gineering corporations. 

"The  Committee  of  this  Society  which  was  appointed  to  investigate 

engineering  conditions  will  furnish  valuable  data  with  which  to  work 

out  the  details  of  this  plan.     The  need  for  its  establishment  is  here, 

and  this  motion  is  the  first  step  toward  its  accomplishment.     Let  us 

take  it  now.  ,._,  .  ^^ 

Kespectiully, 

"Percival  M.  Churchill." 
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A  Member. — I  move  that  the  matter  be  referred  to  the  Board  of 
Direction. 

(Motion  duly  seconded.) 

The  President. — You  have  heard  the  motion,  gentlemen.  As  many 
as  favor  that  signify  by  saying  "aye";  contrary,  "no".    It  is  so  ordered. 

The  Secretary. — I  have  still  another  letter  from  Mr.  Churchill 
dated  a  day  later. 

"Elmwood,  Mass.,  January  8,  1913. 
"The  Secretary, 

"American  Society  of  Civil  Engineers, 

"220  West  Fifty-seventh  Street,  New  York  City. 

"Dear  Sir. — Several  of  the  large  engineering  societies  have  recently 
adopted  Codes  of  Ethics.  The  Am.  Soc.  of  M.  E.  has  a  Code  under 
consideration  now  which  is  the  result  of  a  study  of  those  of  the  other 
Societies  and  which  was  drawn  up  with  the  idea  of  its  being  applica- 
ble to  engineers  generally.  Two  out  of  the  five  members  of  the  Com- 
mittee which  had  this  matter  in  charge  are  also  Members  of  this 
Society. 
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"Under  these  circumstances  it  would  seem  proper  to  consider  the 
adoption  of  this  Code  as  it  stands  without  the  formality  of  submitting 
it  to  a  Committee  of  this  Society.  I  therefore  wish  to  make  the  fol- 
lowing motion : 

"Moved:  That  this  Society  shall  consider  the  adoption  of  the  Code 
of  Ethics  for  Engineers  recently  proposed  by  a  Committee  of  the 
American  Society  of  ]\rechanical  Engineers  and  published  in  Engineer- 
ing News,  January  2,  1913. 

"That  the  projiosed  Code  be  printed  as  a  letter  ballot  and  sub- 
mitted to  the  members  of  this  Society  with  the  request  that  each  mem- 
ber vote  to  accept  or  reject  the  Code  article  by  article;  that  where  a 
member  so  desires  he  shall — after  voting  against  a  certain  article — 
submit  a  substitute  in  the  form  he  desires  that  article  to  take.  In 
the  same  manner  additions  may  be  presented. 

"This  ballot  to  be  closed  on  April  1st,  1913. 

"The  Board  of  Direction  shall  then  send  out  a  second  letter  ballot 
giving  the  Code  as  first  proposed  and  also  any  suggested  changes  and 
additions.  INIembers  shall  again  vote  article  by  article.  The  ballots 
to  be  opened  at  the  next  Annual  Convention  and  any  article  having 
a  majority  of  the  votes  cast  shall  be  declared  adopted. 

"The  Code  as  thus  adopted  to  be  then  printed  in  the  Proceedings 
and  the  Transactions  of  the  Society. 

"Respectfully  submitted, 

"Percival  M.  Churchill,  Assoc.  Member." 

The  PREsn)ENT. — What  is  your  pleasure? 

Mr.  G.  S.  Williams. — I  move  that  the  motion  be  referred  to 
the  Board  of  Direction. 

(Motion  duly  seconded.) 

The  President. — Gentlemen,  you  have  heard  the  motion.  All  in 
favor  of  it  signify  by  saying  "aye";  contrary,  "no".     It  is  so  ordered. 

The  next  thing  in  order  is  the  matter  of  the  International  Engineer-      Propos^ed 

in-'    Conn-re':'  international 

INTERNATIONAL  ENQINEERINQ  CONGRESS— 1915. 

For  the  information  of  the  membership  of  the  Society,  the  Secretary 
begs  leave  to  report  as  follows : 

That  early  in  1912  engineers  belonging  to  this  and  other  National 
organizations  resident  on  the  Pacific  Coast,  suggested  the  holding 
of  a  National  Engineering  Congress  in  San  Francisco  in  1915,  during, 
and  in  connection  with,  the  Panama-Pacific  Exposition.  A  plan  for 
the  organization  of  this  Congress  which  provided  that  each  of  the 
Societies  should  separately  undertake  the  work  of  the  Congress  in  its 
special  line  of  engineering  was  presented,  and  this  Society  was  asked 
to  undertake  the  carrying  out  of  that  part  of  the  Congress  relating  to 
"Civil  Engineering. 

,     At   the  request   of  the   Board   of   Direction,   the    Secretary  visited 
San  Francisco  in  February  and  March,  1912,  and  conferred  with  mem- 
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bers  of  this  Society,  and  of  the  other  Societies  there,  with  the  result 
that  the  plan  of  organization  was  entirely  changed  to  the  following: 

The  whole  scheme  was  to  be  underwritten  as  follows: 

To  the  amount  of  $10  000  at  least,  by  subscription  on  the  Pacific 
Coast,  and  each  of  the  five  National  Societies  to  underwrite  the  scheme 
for  the  following  amounts :  American  Society  of  Civil  Engineers, 
$9  000;  American  Institute  of  Electrical  Engineers,  $9  000;  American 
Society  of  Mechanical  Engineers,  $5  000;  American  Institute  of  Min- 
ing Engineers,  $5  000;  and  the  Society  of  Naval  Architects  and  Marine- 
Engineers,    $2  000. 

This  would  make  up  a  total  Guarantee  Eund  of  $40  000,  which  it 
was  believed  would  be  more  than  ample  to  defray  any  extra,  expenses. 

All  of  the  Societies  above  mentioned  have,  at  the  present  time,  agreed 
to  underwrite  the  amount  specified,  except  the  American  Institute  of 
Electrical  Engineers.  That  Society,  having  already  agreed  to  conduct 
an  Electrical  Congress,  did  not  feel  that  it  could  do  quite  so  much 
for  the  project,  but  readily  agreed  to  furnish  $3  500. 

The  $10  000  from  the  Pacific  Coast  has  already  been  subscribed, 
and  we  are  informed  that  this  Fund  can  probably  be  increased  with- 
out difiiculty  to  $5  000  more,  so  that  there  is  no  question  that  the- 
financial  backing  of  the  proposed  Congress  is  assured. 

The  general  idea  of  the  Congress  is  that  its  organization  and  entire 
management  shall  be  in  the  hands  of  a  General  Committee,  in  which 
each  of  the  five  Societies  imdertaking  the  Congress  shall  have  an  equal 
representation,  namely,  six  members  each  (except  the  American  Insti- 
tute of  Electrical  Engineers,  which  will  have  four),  making  a  total 
Committee  of  twenty-eight  members;  that  two  of  the  members  repre- 
senting each  Society  shall  be,  ex-officio,  its  President  and  Secretary,, 
and  that  the  other  four  members  shall  be  selected  from  the  active  mem- 
bership of  each  Society  resident  in  or  near  San  Francisco. 

The  resulting  publications  are  to  be  issued  as  a  whole,  and  for- 
warded to  each  engineer  who  becomes  a  member  of  the  Congress;  and 
all  American,  as  well  as  Foreign  Engineers,  are  to  be  invited  to  join 
the  Congress  upon  payment  of  a  small  sum  sufiicient  to  cover  the  cost 
of  the  issue  to  them  of  all  of  the  papers  and  discussions  received. 

It  appears  at  the  present  time  that  the  holding  of  this  Congress- 
is  assured. 

The  President. — Any  new  business? 

Mr.  H.  M.  Wilson. — Mr.  President,  I  have  a  matter  of  old  busi- 
ness that  I  would  like  to  bring  up  at  this  festive  hour  of  noon,  and 
I  do  it  with  some  hesitancy.  I  was  asked  by  several  men,  immediately 
upon  my  entrance  to  the  building  this  morning,  as  to  what  action  had 
been  taken  by  the  Board  in  the  matter  of  our  arranging  to  lunch 
somewhere;  and  I  ask  as  a  matter  of  information,  because  I  have  not 
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heard  of  any  action  of  the  Board.  What  action  was  taken  in  connec- 
tion with  the  recomnuMidation  last  year  that  the  Board  consider  the 
matter  of  arranging-  for  luncheon? 

TiiK  Secretary. — Mr.  President,  the  resolution  adopted  at  the  last 
meeting  was  considered  hy  the  Board  of  Direction,  and  the  Board 
decided — I  have  not  the  Board's  minutes  here,  unfortunately,  or  I 
would  give  the  exact  wording — that  it  was  not  advisable  to  undertake 
the  serving  of  a  lunch  here  in  this  building  at  the  time  of  this  meeting. 

Mr.  H.  M.  Wilsox. — Was  the  reason  assigned  the  inadequacy  of 
the  accommodations  here? 

The  Secret.\ry. — That  is  what  it  is. 

Mr.  H.  M.  Wilsox. — Mr.  President,  I  move  that  the  Board  of 
Direction  be,  and  hereby  is,  authorized  to  consider  plans  for  increasing 
the  capacity  of  the  Society  House,  so  that  it  may  accommodate  the 
members   at   annual   and   other  meetings. 

The  President. — Is  there  a  seconder  to  that  motion? 

Mr.  T.  C.  Atwood. — I  second  the  motion.  It  stands  now  ready  for 
discussion.  I  move  to  amend  that  motion,  Mr.  President,  by  request- 
ing the  Board  of  Direction  to  secure  suitable  accommodations  for  the 
Annual  JMeeting,  either  by  increasing  the  accommodations  in  this 
building  or  securing  suitable  temporary  accommodations  elsewhere. 
It  does  not  seem  that  it  will  be  absolutely  necessary  perhaps  to  in- 
crease this  building  at  large  cost,  simply  for  one  meeting  in  the  year. 

The  Presidext. — Mr.  Wilson,  will  you  please  state  your  motion? 

Mr.  H.  M.  Wilson. — That  the  Board  of  Direction  be,  and  is  hereby, 
authorized  to  consider  plans — that  does  not  necessarily  mean  build- 
ing plans — for  increasing  the  capacity  of  the  Society  House  to  better 
accommodate  the  membership  at  Annual  Meetings  and  other  meetings ; 
and  I  think  such  an  amendment,  or  any  other  plan  that  would  meet 
this  purpose,  which  would  better  accommodate  the  members  at  the 
Annual  ^Meetings  would  be  wise. 

The   President.— There    does    not    seem    to   be    any   objection    to 

having  the  Board  of  Direction  consider  that  matter.     As  many  as 

favor  that  motion  signify  by  saying  "aye";  contrary,  "no".     The  ayes 

seem  to  have  it;  the  ayes  have  it. 

H   II    OuniBY,  M.  Am.  Soc.  C.  E. — Mr.  President,  I  would  like  to    Acoustics  of 
,  .   ,    ,  ,  •    ,.  -IT  ^     £      Auditorium, 

bring  up  an  old  matter,  which  has  never  been  satisfactorily  disposed  ot. 

I  think  it  is  a  reproach  to  a  Society  so  scientific  as  ours  is,  and  which 
has  such  a  surplus  of  revenue  as  ours  seems  to  have,  that  it  continue 
to  maintain  an  auditorium  with  such  uncommonly  poor  acoustic 
properties  as  this  room  has. 

I  remember  the  very  first  meeting  we  had  in  this  room;  it  was  not 
as  large  as  this.  It  was  very  soon  perceived  that  members  were  chang- 
ing their  seats  to  hear  what  was  being  said  by  the  different  members, 
and  attention  was  called  to  the  matter,  and  somebody  asked  whether 
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Acoustics  of 
Auditorium 
(continiifd). 


Ballot  for 
Officers. 


something  could  not  be  done  to  improve  these  acoustic  defects.  Some 
member  suggested  that  wire  might  be  hung  across  the  room,  and 
some  man  misunderstood  the  meaning  of  the  suggestion  and  approved 
it  on  the  theory  that  it  was  a  motion  to  hang  the  architect. 

To-day  I  noticed  that  a  speaker  in  the  rear  of  the  room  was  speak- 
ing while  the  President  was,  and  apparently  neither  realized  that  the 
other  was  speaking.  Clearly,  Mr.  Clarke  did  not  realize  that  the 
President  was  speaking  at  the  same  time. 

Now,  I  move  that  the  Board  of  Direction  be  requested  by  this 
meeting  to  employ  the  best  talent  that  is  available  and  do  something 
to  make  it  more  sa.tisfactory  to  the  hearers  in  this  room  and  to  the 
speakers  also. 

(Motion  duly  seconded.) 

The  President. — Gentlemen,  you  have  heard  the  motion  that  the 
Board  of  Direction  be  authorized  to  employ  an  expert  to  consider  the 
matter  of  improving  the  acoustics  of  this  hall.  As  many  as  are  in  favor 
of  that  signify  by  saying  ''aye";  contrary,  "no".     It  is  carried. 

The  next  in  order  is  the  announcement  of  the  result  of  the  ballot, 
the  report  of  the  tellers  to  canvass  ballots  for  officers. 

The  Secretary. — The  tellers  report  as  follows : 

For  President: 

George  F.  Swain 1  724 

Scattering    11 

For  Vice-Presidents : 

J.  Waldo  Smith 1  713 

Charles  H.  Bust 1  716- 

Scattering    12 

For  Treasurer: 

John  F.  Wallack 1  721 

Scattering    0 

For  Directors : 

I  Henry  W.  Hodge 1  G74 

District  No.  1.  \  James  H.  Edwards 1  66G 

'           Scattering    7 

4  Leonard  Metcalf 1  CG9' 

District  No.  2.  \          Scattering    8 

(  Henry  E.  Leonard 1  662 

District  No.  4.  -j  Scattering    10 

.  I  Edward  H.   Connor 1  668 

District  No.  5.  -j  Scattering    & 

.  1  Samuel   H.   Hedges 1668 

District  No.   ..  Scattering    8 
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TiiK  President. — The  report  read  by  your  Secretary  shows  that  by 
your  ballot  you  have  elected  George  F.  Swain  as  President,  J.  Waldo 
Smith  and  Charles  H.  Rust  as  Vice-Presidents,  and  Jolin  F.  Wallace 
as  Treasurer. 

Directors  for  District  No.  1,  ITcnry  W.  Hodge  and  James  H. 
Edwards. 

District  No.  2,  Leonard    Metcalf. 

District  No.  4,  Henry  R.  Leonard. 

District  No.  5,  Edward   H.    Connor. 

District  No.  7,  Samuel  H.  Hedges. 

I  would  ask  Mr.  Stearns  and  Mr.  Noble  to  escort  the  President-elect 
to  the  platform. 

PrivSIDent  George  F.  Swain. — Fellow  members  of  the  American 
Society  of  Civil  -Engineers :  I  have  no  words  to  express  adequately 
my  appreciation  of  the  great  honor  which  you  have  done  me  in  electing 
me  to  this  office.  I  esteem  it  as  the  greatest  honor  that  could  come  to 
an  engineer  in  this  country.  As  I  recall  the  long  roll  of  distinguished 
men  who  have  occupied  the  position  in  the  past,  and  as  I  look  about 
me  and  see  how  many  more  there  are  equally  distinguished,  who  are 
eminently  worthy  of  it,  I  am  at  a  loss  to  understand  really  how  it  has 
happened,  and  it  is  beyond  my  powers  of  analysis  to  figure  it  out. 

Of  one  thing,  however,  I  feel  very  sure,  and  that  is  that  there  is 
no  member  of  this  Society  who  has  a  higher  ideal  than  I  of  the  work 
of  the  engineer  or  of  its  value  and  consequence.  I  believe  that  the 
engineer,  more  than  any  other  man,  is  the  real  civilizer  of  the  world. 
It  has  always  seemed  to  me  that  advances  in  civilization  depended 
upon  progress  in  material  ways  rather  than  upon  advances  in  moral 
ideas. 

The  moral  principles  which  should  guide  a  man  in  the  world 
were  formulated  certainly  nineteen  centuries  ago,  and  may  be  found 
expressed  in  the  writings  of  the  old  moralists  in  as  complete  a  form 
as  in  any  modern  treatise ;  but  in  those  days,  of  course,  those  principles 
were  accepted  and  adhered  to  by  few;  and  cities  were  arrayed  against 
cities  in  warfare,  tribe  against  tribe,  and  clan  against  clan;  but  the 
man  who  perfects  a  new  system  of  transportation,  or  a  new  motive 
power,  or  a  new  means  of  abridging  space  and  time,  the  man  who 
harnesses  the  waterfall  or  the  power  of  the  sun's  heat,  which  has  been 
stored  in  the  past,  and  makes  those  forces  available  in  the  manu- 
facture of  articles  which  conduce  to  the  comfort  of  mankind,  and 
which  are  needed  in  the  distant  countries  to  which  they  can  be  easily 
transported,  or  the  man  who  by  improving  sanitary  conditions  con- 
serves the  life  of  the  community — such  a  man,  it  seems  to  me,  is 
doing  a  work  which  is  really  making  the  whole  world  akin,  and  conduc- 
ing to  a  broader  sympathy  and  the  universal  brotherhood  of  man;  and 
therefore  laying  the  foundations  .for  advance  in  civilization  and  for 
true  moral  progress. 


Officers 
PMected. 
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Adjourned. 


Holding  this  in  view,  you  can  perhaps  understand  how  deeply  I 
esteem  the  honor  of  being  President  of  what  I  hold  to  be  the  chief 
engineering  society  of  this  country,  certainly  the  oldest. 

I  also  thank  you  gentlemen  because  this  act  of  yours  is  probably 
largely,  if  not  mostly,  due  to  a  recognition  of  a  branch  of  the  Profes- 
sion which  has  not  hitherto  been  recognized  in  this  way  at  your 
hands — a  branch  to  which  a  large  part,  although  not  the  largest  part, 
of  my  life  has  been  devoted,  and  that  is  the  Profession  of  the  engi- 
neering teacher.  If  we  believe  in  the  high  mission  of  the  engineer, 
we  must  necessarily  believe  that  he  must  have  the  highest  and  best 
training  which  is  possible — not  that  such  training  and  education  are 
always  most  evident  in  the  schools — far  be  it  from  us  to  maintain  that 
attitude.  We  have  too  many  shining  examples  to  the  contrary  to 
hold  it;  but,  however  or  wherever  such  education  is  obtained,  we  must, 
as  a  Society,  hold  that  the  engineer  should  endeavor  to  get  the  highest 
and  best  that  there  is. 

I  thank  you,  therefore,  for  your  recognition  of  this  fact.  In  assum- 
ing office,  gentlemen,  I  do  so,  not  only  with  a  high  sense  of  the  honor 
which  you  have  conferred  upon  me,  but  also  with  a  high  sense  of  the 
responsibilities.  Promises  are  easily  made  and  easily  broken,  and  all 
I  can  say  is  that  as  far  as  in  me  lies,  and  to  the  best  of  my  ability, 
I  will  aim  to  promote  the  highest  ideal  of  the  Profession  and  to 
maintain  the  high  standard  which  this  Society  has  always  maintained. 
I  thanlv  you,  gentlemen. 

The  only  duty  which  remains  for  me  to  perform  at  this  time,  I  am 
informed,  is  to  state  that  there  will  be  a  meeting  of  the  Board  of 
Direction,  downstairs  in  the  Secretary's  office,  immediately  upon  the 
adjournment  of  this  meeting. 

A  Member. — I  move  to  adjourn. 

(Motion   duly   seconded.) 

The  President.— It  is  moved  and  seconded  that  we  adjourn.  All 
in  favor  say  ''aye";  contrary,  "no".     It  is  a  vote. 
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Data  Relating  to  the  Presentation  of  Papers  and  Discussions  at  Ordinary 

Meetings  of  tlie  Society  for  the  Six  Years,  1907  to  191a,  inclusive.* 

During  1907  :    12  Papers  were  presented  by  Author  (or  liis  substitute), 
8        "        were  read  by  Secretary, 

30  Papers,  none  of  which  was  presented  "  by  title," 

40  Written  discussions  were  read  by  Secretary, 

10       "  "  "      not  read,  first   on   account    of   lack    of   time ; 

second,  too  mathematical  to  read, 
(JO  Members  discussed  orally. 
There  was  no  meetine:  during  1907  at  which  a  paper  was  not  read— and  no  meeting  at 
which  either  oral  or  writieii  discussion  was  not  presented. 
During  190S  :     11  Papers  were  presented  by  Author, 

6  ■•  '■    read  by  Secretary, 

1  Topical  Discussion  opened  by  a  Member, 

1  Address  by  a  Member, 

19  Papers,  none  of  which  was  presented  "by  title," 

15  Written  discussions  read  by  Secretary, 

7  "  "  presented  "  by  title,"  on  account  of  lack  of  time, 
74  Oral  discussions. 

There  was  no  meeting  during  1908  at  which  a  paper  was  not  read— and  no  meeting  at 
which  either  oral  or  written  discussion  was  not  presented. 
During  1909  :    18  Papers  presented  by  Author  (or  his  substitute), 

7  "       read  by  Secretary, 

4  "       presented '-by  title," 

29  Papers,  only  4  of  which  were  presented  "by  title," 

36  Written  discussions  read  by  Secretary, 

69  Oral  discussions. 
There  was  no  meetini;  during  1909  at  which  a  paper  was  not  read — and  no  meeting  at 
which  either  oral  or  written  discussion  was  not  presented. 
During  1910 :    15  Papers  presented  by  Author  (or  his  substitute), 

8  "       read  by  Secretary, 

5  "       presented  "  by  title," 

28  Papers,  only  5  of  which  were  presented  "  by  title," 
23  Written  discussions  read  by  Secretary, 

16  '•  "  presented  "  by  title,"  all  on  account  of  lack  of  time. 

54  Oral  discussions. 

There  was  no  meeting  durins  1910  at  which  a  paper  was  not  read — and  no  meeting  at 
which  either  oral  or  written  discussion  was  not  presented. 
During  1911  :      9  Papers  were  presented  by  Author  (or  his  substitute), 
12       "      read  by  Secretary, 

4  "      presented  ''by  title," 

25  Papers,  only  4  of  which  were  presented  "by  title," 

55  Written  discussions  read  by  Secretary, 

5  "  "  presented  "  by  title,"  all  on  account  of  lack  of  time, 
57  Oral  discussions. 

There  was  no  meeting  during  1911  at  which  a  paper  was  not  read— and  no  meeting  at 
which  either  oral  or  written  discussion  was  not  presented. 
During  1912  :      9  Papers  presented  by  Author, 

9  "      read  by  Secretary, 

7       "      presented  "by  title"  only, 

25  Papers,  7  of  which  were  presented  "by  title," 
40  Written  discussions  read  by  Secretary, 

2  "  "  presented  "by  title,"  on  account  of  lack  of  time, 
82  Oral  discussions. 

During  1912  there  were  two  meetings  at  which  papers  were  not  read,  but  there  was 
good  reason  for  this.  At  one  of  these  the  paper  was  a  very  long  one.  and  there  was  some 
written  discussion  and  considerable  oral  discussion.  At  the  other  meeting,  there  were  two 
papers,  one  of  which  contained  a  great  deal  ot  tabular  matter,  and  there  were  four  written 
discussions  read  by  the  Secretary,  as  well  as  a  great  deal  of  oral  discussion. 


It  will  be  seen  from  the  above  that  during  the  six  years  covered  by  this  statement,  146 
papers  were  presented  ;  74  of  these  were  presented  by  the  author  or  by  his  representative;  50 
were  read  in  whole  or  in  part  by  the  Secretary,  one  introdiicpd  a  topical  discussion  and  one 
was  a  special  address  by  a  member.    There  were  only  JO  pjiiieis  presented  "  by  title." 

Lantern  slides  were  used  to  illustrate  53  of  the  140  papers  mentioned  above. 

During  the  six  years  there  were  only  two  meetings  at  which  papers  were  not  read,  and 
the  reason  for  this  is  clearly  shown  above. 


•  See  reference  on  page  92. 
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EXCLRSIONS  AND  ENTERTAINMENTS 
AT    THE    SIXTIETH    ANNUAL    .MEETING. 

Wednesday.  January  15th.  1013.— In  the  afternoon,  through  the 
kindness  01  George  W.  Kinredge.  M.  Am.  Soc.  C.  E.,  Chief  Engi- 
neer of  the  Xew  York  Central  and  Hudson  Eiver  Railroad,  and  G.  A. 
Harwood,  Chief  Engineer  of  the  Electric  Zone  Improvements,  a  large 
party  was  enabled  to  inspect  the  Grand  Central  Terminal  Improve- 
ments. About  300  members  and  guests  assembled  at  f?.30  p.  M.  at 
the  temporary  concourse  of  the  Grand  Central  Palace,  where  they 
were  met  by  representatives  of  the  Engineering  Department,  under 
whose  guidance  many  small  parties  inspected  the  Suburban  Level, 
the  Trucking  Subways,  Pipe  Galleries,  Service  Plant  for  Light  and 
Heat,  Shops,  Station  Building,  and  many  of  the  minor  details  of  this 
extensive  improvement. 

At  9  p.  M.  there  was  a  Reception,  with  dancing,  in  the  Society 
House,  at  which  there  were  present  400  members  and  about.  300  ladies 
and  other  guests.     Supper  was  served  during  the  evening. 

Thursday,  January  i6tb,  1913-— By  invitation  of  the  Contractor. 
H.  S.  Kerbaagh.  Inc..  the  members  of  the  Society  and  their  guests 
made  an  excursion  to  the  Kensico  Dam.  one  of  the  important  features 
of  the  new  Catskill  water  supply  for  Xew  York  City.  The  party 
(of  about  600)  was  conveyed  to  Valhalla,  near  the  site  of  the  dam, 
in  a  special  train  which  left  the  Grand  Central  Station  at  10.15  a.  m. 

The  dam  crosses  the  valley  of  the  Bronx  River,  about  three  miles 
north  of  White  Plains,  and  will  form  a  storage  and  distributing  reser- 
voir for  the  water  impounded  in  the  Catskills.  The  total  capacity 
of  the  reservoir  will  be  about  38  billion  gallons,  equivalent  to  a  continu- 
ous supply  for  Xew  York  City  for  about  50  days  at  600  million  gallons 
daily.  The  maximum  depth  of  water  behind  the  dam  will  be  155  ft., 
and  at  the  normal  flow  line  elevation,  355  ft.  above  mean  sea  level, 
the  reservoir  will  cover  2  21S  acres.  The  total  area  acquired  by  the 
city — 1  5C»C»  acres — ^provides  a  marginal  protective  strip  averaging  500  ft. 
wide  around  the  entire  flow  line. 

The  Kensico  Dam  will  be  a  gravity  structure  of  cyelopean  masonry, 
1  S43  ft.  long,  with  a  maximum  height  of  about  300  ft.  It  will  be  more 
than  170  ft.  high  for  1  000  ft.  of  its  length.  Its  top  width  under  the 
coping  will  be  28  ft.,  and  the  width  of  the  base  of  the  maximum  section 
wiU  be  more  than  250  ft.  It  will  contain  about  1000  000  cu.  yd.  of 
masonry.  The  up-stream  face  will  be  of  concrete  blocks,  and  the  down- 
stream f ac-e  of  w  The  entire  dam  will  be  divided  into  sections  by 
transverse  expa.       .         iits  about  79  ft.  apart  longitudinally. 

After  iQSi)ecting  the  excavation  for  the  dam  (about  50%  completed) 
and    part    of   the    Contractor's    plant,    the    party   was    entertained    at 
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luncheon  as  the  guests  of  the  Contractor.  After  luncheon  a  visit 
was  marie  to  the  quarrj'  and  the  stone-crushing  plant. 

The  party  left  Valhalla  on  the  special  train  at  4.30  P.  M.  and  arrived 
at  the  Grand  Central  Station  at  5.30  p.  m. 

In  the  evening,  at  the  Society  House,  there  was  an  informal 
"Smoker"  at  which  800  members  and  guests  were  present. 

The  following  list  contains  the  names  of  815  members  who  registered 
during  the  Annual  Meeting.  The  list  is  not  complete,  however,  as 
many  members  failed  to  register,  and  it  does  not  contain  the  names 
of  any  of  the  guests  of  the  Society  or  of  individual  members.  It  is 
estimated  that  there  was  an  attendance  of  400  ladies  and  other  guests, 
making  the  total  attendance  at  the  Annual  Meeting  more  than  1  200. 

Abbott,  C.  P..  .White  Plains,  X.Y.   Baldwin,  T.  A Boston,  Mass. 

Adams,  E.  G.,  Jr. .  .Waverly,  N.  Y.   Baldwin,  W.  J Brooklyn,  X.  Y. 

Affelder,  L.  J Pittsburgh.  Pa.   Bamford,  W.  B Belmar,  X.  J. 

Aiken,  W.  A Philadelphia,  Pa.  Banks,  C.  W.  .Pleasantville,  X.  Y. 

Aims,  W.  I Xew  York  City  Barker,  C.  W.  T.  .Philadelphia,  Pa. 

Akerly,  H.  E Kochester,  X.  Y.   Barker,  J.  M Boston,  Mass. 

Alexander,  H.  J.,  Barnes,  M.  G Albany,  X.  Y. 

White  Plains,  X.  Y.   Barnes,  W.  T Chicago,  HI. 

Allaire,  D.  A Brooklyn,  X.  Y.   Barnett,   Pt.   P Xew  York  City 

Allen,  C.  Frank Boston,  Mass.  Barney,  P.  C Brooklyn,  X.  Y. 

Allen,  C.  M Worcester,  Mass.  Barney,  W.  J Xew  York  City 

Allen,  C.  E.,  Jr.,  Barrett,  E.  E Boston,  Mass. 

Saratoga  Springs,  X.  Y.   Bascome,  W.  E.  . .  .Xew  York  City 
Allen,  E.  Y.  .South  Orange,  N.  J.  Basinger,  J.  G.Eore^t  HilLs,  X.  Y. 

Alien,  Kenneth.  .  .Xew  York  City  Bates,  Onward Chicago,  HI. 

Allen,  Walter  Hinds,  Bayley,  C.  A.  D.  . .  :Montclair,  X.  J. 

Brooklyn,  X.  Y.  Beach,  W.  X Xew  York  City 

Anmiann,  O.  H.  .Philadelphia,  Pa.   Beaty,  E.  E Xew  York  City 

Appleton,  T.  A Beverly,  Mass.   Becker,  E.  J.  .  .Schenectady,  X.  Y. 

Archer,  A.  E.  . .  .Philadelphia,  Pa.  Becker,  E.  C X'ew  York  City 

Armstrong,  G.  S.,  Jr.,  Beebe,  J.  C Butte,  Mont. 

Whitinsville,  Mass.  Beekman,  J.  V..  Jr.  .Boston,  Mass. 

Armstrong,  E.  W.  .Xew  York  City  Bellows,  O.  F Eochester,  X'.  Y. 

Arnold,  W.  H Xew  York  City  BeUows,  S.  E Xew  York  City 

Ashbaugh,  L.  E.  . .  .Xew  York  City  Belzner,  Theodore.  .Xew  York  City 

Atwood,  T.  C Yonkers,  X.  Y.   Bennett,  W.  B.  . .  .Harrisburg,  Pa. 

Auryansen,  F Jamaica,  X.  Y.   Bensel,  J.  A Albany,  X.  Y. 

Bentley.  J.  C. .  .Watervliet,  X.  Y. 

Babcock,  W.  S Xew  York  City  Berger,  Bernt Xew  York  City 

Baird,  H.  C Xew  York  City  Berger,  John Xew  York  City 

Baker,  Ira  O Urbana,  HI.   Beswick,  J.   E., 

Baldwin,  F.  H Bayonne.  X.  J.  Tompkinsville,  X.  Y. 
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Bettes,  C.  R., 

Far  Rockaway,  N.  Y. 

Bevaii,  L.  J New  York  City 

Blair,  C.  M.  ..  .New  Haven.  Conn. 
Blakeley,  G.  H., 

South  Bethlehem,  Pa. 
Blakeslee,  C.New  Haven,  Conn. 
Blakeslee,  H.  L., 

New  Haven,  Conn. 
Blanchard,  A.  H.  .  .New  York  City 

Blatt,  Max New  York  City 

Boardman,  H.   S Orono,  Me. 

Bogert,  C.  L New  York  City 

Boiler,  A.  P.,  Jr., 

East  Orange,  N.  J. 

Booth,  G.  W New  York  City 

Boright,  W.  P Chatham,  N.  Y. 

Boucher,  W.  J.  ..  .New  York  City 
Boughton,  W.  H., 

Poughkeepsie,  N.  Y. 

Bowers,  George Lowell,  Mass. 

Bowman,  A.  L.  . .  .New  York  City 
Bowman,  D.   W.  .Phcenixville,  Pa. 

Boyd,  R.  W New  York  City 

Brace,  J.  H., 

Shelburne  Falls,  Mass. 
Brackett,  Dexter.  ..  .Boston,  Mass. 

Bradley,  F.  E New  York  City 

Brainard,  A.  S., 

East  Hartford,  Conn. 
Brainard,  Owen. .  .  .New  York  City 
Bramwell,  G.  W.  .  .New  York  City 

Breitzke,  C.  F New  York  City 

Breuchaud,  Jules.  ..New  York  City 
Breuchaud,  J.  R.  .  .New  York  City 
Brewer,  Bertram.  .Waltham,  Mass. 

Briggs,  W.  C Brooklyn,  N.  Y. 

Brink,  L.   C New  York  City 

Brodie,  O.  L., 

West  New  Brighton,  N.  Y. 
Brooks,  Frederick.  .  .Boston,  Mass. 

Brooks,  J.  P Potsdam,  N.  Y. 

Brown,  B.  S Boston,  Mass. 

Brown,  D.  H Alpine,  N.  J. 

Brown,  R.  H New  York  City 


Brown,  S.  P., 

Montreal,  Que.,  Canada 

Brown,   T.   E New  York  City 

Bruning,  H.  D.  . .  .Columbus,  Ohio 

Brush,  W.  W Brooklyn,  N.  Y. 

Bryson,  Andrew.  .New  Castle,  Del. 

Buck,  H.  R Hartford,  Conn. 

Buck,  R.  S . .  .  San  Francisco,  Cal. 
Buettner,  O.  G.  H.  .New  York  City 

Burden,  James Oswego,  N.  Y. 

Burdett,  F.  A New  York  City 

Burgess,  G.  H Albany,  N.  Y. 

Burpee,  G.  W New  York  City 

Burpee,   Moses Houlton,   Me, 

Burr,  W.  H New  York  City 

Burroughs,  H.  R .  . .  New  York  City 

Bush,  E.  W Lyme,  Conn. 

Bush,  Lincoln.  .East  Orange,  N.  J. 

Cadwallader,  W.  L., 

New  Rochelle,  N.  Y. 
Cain,  William.  .Chapel  Hill,  N.  C. 
Cantwell,  H.  H.  . .  .Yonkers,  N.  Y. 

Carey,  E.  G New  York  City 

Carle,  N.  A Newark,  N.  J. 

Carpenter,  C.  E..  .Yonkers,  N.  Y. 
Carr,  Albert.  .East   Orange,  N.  J. 

Carter,  C.  E Reading,  Mass. 

Casani,  A.  A New  York  City 

Chadbourn,  W.  H., 

Bi'ookline,  Mass. 
Chandler,  E.  L., 

New  London,  Conn. 

Chappell,  T.  F New  York  City 

Chase,  C.  F. .  .New  Britain,  Conn. 
Chase,  W.  H.  .New  Bedford,  Mass. 
Christian,  G.  L. .  .New  York  City 

Christie,  W.  W Paterson,  N.  J. 

Church,  E.  C New  York  City 

Churchill,  J.  P., 

East  Orange,  N.  J. 

Clapp,  F.  L Cornwall,  N.  Y. 

Clapp,  S.  K.  .West  Shokan,  N.  Y. 

Clark,  A.  E New  York  City 

Clarke,  G.   C New  York  City 
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Class,  C.  F New  York  City  Deans,  J.  S Phcenixville,  Pa. 

Clermont,  J.  B New  York  City   Dennis,  W.  F.  .Washington,  D.  C. 

Coe,  Kobert Pittsburgh,  Pa.    Deyo,  S.  LeF New  York  City 

Coffin,  T.  DeL. . .  .Katonah,  N.  Y.   Dilks,  L.  C New  York  City 

Cohen,  F.  W.,  Dimon,  D.  Y Passaic,  N.  J. 

Upper  Montclair,  N.  J.    Dixon,  G.  G Akron,  Ohio 

Cole,  E.  S New  York  City   Donham,  B.  C.  .Glen  Ridge,  N.  J. 

Cole,  G.  N New  York  City   Dorrance,  W.  T Boston,  Mass. 

Cole,  IT.  J Montclair,  N.  J.   Dougherty,  R.  E.  .New  York  City 

Collier,  B.  C.  .Pleasantville,  N.  Y.   Dufresne,  A.  R., 
Coltman,  Robert,  Jr.,  Ottawa,   Ont,   Canada 

Yonkers,  N.  Y.   Duggan,  G.  H., 

Comber,  S.  X New  York  City  Montreal,  Que.,  Canada 

Connell,  H.   L New  York  City  Dunn,  H.  L.  .New  London,  Conn. 

Connor,  E.  II.  .Leavenworth,  Kans.   du  Pont,  Biderman, 
Constant,  F.  H.,  Greenville,  Del. 

Minneapolis,  Minn.   Durham,  H.  W.  . .  .New  York  City 

Cook,  J.  H Paterson,  N.  J. 

Coombs,  A.  W New  York  City   Earle,   Thomas Steelton,   Pa. 

Coombs,  S.  E Yonkers,  N.  Y.  Easby,  M.  W. . .  .Philadelphia,  Pa. 

Cooper,  D,  R New  York  City  Eckersley,  J.  O.  . .  .New  York  City 

Cornell,  J.  N.  H. .  .New  York  City  Eddy,  H.  P Boston,  Mass. 

Coyne,  H.  L New  York  City   Edmondson,  R.  S.  .New  York  City 

Crandall,  C.  L Ithaca,  N.  Y.   Edwards,  D.  G. .  .  .Brooklyn,  N.  Y. 

Crane,  A.  S New  York  City  Edwards,  J.  H Passaic,  N.  J. 

Crane,  F.  E Amsterdam,  N.  Y.   Edwards,  W.  R.  . .  .Baltimore,  Md. 

Crehore,  W.  W New  York  City  Ehrbar,  L.  H New  York  City 

Creuzbaur,  R.  W. .  .New  York  City  Ehrsam,    Fritz New  York  City 

Crooks,  C.  H New  York  City  Eide,  Torris New  York  City 

Crosby,  Hewitt New  York  City  Ellendt,  J.  G Rochester,  N.  Y. 

Crosby,  W.  W Baltimore,  Md.  Elliott,  C.  G.  ..Washington,  D.  C. 

Crowell,  Foster.  . .  .New  York  City  Ellis,  H.  C.  . .  Wliite  Plains,  N.  Y. 

Cummin,  Hart Dayton,  Ohio   Ellis,  J.  W Woonsocket,  R.  L 

Cummings,  Noah.  .New  York  City   Elwell,  C.  C.  ..New  Haven,  Conn. 

Cummings,  R.  A.  .  .Pittsburgh,  Pa.   Ely,  C.  B Harrisburg,  Pa. 

Currier,  C.  G New  York  City  Ely,  G.  W.,  Jr New  York  City 

Curtis,  V.  P Worcester,  Mass.   Endicott,  M.  T.  .Washington,  D.  C. 

English,  H.  L New  York  City 

Dahl,  S.  T New  York  City   Entenmann,  P.  M., 

Dakin,  A.  H.,  Jr. .  .New  York  City  Brooklyn,  N.  Y. 

Davies,  J.  P New  York  City  Evans,  R.  R Haverhill,  Mass. 

Davis,  A.  P Washington,  D.  C. 

Davis,  C.  E Philadelphia,  Pa.  Farley,  M.  M.  .White Plains, N.  Y. 

Davis,  J.  L Mt.  Vernon,  N.  Y.   Farnham,  A.  B.  ..Pittsfield,  Mass. 

Dean,  A.  W Boston,  Mass.   Fay,  F.  H Boston,  Mass. 
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Pederlein,  W.  G.  ..New  York  City 

Pehr,  H.  R Easton,  Pa. 

Fenton,  L.  G Brooklyn,  N.  Y. 

Ferguson,  J.  N Boston,  Mass. 

Fetherston,  J.  T., 

New  Brighton,  N.  Y. 

Firth,  E.  W Jamaica,  N.  Y. 

Fisher,   E.   A Rochester,  N.  Y. 

Fitch,  C.  L Brooklyn,  N.  Y. 

FitzGerald,  Desmond, 

Brookline,  Mass. 
Fletcher,  Robert.  .Hanover,  N.  H. 

Flinn.  A.  D Yonkers,  N.  Y. 

Follett,  W.  W El  Paso,  Tex. 

Forbes,  F.  B New  York  City 

Ford,  H.  C New  York  City 

Ford,  W.  H Philadelphia,  Pa. 

Foss,  F.  E New  York  City 

Foster,  E.   H New  York  City 

Fox,  W.  F New  York  City 

Franklin,  C.  M.  . .  .New  York  City 

Eraser,  C.  E New  York  City 

French,  A.  W .  . .  Worcester,  Mass. 

French,  Halsey New  York  City 

French,  J.  B New  York  City 

Frost,  G.  S Brooklyn,  N.  Y. 

Fuller,  A.  H Seattle,  Wash. 

Fuller,  G.  W New  York  City 

Fulweiler,  W.  H., 

West  Chester,  Pa. 
Furber,  W.  C Philadelphia,  Pa. 

Gahagan,  W.  H.  .  .Brooklyn,  N.  Y. 
Gandolfo,  J.  H.  . .  .New  York  City 
Gardiner,  F.  W.  . .  .Yonkers,  N.  Y. 
Gardner,  Warren.  .New  York  City 
Garfield,  C.  A., 

White  Plains,  N.  Y. 
Garrison,  F.  L.  .Philadelphia,  Pa. 
Gartensteig,  Charles, 

New  York  City 

Gaston,  L,  P New  York  City 

Gerber,  Emil Pittsburgh,  Pa. 

Germer,  W.  E New  York  City 

Gifford,  G.  E New  York  City 


Giles,  Robert New  York  City 

Gillen,  W.  J New  York  City 

Gillespie,  R.  H.  . .  .New  York  City 
Gilman,  Charles.  .Plainfield,  N.  J. 
Glander,  J.  H.,  Jr.  .New  York  City 
Godfrey,  S.  C.  .West  Point,  N.  Y. 

Golding,  T.  W Brooklyn,  N.  Y. 

Goldsborough,  J.  B., 

New  York  City 
Goodell,  J.  M., 

Upper  Montclair,  N.  J. 
Goodman,  Joseph.  .New  York  City 

Goodsell,  D.  B New  York  City 

Gow,  C.  R Boston,  Mass. 

Graham,  C.  H New  York  City 

Gray,  J.  L Bayonne,  N.  J. 

Gray,  William New  York  City 

Greathead,  J.  F.  .  .New  York  City 
Greene,  Carleton. .  .New  York  City 
Greene,  G.  S.,  Jr ..  New  York  City 
Greenlaw,  R.  W. .  .New  York  City 
Gregg,  J.  H.   C.  ..Brooklyn,  N.Y. 

Gregory,  C.  E Mt.  Kisco,  N.  Y. 

Greiner,  J.  E Baltimore,  Md. 

Grimes,  E.  L Troy,  N.  Y. 

Gutman,  David.  . .  .New  York  City 

Haines,   E.   G.  ..  .Brooklyn,  N.  Y. 

Hale,  H.  M Brooklyn,  N.  Y. 

Hale,  R.  A Lawrence,  Mass. 

Hall,  M.  W New  York  City 

Hall,  W.  M.  .Parkersburg,  W.  Va. 
Hallihan,  J.  P.  ..  .New  York  City 

Hallock,  J.  C Newark,  N.  J. 

Halsey,  W.  H., 

Bridge  Hampton,  N.  Y. 
Hamilton,   J.   W.  .  .New  York  City 

Hammel,  E.  F New  York  City 

Hammond,  J.  F., 

Richmond  Hill,  N.  Y. 
Hanavan,  W.  L .  .  Newburgh,  N.  Y. 
Hansel,  Charles . .  .  Cranf  ord,  N.  J. 
Harby,  Isaac, 

Richmond  Hill,  N.  Y. 
Harding,    H.    S...New  York  City 
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Haring,  Alexander,  Hodge,  H.  W New  York  City 

New  York  City   Hogan,  J.  P.  ..  .High  Falls,  N.  Y. 

Harrington.  F.  F Norfolk,  Va.   Holbrook,  A.  E, New  York  City 

Harris,  F.  R Brooklyn,  N.  Y.  Holbrook,  Percy. . .  .New  York  City 

Harte,  C.  R...New  Haven,  Conn.  Holden,  C.  A.  ..  .Hanover,  N.  H. 

Hartman,  A.  F Nutley,  N.  J.   Holland,  C.  M.  . .  .Brooklyn,  N.  Y. 

Hartwell,   Harry.  .New  York  City   Holtzman,  S.  F.  ..  .New  York  City 

Harwi,   S.  J Bayonne,  N.   J.   Honness,  G.  G.  .  .Kingston,  N.  Y. 

Hasbrouck.  Oscar.  .Albany,  N.  Y.  Hood,  J.  N Newburgh,  N.  Y. 

Haskins,  W.  J.  ..  .New  York  City  Home,  H.  W., 
Hathaway,  C.  M.,  New  Hartford,  Conn. 

New  Bedford,  Mass.   Houston,  J.  J.  L. .  .Jamaica,  N.  Y. 

Hatton,  T.  C.  ..  .Wilmington,  Del.   Hovey,  O.  E Plainfield,  N.  J. 

Hauck,  William. .  .New  York  City   Howard,  L.  T., 

Hayes,  R.  D Stillwater,  N.  Y.  Tompkinsville,  N.  Y. 

Hayes,  S.  W^ Richmond,  Ind.   Howard,  O,  Z New  York  City 

Hazard,  Schuyler. .  .Albion,  N.  Y.  Howe,  C.  E Hastings,  N.  Y. 

Hazen,  Allen New  York  City   Howell,  D.  J.  .  .Washington,  D.  C. 

Hazen,  J.  V Hanover,  N.  H.   Howell,  W.  A Newark,  N.  J. 

Healy,  J.  R New  York  City   Howes,  D.  W Brooklyn,  N.  Y. 

Heilbronner,  L.  C,  Hubbard,  W.  D., 

Schenectady,  N.  Y.  Brown  Station,  N.  Y. 

Hench,  N.  M Pittsburgh,  Pa.   Hubbell,  G.  S New  York  City 

Henderson,  J.  T.  .Hartford,  Conn.   Hudson,  C.  W.  . .  .Montclair,  N.  J. 
Hering,  Rudolph.  .  .New  York  City   Hi;dson,  H.  W.  . .  .New  York  City 

Hermanns,  F.  E.  .  .New  York  City   Hughes,  J.  W Erie,  Pa. 

Hewes,  V.  H New  York  City   Hulsart,  C.  R New  York  City 

Heyman,  William,  Humphrey,  R.  L., 

Jersey  City,  N.  J.  Philadelphia,  Pa. 
Higgins,  C.  H.  .Jersey  City,  N.  J.  Humphreys,  D.  C.  .Lexington,  Va. 
Higgins,  J.  W..  Hunt,   C.  A New  York  City 

Rosalie  Park,  N.  J.    Hunt,  Chas.  Warren, 
Hildroth,  J.  L.,  Jr.,  New  York  City 

Cornwall,  N.  Y.   Hunt,  Robert  W Chicago,  111. 

Hill,  A.  B New  Haven,  Conn.  Hunt,  W.  H New  York  City 

Hill,  W.  R Albany,  N.  Y.   Hurd,  H.  L.  .White  Plains,  N.  Y. 

Hillyor,  W.  R.,  Hutchins,  E.  N New  York  City 

Port  Richmond,  N.  Y.    Hyde,  J.  L Westfield,  Mass. 

Hilton,  J.  C, 

Shelburne  Falls,  Mass.  Ilsley,  A.  B.  ..  .Washington,  D.  C. 
Hilts,  H.  E.  .New  Rochelle,  N.  Y.  Ives,  A.  S . . . . Poughkeepsie,  N.  Y. 
Hines,  H.  E.  . .  .Princeton,  W.  Va.   Ives,  H.  C.  . .  . . ;  .Worcester,  Mass. 

Hirst,   Arthur Trenton,  N.   J. 

Hitchcock.  F.   C.  .  .New  York  City   James,  A.  R.  . .  . .  .Elizabeth,  N.  J. 

Hoag,  S.  W.,  Jr.  .  .New  York  City  Janes,  G.  P Roselle,  N.  J. 

Hodgdon,  B.  A.  ..  .New  York  City   Janvrin,  N.  H.  .Newburgh,  N.  Y. 
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Jarrett,  E.  S New  York  City 

Jenkins,   J.   E New  York  City 

Johannesson,  Sigvald, 

Upper  Montclair,  N.  J. 

Johnson,  D.  C Brooklyn,  N.  Y. 

Johnson,  L.  E Steelton,  Pa. 

Johnson,  T.  S Granville,  Ohio 

Johnston,  J.  A.  .Springfield,  Mass. 
Jones,  W.  A.  .  .New  Haven,  Conn. 
Just,  G.  A., 

Long  Island  City,  N.  Y. 

Karner,  W.  J New  York  City 

Kastenhuber,  E.  G.,  Jr., 

Beverly,  N.  J. 
Kaufman,  Gustave, 

New  York  City 
Keays,  K.  H.  ..  .New  Paltz,  N.  Y. 
Keefer,  C.  H., 

Ottawa,  Ont.,  Canada 

Keith,  H.  C New  York  City 

Kelley,  W.  D Yonkers,  N.  Y. 

Kershaw,  W.  H. .  .New  York  City 

Kimball,  F.  C Summit,  N.  J. 

King,  P.  S Philadelphia,  Pa. 

Kinney,  W.  M.  ..  .Pittsburgh,  Pa. 

Kinsey,  W.  A Newark.  N.  J. 

Kirchner,  P.  A.  . .  .New  York  City 
Kirkwood,  H.  C.  .Flushing,  N.  Y. 

Knap,  E.  D New  York  City 

Knap,  J.  M Catskill,  N.  Y. 

Knighton,  J.  A.  ..  .New  York  City 

Knox,  S.  B New  York  City 

Kornfeld,  A.  E.  . .  .New  York  City 
Krellwitz,  D.  W. .  .New  York  City 
Kuchar,  F.  M.  ..  .Brooklyn,  N.  Y. 

La  Chicotte,  H.  A., 

Brooklyn,  N.  Y. 

Lamb,  W.  A Helena,  Mont. 

Lamson,  W.  M.  . .  .New  York  City 

Lanagan,  F.  K Albany,  N.  Y. 

Landroth,  O.  H., 

Schenectady,  N.  Y. 
Langthorn,  J.  S.  .  .New  York  City 
Lannan,  L.  E New  York  City 


Lant,  F.  P New  York  City 

Larmon,  F.  P..  .Cambridge,  N.  Y. 
Larsson,  C.  G.  E.  .  .New  York  City 

Latey,  H.  N New  York  City 

Latimer,  C.  A New  York  City 

Latta,  H.  W Philadelphia,  Pa. 

Law,  W.  H Woodside,  N.  Y. 

Lee,  E.  M Paterson,  N.  J. 

Leeper,  J.  B Pittsburgh,  Pa. 

Leete,  P.  R.  ..Short  Beach,  Conn. 

Leeuw,  H.  A New  York  City 

Leighton,  George ...  Glenburn,  Pa. 
Leonard,  H.  R.  ..Philadelphia,  Pa. 

Leser,  Henry New  York  City 

Lesley,  R.  W Philadelphia,  Pa. 

Letson,  T.  H New  York  City 

Lewis,  Clifford,  Jr.  ..Utica,  N.  Y. 
Lewis,  E.  W. .  .New  Haven,  Conn. 

Lewis,  J.  O Brooklyn,  N.  Y. 

Lewis,  N.  P New  York  City 

Lex,  W.  I Philadelphia,  Pa. 

Lichtner,  W.  O., 

Newton  Highlands,  Mass. 

Lobo,  Carlos Brooklyn,  N.  Y. 

Loewenstein,  Jacob, 

New  York  City 

Logan,  W.  S Newark,  N.  J. 

Look,  M.  J.  .Brown  Station,  N.  Y. 
Loomis,  Horace, 

Mt.  Vernon,  N.  Y. 
Lowinson,  Oscar.  .  .New  York  City 
Lucas,  E.  W.  V.  C.  .New  York  City 

Lucius,  Albert New  York  City 

Lueder,  A.  B New  York  City 

Lund,  G.   A New  York  City 

Lyle,  W.  T Easton,  Pa. 

Lynde,  Clifford.  ..  .Walden,  N.  Y. 

MacCracken,  G.  G.  .New  York  City 
Macdonald,  Charles, 

Brooklyn,  N.  Y. 
MacFeeters,  J.  O .  .  New  York  City 
MacGregor.  R.  A.  .New  York  City 

Machen,  H.  B New  York  City 

Mackenzie,  K.  G.  .Bayonne,  N.  J. 
Macnab,  G.  T New  York  City 
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.AlcCunly.  II.  S.  R,  Milhr.  S.  () New  York  City 

Brown  Station,  N.  Y.    Millrr.  Siu'ncer New  York  City 

^Iclilashan,   H.  D.  .Berkeley.   Cal.  .Minor,   K.  E...New  Haven,  Conn. 

Mclntyre,  W.  A.  .Philadelphia,  Pa.  Mitchell,  C.  H., 

McKonzie,  T.  H.,  Toronto,  Ont.,  Canada 

Southington,  Conn.  Mitchrll,  S.  P.  .  .Philadelphia,  Pa. 

:\rcKiM)on,  F.  P.,  Modjeski,   Ralph Chicago,  111. 

South  Bethlehem,  Pa.  Mogensen,  O.  E.  .Plainfield,  N.  J. 

McLure.   X.   R.  ..Phoenixville.  Pa.    Moisseiff,  L.  S New  York  City 

McMinn,  T.  J.  ..  .Brooklyn,  N.  Y.   Molitor,  D.  A Detroit,  Mich. 

McMullen,   R.   W.  .New  York  City  Molitor,  Frederic.  .  .New  York  City 

McNaugher,  D.  W.Pittsburgh,  Pa.  Moller,  Louis, 

Mahnros,   N.   L.  ..  .New  York  City  ^"^^  William,  Ont.,  Canada 

Malmros,  N.  L.  A.  .Yonkers,  N.  Y.   Moore,  E.  J New  York  City 

Maltby,  F.  B New  York  City  Moore,  F.  F.  . .  .Hawthorne,  N.  Y. 

Manahan,  E.  G.  . .  .New  York  City  Moore,  W.  H.  .New  Haven,  Conn. 

Manlev.  L.  B.,  Morrill,  G.  S.  ..  .Dorchester,  Mass. 

West  Roxbury.  Mass.  Morrison,  H.  J. .  .Prospect,  N.  Y. 

Marple,  W.   McK. .  .Scranton,  Pa.  Morrison,   R.   L.  ..  .New  York  City 

Marsh,  A.  L Newark,  N.  J.   Morse,  C.  F Wallkill,  N.  Y. 

Marsh,  F.  B New  York  City  Mott,  W.  E Pittsburgh,  Pa. 

Marshall,  R.  A.  . .  .Cranford,  N.  J.   Moyer,  Albert New  York  City 

Mason,  Francis. .  .New  York  City   Muir,  A.  W Newton,  N.  J. 

Mazoau,  Camillo.  .Brooklvn.  N.  Y.    Muller.  Leslie New  York  City 

Mead,  C.  A..  Munkelt,  F.  H Brooklyn,  N.  Y. 

Upper  Montclair,  N.  J.    Murphy,  J.  J Detroit,  Mich. 

Meadowcroft,  William,  Myers,  C.  H New  York  City 

^Z  7°'\t^'5^  ^«gl«'  J-  C.  .College  Station,  Tex. 

Meem,  J^  C    .      .  .Brooklyn    N    Y.   ^^--^^^  g_  ^ Brooklyn,  N.  Y. 

Meggj%  R.  L.  G.  ..Fanwood,  N.  J.  j^g^,]y    j    -p 

Mehren.  E.  J New  York  City  '^.^^^^^  ^^^^^  2one,  Panama 

Melius,  L.  L New  York  City  ^^^^^^  W.  R.  . .  .New  Paltz,  N.  Y. 

Mercer,  C.  H Steelton,  Pa.    ^^^^  -p    pj Cleveland,  Ohio 

Merriman,  Mansfield,  Nelson,  J.  A Paterson,  N.  J. 

„      .            ^,     ,,     ^'''^^''''^^'^^'  ^e^^h2iTdt,m^^rin..^ev^  York  City 

Merriman.  Thaddeus,  Neumeyer,  R.  E.  .  .Bethlehem,  Pa. 

^   ^       Essex  Fells,  N.  J.    N^^co^b,  W.  T Easton,  Pa. 

Merritt,  C.  E T  tica,  N.  1 .  ^^^^^311,  H.  L.  .  .New  Paltz,  N.  Y. 

Meriwether,  Coleman  Newman,  A.  T.  . .  .New  York  City 

New  lork  City  jq-j^bols,  C.  H.  .New  Haven,  Conn. 

Metcalf.  Leonard... Boston,   Mass.   -^^^^^^  ^^^^^^^ New  York  City 

:Middlobrook,  C.  T.  .Albany.  N.  Y.    ^      ;     ^y   pf Portland,  Me. 

]\riles.  G.  F New  York  City 

Miller,  H.  A Boston,  Mass.   Ockerson,  J.  A St.  Louis,  Mo. 

Miller,  Hugh Potsdam.  N.  Y.  O'Connell,  G.  P., 

Miller.  M.  M Yonkers,  N.  Y.  Brown  Station,  N.  Y. 
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Odell,  F.  S.  ..Port  Chester,  N.  Y.  Pratt,  A.  H..  .White  Plains,  N.  Y. 

Oestreich,  H.  L. .  .Brooklyn,  N.  Y.   Pratt,  M.  D Harrisburg,  Pa. 

Ogden,  J.  C New  York  City   Preston,  C.  H Norwich,  Conn. 

Okeson,  W.  E. .  .Glen  Kidge,  N.  J.  Preston,  C.  H.,  Jr., 

O'Eourke,  J.  F New  York  City  Waterbury,  Conn. 

Orrok.  G.  A Brooklyn,  N.  Y.   Preston,  H.  L Jordan,  N.  Y. 

Ott,  S.  J Eutherford,  N.  J.   Price,  F.  O Brooklyn,  N.  Y. 

Owen,  James Newark,  N.  J.    Price,  P.  L Flushing,  N.  Y. 

Owen,  K.  D Montclair,  N.  J.   Pri chard,  H.  S Pittsburgh,  Pa. 

Oxholm,  T.  S.,  Priest,  B.  B.  .  .East  Orange,  N.  J. 

West  New  Brighton,  N.  Y.    Purdy,  S.  M Brooklyn,  N.  Y. 

Pagon,  W.  W Baltimore,  Md.  Quimby,  H.  H.  .Philadelphia,  Pa, 

Parker,  C.  J New  York  City   Quinn,  M.  F New  York  City 

Parker,  J.  L New  York  City 

Parsons,  G.  W Steelton,  Pa.   Eaff,  H.  G New  York  City 

Parsons,  H.  de  B.  .New  York  City  Eandorf,  C.  A.  . .  .Hamburg,  N.  Y. 

Pawling,  G;  F. .  .Philadelphia,  Pa.   Eankin,  E.  S Newark,  N.  J. 

Payrow,  H.  G.,  Eeeves,  W.  F New  York  City 

Tufts  College,  Mass.   Eeid,  H.  A New  York  City 

Peabody,  W.  W.,  Eeimer,  A.  A.  .East  Orange,  N.  J. 

White  Plains,  N.  Y.  Eeimer,  F.  A.  .East  Orange,  N.  J. 

Pegram,  G.  II New  York  City   Eemsen,  T.  E Brooklyn,  N.  Y. 

Pelz,  C.  E New  York  City  Eeukauf,  W.  C. .  .Brooklyn,  N.  Y. 

Pemoff,  J.  J New  York  City  Eice,  G.  S New  York  City 

Pendlebury,  Edwaxd,  Eich,  M.  S Washington,  D.  C. 

Arlington,  N.  J.  Eichardson,  Clifford, 

Perkins,  P.  S.  .  .  .Providence,  E.  I.  New  York  City 

Perkins,  W.  W.  C,  Eichardson,  J.  H... Boston,  Mass. 

Niagara  Falls,  N.  Y.  Eichmond,  J.  P.  W., 

Perry,  L.  E Salisbury,  Md.  Yonkers,  N.  Y. 

Philips,  J.  H..  .Glen  Eidge,  N.  J.  Eidgway,  Eobert.  .New  York  City 

Phillips,  A.  E.  .Washington,  D.  C.   Eiegler,  L.  J Ben  Avon,  Pa 

Phillips,  H.  C Cliieago,  111.   Eights,  L.  D New  York  City 

Pierce,  T.  D.,  Eipley,  Joseph Albany,  N.  Y. 

Cambridge  Springs,  Pa.   Eipley,   T.   M Fulton,   N.  Y. 

Pitcher,  S.  H.  ..  .Worcester,  Mass.  Eobbins,  F.  H., 

Pitkethly,  D.  T.  . .  .Jamaica,  N.  Y.  White  Plains,  N.  Y. 

Polil,  C.  A New  York  City  Eoberts,  H.  W New  York  City 

Polk,  W.  A New  York  City   Eoberts,  E.  F New  York  City 

Poole>  C.  A Eochester,  N.  Y.  Eobinson,  E.  W.  . .  .New  York  City 

Post,  H.  W.,  Eogers,  A.  W Buffalo,  N.  Y. 

Mountain  Lakes,  N.  J.  Eogers,  E.  H., 

Potter,  H.  L Brooklyn,  N.  Y.  West  Newton,  Mass. 

Powers,  C.  V.  V.  .  .New  York  City   Eogers,  H.  L New  York  City 
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Kogge,  J.  C.  L New  York  City   Shepherd,  F.  C Boston,  Mass. 

Kohrer,  Grant Xcw  York  City  Sheridan,  L.  V.  .Indianapolis,  Ind. 

Rollins,  J.  W.,  Jr... Boston,  Mass.  Sherman,  A.  L.. 

Roper,  R.  M.  ..East  Orange,  N.  J.  White  Plains,  N.  Y. 

Rose,  R.  V.  .  .Niagara  Falls,  N.  Y.   Sherman,  C.  W Boston,  Mass. 

Rosenberg,  F Montclair,  N.  J.   Sherrerd,  J.  M Easton,  Pa. 

Rossi,  Irving.  .  .Jersey  City,  N.  J.  Shoemaker,  M.  N.  .Newark,  N.  J. 

Rudolph.  W.  E. .  .Brooklyn,  N.  Y.  Sickman,  A.  F.  . .  .Holyoke,  Mass. 

Rugg,  W.  F Peekskill,  N.  Y.   Sikes,  Z.  H Yonkers,  N.  Y. 

Ruggles,  A.  V New  York  City  Simpson,    G.    F.  . .  .New  York  City 

Rust,  H.  P New  York  City  Sitt,  W.  T New  York  City 

Ryan,  M.  H New  York  City   Skillin,  E.   S New  York  City 

Ryder,  E.  M.  T.  . .  .Yonkers,  N.  Y.   Skinner,  F.  W New  York  City 

•Skinner,  J.  F.  ..  .Rochester,  N.  Y. 
Sanborn,  F.  B.,  Sloan,  W.  G New  York  City 

Tufts  College,  Mass.  Slocum,  C.  M.  ..Springfield,  Mass. 

Sanborn,  J.  F Cornwall,  N.  Y.  Smith,  A.  C,  Jr.  ..Baltimore,  Md. 

Sanborn,  M.  F.,  Smith,  Augustus..  .Bayonne,  N.  J. 

Pleasantville,  N.  Y.  Smith,  C.  E., 

Sargent,  P.  D.  .Washington,  D.  C.  West  New  Brighton,  N.  Y. 

Saville,  Charles New  York  City   Smith,  C.  H ]\Iiddletown,  N.  Y. 

Sayles,  R.  W New  York  City   Smith,  C.  W New  York  City 

SchaeflFer,  Amos.  . .  .New  York  City   Smith,  J.  R New  York  City 

Schall,  F.  E.,  Smith,  J.  W New  York  City 

South  Bethlehem,  Pa.   Smith,  M.  H New  York  City 

Schermerhorn,  H.  O.,  Smith,  W.  F Valhalla,  N.  Y. 

Albany,  N.  Y.  Smith,  W.  M., 

Schneider,  C.  C.  .Philadelphia,  Pa.  West  New  Brighton,  N.  Y. 

Schreiber,  J.  M Newark,  N.  J.    Smoley,  C.  K Scranton,  Pa. 

Schroeder,  F.  C New  York  City   Snell,  H.  B Brooklyn,  N.  Y. 

Schwarze,  C.  T New  York  City  Snow,  J.  B.  .Richmond  Hill,  N.  Y. 

Seaman,  H.  B New  York  City  Snow,  J.  P., 

Searight,  G.  P.,  West  Somerville,  Mass. 

White  Plains,  N.  Y.    Snyder,  C.  H Oswego,  N.  Y. 

Searle.  ( '.  D New  York  City   Snyder,  F.  A New  York  City 

Seaver,  Clifford.  Snyder,  G.  D New  York  City 

East  Orange,  N.  J.    Soest,   H.   C New  York  City 

Senior,  F.  S.  . . ^fontgomery,  N.  Y.    Soper,  G.  A New  York  City 

Serber,  D.  C New  York  City  Spaulding,  F.  A.  .Pittsfield,  Mass. 

Shailer,  R.  A Boston,  Mass.   Spear,  W.  E New  York  City 

Shaughnessy,  C.  S.,  Spencer,  C.  B New  York  City 

Cold  Spring,  N.  Y.  Splitstone,  C.  H., 

Shaw,  D.  J Katonali,  N.  Y.  East  Orange,  N.  J. 

Shaw,  F.  H Lancaster,  Pa.   Spofford,  C.  M Boston,  Mass. 

Shaw,  G.  H Brooklyn,  N.  Y.  Spooner,  A.  N.  .  .New  Dorp,  N.  Y. 
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Stanford,  H.  R.,  Tnys,  E.  A.  H., 

Washington,  D.  C.  San  Bias,  Sinaloa,  Mexico 

Staniford,  C.  W. .  .New  York  City   Temple,  W.  H.  G.Providence,  R.  I. 
Sprague,  E.  L.,  Jr.  .Valhalla,  N.  Y.   Tenney,  W.  R. .  .  .Brooklyn,  N.  Y. 

Stark,  C.  W New  York  City   Terry,  J.  H Philadelphia,  Pa. 

Starr,  F.  C Washington,  D.  C.   Thacher,  Edwin..  .New  York  City 

Starr,  H.  H New  York  City   Thayer,    N.    A New  York  City 

Stearns,  F.  L New  York  City   Thoma,  Jacob, 

Stearns,  F.  P Boston,  Mass.  Long  Island  City,  N.  Y. 

Stearns,  R.  H.  ..  .Hartford,  Conn.   Thomas,  C.  D.  ..  .Brooklyn,  N.  Y. 

Steffens,  W.  F Boston,  Mass.   Thomes,  E.  H Jamaica,  N.  Y. 

Stehle,  F.  C Mt.  Vernon,  N.  Y.    Thompson,   J.  A.  .New  York  City 

Stephens,  A.  W.,  Thompson,   S.   C.  .New  York  City 

East  Orange.  N.  J.    Thompson,  S.  E., 
Stephenson,  F.  H.  .New  York  City  Newton  Highlands,  Mass. 

Stern,  E.  W New  York  City    Thomson,  Alexander,  Jr., 

Stevens,  H.   C New  York  City  Walden,  N.  Y. 

Stevenson,  W.  F.,  Thomson,  John... New  York  City 

New  Rochelle,  N.  Y.    Thomson,  S.  F.  .New  Paltz,  N.  Y. 

Stewart,  J.  M New  York  City   Thomson,  T.  K...New  York  City 

Stoddard,  G.  C.  . .  .New  York  City   Thurber,  CD...  .Brooklyn,  N.  Y. 
Stoddard,  R.  F.  .Bridgeport,  Conn.   Tidd,  A.  W..  .White  Plains,  N.  Y. 

Stone,  W.  W Newbiirgh.  N.  Y.   Tighe,  J.  L Holyoke,  Mass. 

Stott,  H.  G New  York  City   Tillson,  G.  W. . .  .Brooklyn,  N.  Y. 

Strachan,  Joseph.  .Brooklyn,  N.  Y.   Tilt,  G.  E New  York  City 

Strawn,  T.  C New  York  City   Timberlake,  S.  M., 

Strickler,  F.  W.,  Wliite  Plains,  N.  Y. 

Mt.  Vernon,  N.  Y.   Tinker,  C.  A Westfield,  Mass. 

Strong,  J.  B Hillburn.  N.  Y.    Tompkins,  E.  DeV.  .Pelham,  N.  Y. 

Strouse,  W.  F Baltimore,  Md.   Torrey,  J.  E Paterson,  N.  J. 

Sullivan,  J.  F New  York  City   Tower,   J.   W New  York  City 

Sutton,  Frank.  .Washington,  D.  C.   Tozzer,   A.   C New  York  City 

Swaab,  S.  M Philadelphia,  Pa.   Trautwine,  J.  C,  Jr., 

Swain,  G.  F Boston,  Mass,  Philadelphia,  Pa. 

Swezey,  E.   C Brooklyn,  N.  Y.   Tretter,  G.  A Roanoke,  Va. 

Swindells,  J.  S.  ..Brooklyn,  N.  Y.    Tribus,  L.  L New  York  City 

Triest,  W.  G New  York  City 

Taber,  G.  A Brooklyn,  N.  Y.   Trout,  C.  E New  York  City 

Taft,  J.  R New  York  City   Trow,  F.  H.  .Brown  Station,  N.  Y. 

Taggart,  R.  C.  ..  .Brooklyn,  N.  Y.    Trowbridge,  D.  S.  .New  York  City 

Tait,  Harold,  True,  A.  O Albany,  N.  Y. 

Long  Island  City,  N.  Y.   Tull,  R.  W Fanwood,  N.  J. 

Talbot,  A.  N Urbana,  111.   Turner,  D.  L New  York  City 

Taylor,   C.  F New  York  City   Turner,  E.  K Boston,  Mass. 

Taylor,  G.  McC.  .Red  Bank,  N.  J.   Tuska,   G.   R New  York  City 
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Tuttle,  A.  S New  York  City 

Tyler,    W.    R New  York  City 

Upson,  ^I.  M.  . .  .Englewood,  N.  J. 

Valloley,  W.  P...New  York  City 
Van  Clave,  A.  H.  .New  York  City 
Van  liorne,  J.  G.New  York  City 
Van  Norden,  E.  M., 

Brooklyn,  N.  Y. 
Van  Winkle,  Edward, 

New  York  City 
Vaughan,  L.  B..  .Kingston,  N.  Y. 

Verveer,  E.  L New  York  City 

Vincent,  J.  I New  York  City 

Vrooman,   Morrell, 

Gloversville,  N.  Y. 

Wachter,  C.  L.  . .  .New  York  City 
Waddell,   F.   C, 

West  New  Brighton,  N.  Y. 
Wagner,  J.  C.  ..  .Philadelphia,  Pa. 

Wait,  B.  H New  York  City 

Waite,  G.  B New  York  City 

Walker,  E.  L New  York  City 

Wallace,  J.  F New  York  City 

Ward,  CD New  York  City 

Wardle,  E.  B.  .West  Nutley,  N.  J. 
Warnock,  W.  H. .  .New  York  City 
Watkins,  F.  W., 

White  Plains,  N.  Y. 

Watt,  D.  A New  York  City 

Watters,  G.  L., 

South  Bethlehem,  Pa. 
Webster,  G.  S.  .  .Philadelphia,  Pa. 
Wegmann,   Edward, 

New  York  City 
Wells,  C.  E. .  .White  Plains,  N.  Y. 
Wells,  G.  E.  . .  .Naugatuck,  Conn. 

Wendt,  E.  F Pittsburgh,  Pa. 

Wontworth,  C.  A Wayne,  Pa. 

Wentworth,  G.  L.  .  Yonkers,  N.  Y. 
Weston,  F.  S.  .  .Middleboro,  Mass. 
Weston,   R.    S Boston,   Mass. 


Whincry,  Samuel, 

East  Orange,  N.  J. 

Whipple.  C.  C New  York  City 

Wliiskemau,  J.  P.  .New  York  City 
White,  Lazarus. .  .New  York   City 

White,  T.  S Beaver  Falls,  Pa. 

Whitney,  F,  O Boston,  Mass. 

Whittemore,  J,  O., 

Mt.  Vernon,  N.  Y. 
Wiggin,  E.  W.  .New Haven,  Conn. 
Wiggin,  T.  H.  . .  .Scarsdale,  N.  Y. 
Wilcock,  Frederick, 

Brooklyn,  N.  Y. 
Wilcox,  Frank.  ..  .Pittsburgh,   Pa. 

Wild,  H.  J Chester,  Pa. 

Wildes,  W.  G Rochester,  N.  Y. 

Wiley,  W.  H.  .East  Orange,  N.  J. 

Williams,  E.  G New  York  City 

Williams,  F.  P., 

Mechanicsville,  N.  Y. 
Williams,  Frederick, 

New  London,  Conn. 
Williams,  G.  S.  .Ann  Arbor,  Mich. 

Willis,  A.  J New  York  City 

Wills,  W.  S Neligh,  Nebr. 

Wilmot,  James.  . .  .New  York  City 
Wilmot,  Sydney.  .New  York  City 
Wilson,  C.  W.  S., 

New  Rochelle,  N.  Y. 

Wilson,  H.  M Pittsburgh,  Pa. 

Wilson,  P.  H.  ..  .Philadelphia,  Pa. 

Wilson,  T.  L New  York  City 

Wilson,  W.  T New  York  City 

Wilson,  William.  .New  York  City 
Winsor,  F.  E.AVhite  Plains,  N.  Y. 

Winsor,  G.  A Valhalla,  N.  Y. 

Winsor,  H.  D New  York  City 

Wise,  C.  R Passaic,  N.  J. 

Witmer,  F.  P.  .East  Orange,  N.  J. 

Wolcott,  C.  S HorneU,  N.  Y. 

Wolfe,  F.  G Scranton,  Pa. 

Wolff,  A.  D.,  Jr..  .  .New  York  City 
Wolverton,  L  M., 

Mt.  Vernon,  Ohio 
Woo<l.  G.  P Peekskill,  N.  Y. 
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Wood,  H.  S New  York  City  Wyman,  A.  M.  ..  .New  York  City 

Wood,  I.  S Providence,  R.  I. 

Woodard,  S.  H.  .Scarsdale,  N.  Y.    Yappan,  Adolph Chicago,  UL 

Worthington,  Charles,  Yates,  P.  K Brooklyn,  N.  Y. 

New  York  City  Yates,  W.  H. . .  . . .  .Albany,  N.  Y. 

Wright,  J.  B New  York  City  Yereance,  W.  B. .  .New  York  City 

Wyckoff,  C.  E., 

White  Plains,  N.  Y.  Zook,  M.  A.  . .  . .  .Pin infield,  N.  J. 
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PROORESS  REPORT  OF  SPECIAL  COMMITTEE  ON 
CONCRETH  AND  REINFORCED  CONCRETE. 

T.     Intuouuctiux. 
1. — Appointment  and  Work  of   Committee. 

In  1903  and  1904  Special  Committees  were  appointed  by  the 
American  Society  of  Civil  Engineers,  American  Society  for  Testing 
Materials,  American  Railway  Engineering  and  Maintenance  of  Way 
Association,  and  tlie  Association  of  American  Portland  Cement  Manu- 
facturers, for  the  purpose  of  investigating  current  practice  and  pro- 
viding definite  information  concerning  the  properties  of  concrete  and 
reinforced  concrete  and  to  recommend  necessary  factors  and  formulas 
required  in  the  design  of  structures  in  which  these  materials  are  used. 
The  history  of  the  appointment  of  the  committees  is  as  follows : 

At  the  Annual  Convention  of  the  American  Society  of  Civil 
Engineers,  held  at  Asheville,  IST.  C,  June  11th,  1903,  the  following 
resolution  was  adopted : 

"It  is  the  sense  of  this  meeting  that  a  Special  Comxnittee  be  ap- 
pointed to  take  up  the  question  of  concrete  and  steel-concrete,  and  that 
such  committee  co-operate  with  the  American  Society  for  Testing  Ma- 
terials, and  the  American  Railway  Engineering  and  Maintenance  of 
Way  Association." 

Following  the  adoption  of  this  resolution,  a  Special  Committee 
on  Concrete  and  Steel-concrete  was  appointed  by  the  Board  of  Direc- 
tion on  May  Slst,  1904.  At  the  Annual  Meeting,  held  January  18th, 
1905,  the  title  of  this  Special  Committee  was,  at  the  request  of  the 
Committee,  changed  to  "Special  Committee  on  Concrete  and  Rein- 
forced Concrete."  This  Special  Committee  held  its  first  meeting  at 
Atlantic  City,  N.  J.,  June  17th,  1904,  and  effected  an  organization; 
Mr.  C.  C.  Schneider  was  appointed  Chairman  and  Mr.  J.  W.  Schaub, 
Secretary-.  Mr.  Schneider  resigned  from  the  Committee  on  January 
3d,  1911,  and  the  Board  of  Direction,  on  January  31st,  1911,  appointed 
Mr.  J.  R.  Worcester  as  Chairman.  On  the  resignation  of  Mr.  J.  W. 
Schaub,  Mr.  Richard  L.  Iliimphrey  was  appointed  Secretary  on  Octo- 
ber 11th,  1905. 

At  the  first  meeting  of  the  Committee  it  was  decided  to  co-operate 
with  similar  committees  which  had  been  appointed  by  the  American 
Society  for  Testing  Materials  and  the  American  Railway  Engineering 
and  Maintenance  of  Way  Association  through  the  organization  of  a 
Joint  Committee  on  Concrete  and  Reinforced  Concrete. 

Subsequent  meetings  of  the  Committee  were  held  at  New  York 
in  January-,  1906,  1907,  1009.  1910,  1911,  and  1912;  on  December  10th, 
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1907;  on  March  1st,  April  3d,  May  1st,  1911,  and  on  November  20th, 
1912;  at  Philadelphia  in  December,  1908;  and  at  Chicago  in  June, 
1910.  The  Committee  was  also  represented  at  all  the  meetings  of  the 
Joint  Committee. 

At  the  annual  meeting  of  the  American  Society  for  Testing  Ma- 
terials, held  on  July  1st,  1903,  at  the  Delaware  Water  Gap,  the  follow- 
ing resolution  was  unanimously  adopted : 

"That  the  Executive  Committee  be  requested  to  consider  the  desira- 
bility of  appointing  a  committee  on  'Reinforced  Concrete',  with  a  view 
of  co-operating  with  the  committees  of  other  societies  in  the  stvidy  of 
the  subject." 

At  the  meeting  of  the  Executive  Committee  of  the  American  Society 
for  Testing  Materials,  held  on  December  5th,  1903,  a  special  committee 
on  "Reinforced  Concrete"  was  appointed. 

The  American  Railway  Engineering  and  Maintenance  of  Way 
Association  appointed  a  Committee  on  Masonry  on  July  20th,  1899, 
with  instructions,  as  a  part  of  its  duties,  to  prepare  specifications  for 
concrete  masonry.  A  preliminary  set  of  specifications  for  Portland 
cement  concrete  was  reported  to  and  adopted  by  the  Association  on 
March  19th,  1903.  At  the  meeting  held  in  Chicago  on  March  17th, 
1904,  the  Committee  on  Masonry  was  authorized  to  co-operate  with 
the  Special  Committee  on  Concrete  and  Reinforced  Concrete  of  the 
American  Society  of  Civil  Engineers,  and,  following  this  action,  a 
special  sub-committee  was  appointed. 

At  a  meeting  of  the  several  special  committees  representing  the 
above-mentioned  societies,  held  at  Atlantic  City,  N.  J.,  on  June  17th, 
1904,  arrangements  were  completed  for  collaborating  the  work  of  these 
several  committees  through  the  formation  of  the  Joint  Committee  on 
Concrete  and  Reinforced  Concrete.  Mr.  C.  C.  Schneider  was  elected 
temporary  chairman  and  Professor  A.  N.  Talbot  temporary  secretary. 
The  proposed  plan  of  action  of  the  Special  Committee  of  the  American 
Society  of  Civil  Engineers  was  outlined,  involving  the  appointment  of 
sub-committees  on  Plan  and  Scope,  on  Tests,  and  on  Ways  and  Means. 

The  Joint  Committee,  at  its  first  meeting,  invited  the  Association 
of  American  Portland  Cement  Manufacturers  to  join  in  its  deliberations 
through  a  committee  appointed  for  the  purpose. 

The  Joint  Committee,  at  meetings  at  St.  Louis  in  October,  1904, 
and  at  New  York  in  the  following  January,  perfected  its  organization 
by  the  adoption  of  rules  and  the  choice  of  Mr.  C.  C.  Schneider  as 
Chairman,  Mr.  Emil  Swensson,  Vice-Chairman,  and  Mr.  J.  W.  Schaub, 
Secretary.  Later,  on  the  resignation  of  Mr.  Schaub,  Mr.  Richard  L. 
Humphrey  was  chosen  Secretary.  Sub-committees  on  Plan  and  Scope, 
on  Tests,  and  on  Ways  and  Means  were  appointed. 

The  Joint  Committee,  as  thus  organized,  consisted  of  the  following 
members : 
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OFFICERS. 

Chairman. — C.  C.  Schnkider. 

V ice-Chairman. — E.\riL  Swknsson. 

Secretary. — Eiciiard  L.  Humphrey. 

MEMBERS. 

American  Society  of  Civil  Engineers  (Special  Committee  on  Concrete 
and  Keinforced  Concrete)  : 

(ii'ciiuT,  fl.  E.,  Consulting  Engineer,  Baltimore  and  Ohio  Kail- 
road,  Baltimore,  Md. 

IFatt,  W.  K..  Professor  of  Civil  Engineering,  Purdue  University, 
Lafayette,  Ind. 

JIofF,  Olaf,  Vice-President,  l)utler  Protliers,  Hoff  and  Company, 
Xew  York,  N.  Y. 

Humphrey,  Richard  L.,  Consulting  Engineer;  Engineer  in 
Charge,  Structural  Materials  Testing  Laboratories,  U.  S. 
Geological   Survey,  Philadelphia,  Pa. 

Lesley,  R.  W.,  President,  American  Cement  Company,  Phila- 
delphia, Pa. 

Schaub,  J.  W.,  Consulting  Engineer,  Chicago,  111. 

Schneider,  C.  C,  Consulting  Engineer,  Philadelphia,  Pa. 

Swensson,  Emil,  Consulting  Engineei",  Pittsburgh,  Pa. 

Talbot,  A.  N.,  Professor  of  Municipal  and  Sanitary  Engineering, 
in  Charge  of  Theoretical  and  Applied  Mechanics,  University 
of  Illinois,  Urbana,  111. 

Worcester,  J.  R.,  Consulting  Engineer,  Boston,  Mass. 

American    Society   for   Testing    ^laterials    (Committee   on    Reinforced 
Concrete)  : 

Fuller,  William  B.,  Consulting  Engineer,  New  York,  N.  Y. 

Ileidenreieh,  E.  Lee,  Consulting  Engineer,  New  York,  N.  Y. 

Humphrey,  Richard  L.,  Con.sulting  Engineer;  Engineer  in 
Charge,  Structural  Materials  Testing  Laboratories,  U.  S. 
Geological  Survey,  Philadelphia,  Pa. 

Johnson,  Albert  L.,  Consulting  Engineer,  St.  Louis,   Mo. 

Lanza,  Gaetano,  Professor  of  Theoretical  and  Applied  Mechan- 
ics, Massachusetts  Institute  of  Technology,  Boston,  Mass. 

Lesley,  R.  W.,  President,  American  Cement  Company,  Phila- 
delphia, Pa. 

Marburg,  Edgar,  Profes.sor  of  Civil  Engineering,  University  of 
Pennsylvania,   Philadelphia,   Pa. 

.Mills,  Charles  M.,  Principal  Assistant  Engineer,  Pliiladolphia 
Rapid  Transit  Company,  Philadclidiia,  Pa. 

Moisseiff,  I-eon  S.,  Engineer  of  Design,  Department  cif  Jiridges, 
New  York,  N   Y. 
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Quimby,  Henry  H.,  Assistant  Engineer  of  Bridges,  Bureau  of 
Surveys,  Philadelphia,  Pa. 

Taylor,  W.  P.,  Engineer  in  Charge  of  Testing  Laboratory,  Phila- 
delphia, Pa. 

Thompson,  Sanford  E.,  Consulting  Engineer,  Newton  High- 
lands,  Mass. 

Turneaure,  F.  E.,  Dean  of  College  of  Mechanics  and  Engineer- 
ing, University  of  Wisconsin,  Madison,  Wis. 

Wagner,  Samuel  Tobias,  Assistant  Engineer,  Philadelphia  and 
Reading  Railroad,  Philadelphia,  Pa. 

Webster,  George  S.,  Chief  Engineer,  Bureau  of  Surveys,  Phila- 
delphia, Pa. 

American     Railway     Engineering     Association      (Sub-Committee     on 
Reinforced  Concrete)  : 

Beckwith,  Frank,  Engineer  of  Bridges  and  Structures,  Lake 
Shore  and  Michigan   Southern  Railroad,   Cleveland,  Ohio. 

Boynton,  C.  W.,  Inspecting  Engineer,  Cement  Department,  Illi- 
nois Steel  Company,  Chicago,  111. 

Cunningham,  A.  O.,  Chief  Engineer,  Wabash  Railroad,  St. 
Louis,  Mo. 

Scribner,  Gilbert  H.,  Jr.,  Contracting  Engineer,  Chicago,  111. 

Swain,  George  F.,  Professor  of  Civil  Engineering,  Massa- 
chusetts Institute  of  Technology,  Boston,  Mass. 

Association  of  American  Portland  Cement  Manufacturers  (Committee 
on  Concrete  and  Steel  Concrete)  : 

Eraser,  Norman  D.,  President,  Chicago  Portland  Cement  Com- 
pany, Chicago,  111. 

Griffiths,  R.  E.,  Vice-President,  American  Cement  Company, 
Philadelphia,  Pa. 

Hagar,  Edward  M.,  Manager,  Cement  Department,  Illinois  Steel 
Company,  Chicago,  111. 

Newberry,  Spencer  B.,  Manager,  Sandusky  Portland  Cement 
Company,  Sandusky,  Ohio. 

Since    organization,    the    following    changes    have    occurred    in    the 
jxT.sonnel  of  the  Joint  Committee: 

J.  W.  Schaub,  died  March  30th,  1909. 

C.  C.  Schneider,  resigned  January  3d,  1911. 

Ernest  R.  Ackerman,  resigned. 

T.  J.  Brady,  resigned. 

Frank  Beckwith,  resigned. 

A.  O.  Cunningham,  resigned. 

George  F.  Swain,  resigned. 
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The  following  representativps  of  the  American  Railway  Engineering 
Association  have  since  been  appointed: 

Thompson.  F.   L.,  Engineer  of  Bridges  and   Buildings,   Illinois 
Central  Railroad,  Chicago,  111. 
Alternates: 

Hotchkiss,  L.  J.,  Assistant  Bridge  Engineer,  Chicago,  Burlington 
and  Quincy  Railroad,  Chicago,  111. 

Prior,  J.  H.,  Assistant  Engineer,   Chicago,  Milwaukee  and   St. 
Paul  Railwaj',  Chicago,  111. 

Schall,  F.  E.,  Bridge  Engineer,   Lehigh  Valley  Railroad,  South 
Bethlehem,  Pa. 

Tuthill,  Job,  Assistant  Engineer,  Cincinnati,  Hamilton  and  Day- 
ton Railway,  Cincinnati,  Ohio. 

At  a  meeting  of  the  Joint  Committee  held  at  Atlantic  City,  N.  J., 
on  June  30th,  1911,  Mr.  J.  R.  Worcester  was  elected  Chairman. 

greetings  of  the  Joint  Committee  have  been  held  as  follows: 
June  17th,  1904,  at  Atlantic  City,  N.  J. 
Oct.  4th,  5th,  6th,  1904,  at  St.  Louis,  Mo. 
Jan.  17th,  1905,  at  New  York,  N.  Y. 
June  21st,  1905,  at  Cleveland,  Ohio. 
June  30th,  1905,  at  Atlantic  City,  N.  J. 
Oct.  11th,  1905,  at  New  York,  N.  Y. 
Dec.  14th,  1905,  at  New  York,  K  Y. 
June  21st,  1906,  at  Atlantic  City,  N.  J. 
Dec.  13th,  1906,  at  New  York,  N.  Y. 
Jan.  15th,  1907,  at  New  York,  N.  Y. 
March  7th,  1907,  at  New  York,  N.  Y. 
March  18th,  1907,  at  Chicago,  HI. 
June  21st,  22d,  1907,  at  Atlantic  City,  N.  J. 
Dec.  10th,  1907,  at  New  York,  N.  Y. 
Oct.  27th,  28th,  1908,  at  New  York,  N.  Y. 
Dec.  9th,  10th,  11th,  1908,  at  Philadelphia,  Pa. 
June  30th,  1911,  at  Atlantic  City,  N.  J. 
Nov.  20th,  1912,  at  New  York,  N.  Y. 

At  the  meeting  of  the  Joint  Committee  at  St.  Louis  in  October, 
1904,  it  was  determined  to  arrange  tests  at  such  technological  institu- 
tions as  were  provided  with  the  requisite  facilities  and  were  willing 
to  co-operate,  the  Committee,  through  its  sub-committee  on  Ways  and 
Means,  to  provide  materials,  and  through  its  sub-committee  on  Tests, 
to  consult  as  to  lines  of  testing  and  to  advise  as  to  methods.  The 
following  ten  institutions,  Case  School  of  Applied  Science,  Columbia 
University,  Cornell  University,  University  of  Illinois,  State  University 
of  Iowa,  Massachusetts  Institute  of  Technology,  University  of  Minne- 
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sota,  Ohio  State  University,  Purdue  University,  and  University  of 
Wisconsin,  undertook  a  preliminary  series  of  tests,  and  carried  them 
through,  in  due  time  reporting-  their  results  to  the  Committee. 

Through  the  inability  of  the  Committee  to  do  as  much  as  it  had 
hoped  by  way  of  furnishing  uniform  materials  for  these  tests  and 
exercising  a  proper  supervision,  the  results  were  not  as  serviceable 
as  they  would  have  been  if  the  full  plans  had  been  carefully  car- 
ried out;  but  much  important  information  was  received  in  this  manner, 
and  the  Committee  desires  to  express  its  gratitude  to  the  professors 
and  students  who  assisted  so  kindly  in  this  work. 

The  results  were  collated  and  edited  by  the  Secretary  of  the  Com- 
mittee at  the  Structural  Materials  Testing  Laboratories  of  the  U.  S. 
Geological  Survey,  St.  Louis,  and  the  results,  in  typewritten  form, 
were  circulated  among  the  members  of  the  Committee.  It  was  hoped 
that  they  might  be  published  by  the  Geological  Survey  as  a  Bulletin, 
but  in  that  the  Committee  was  disappointed,  though  some  of  the  results 
have  been  published  in  bulletins  and  papers  issued  by  their  authors. 

In  June,  1906,  the  U.  S.  Geological  Survey  proposed  to  co-operate 
with  the  Joint  Committee  to  the  extent  of  placing  the  tests  made  at 
the  St.  Louis  Laboratory  at  its  service  and  allowing  the  Committee 
the  privilege  of  advising  as  to  what  tests  of  concrete  and  reinforced 
concrete  should  be  conducted  there.  This  co-operation  was  welcomed 
by  the  Committee,  and  was  brought  about  by  the  fact  that  the  Secretary 
of  the  Committee,  who  was  also  the  Chairman  of  the  sub-committee 
on  tests,  was  in  charge  of  the  St.  Louis  Laboratory. 

During  the  five  years  in  which  the  investigations  of  structural 
materials  were  in  progress  under  the  direction  of  the  United  States 
Geological  Survey,  a  large  amount  of  data  relating  to  concrete  and 
reinforced  concrete  was  obtained.  These  investigations  have  included 
the  survey  of  the  constituent  materials  of  concrete,  such  as  sands, 
gravels,  and  crushed  stone,  in  the  various  parts  of  the  United  States, 
covering  their  strength  as  mortar.s  or  concretes  in  various  consistencies 
and  proportions. 

A  number  of  series  of  tests  of  plain  and  reinforced  concrete  beams 
was  made,  covering  the  influence  of  character  of  aggregates,  propor- 
tions and  age,  percentage  of  reinforcement,  the  effect  of  the  variation 
in  span  relative  to  the  depth,  methods  of  anchorage  of  the  reinforce- 
ment, etc.,  upon  strength.  A  study  was  made  of  the  effect  of  the 
personal  equation  in  tests  of  beams,  made  by  three  construction  com- 
panies o]ierating  in  St.  Louis,  and  by  the  employees  of  the  testing 
laboratory.  Tests  covering  bond,  shear,  compressive  strength,  and 
weight  per  cubic  foot,  for  various  classes  of  aggregates,  were  made. 

Among  other  investigations  were  tests  of  reinforced  concrete  slabs 
of  12  ft.  span,  supported  at  two  and  four  edges,  strength  and  other 
properties    of   cement   hollow   building  blocks,    of   the   permeability   of 
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cement  mortars  and  concretes,  value  of  various  water-proofing  and 
damp-proofing  preparations,  eflPect  of  alkali  and  sea  water  on  cement 
mortars  and  concretes,  the  fire-resistive  properties  of  concrete  and 
other  structural  uint(M'ials,  and  these  have  been  made  and  published, 
in  ]iart. 

The  coUatidU  and  study  of  the  data  obtained  were  seriously  handi- 
capiied  through  lack  nf  funds  available  for  this  purpose,  the  large 
part  of  the  appropriation  being  devoted  to  work  urgently  required 
by  the  various  Government  Bureaus.  Of  the  annual  Government 
appropriation  of  $100  000,  there  was  never  available  more  than  $15  000 
per  annum  for  the  investigation  of  concrete  and  reinforced  concrete, 
and  for  several  years  the  amount  did  not  exceed  $5  000  a  year.  None 
of  this  was  available  for  the  publication  of  results,  and  the  allotment 
from  the  funds  provided  for  all  Government  printing  was  wholly  in- 
adequate for  the  purpose. 

On  June  30th,  1910,  Congress  transferred  this  work  to  the  Bureau 
of  Standards,  together  with  the  data  collected.  It  is  understood  that 
arrangements  have  been  made  by  which  the  data  of  the  tests  will  be 
published  as  rapidly  as  conditions  permit. 

The  Committee  has  had  the  benefit  of  the  results  of  investiga- 
tions by  a  number  of  laboratories,  some  of  which  were  under  the  direct 
supervision  of  its  members.  The  extent  and  varied  character  of  the 
tests,  and  their  interpretation  by  those  in  charge,  made  them  of 
especial  value  to  the  Committee. 

The  Committee  also  has  had  the  advantage  of  investigations  made 
in  foreign  laboratories. 

At  a  meeting  of  the  Joint  Committee  at  Atlantic  City,  on  June 
30th,  1905,  it  was  decided  to  divide  among  its  members  the  work  of 
collating  and  digesting  the  results  of  all  available  tests  on  concrete 
and  reinforced  concrete,  and,  in  pursuance  of  this  resolution,  sub- 
committees were  appointed  on   the  following  subjects: 

Historical. 

Aggregates,  Proiiortions   and   Mixing. 

Physical  Characteristics,  Water-proofing,  etc. 

Strength  and  Elastic  Properties. 

Simple  Reinforced   Concrete  Beams. 

T-Bcams,  Floor  Slalis,  etc. 

Columns  and  Piles. 

Fire-resistive  Qualities. 

Failures  of  Concrete  Structures. 

Arches. 

A  large  amount  of  work  was  done  by  these  sub-committees  and 
extensive  reports  were  submitted  by  most  of  them.  These  reports 
were  typewritten   in  manifold   and  circulated   among  the  members  of 
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the  Joint  Committee,  and  were  of  great  value  to  the  Committee  in 
arriving  at  its  conclusions. 

The  Sub-Committee  on  Ways  and  Means  raised  by  subscription 
about  $8  000,  which  was  used  for  preliminary  investigations  and  ex- 
penses incident  to  printing  its  report  and  carrying  on  the  work  of 
the  Committee.  The  Committee  desires  to  express  its  appreciation 
for  contributions  and  for  donations  of  materials. 

Even  with  this  support,  the  field  of  activity  of  the  Committee 
has  been  limited  in  scope,  and  it  has  been  unable  to  undertake  investiga- 
tions of  its  own. 

In  1908  the  Committee  began  the  preparation  of  the  Progress 
Report  which  was  submitted  to  the  Society  in  January,  1909.  A  pre- 
liminary outline  was  prepared  by  the  Secretary  and  submitted  to 
the  Committee  in  October.  On  October  27th,  a  meeting  of  the  Joint 
Committee  was  held  at  New  York,  at  which  the  report  was  discussed 
paragraph  by  paragraph,  and  chapters  were  referred  to  sub-committees 
and  carefully  revised  during  the  following  three  weeks.  The  whole, 
as  thus  amended  and  revised,  was  again  submitted  in  print  to  a  full 
meeting  held  at  Philadelphia,  on  December  9th,  10th,  and  11th,  and 
again  was  gone  over  in  great  detail.  As  a  result  of  those  two  meetings, 
a  considerable  amount  of  matter,  which  it  was  at  first  intended  to 
include,  was  omitted  on  account  of  slight  disagreements  as  to  its  forro 
and  lack  of  time  to  work  it  into  satisfactory  shape,  and  to  this  iaci 
may  be  attributed  some  of  the  criticisms  which  have  been  elicited 
It  is  hoped,  in  this  report,  to  avoid  these  objections. 

In  the  spring  of  1911  the  work  of  revising  the  1909  Progress 
Report  was  taken  up,  and  a  number  of  meetings  were  held.  The  dis- 
cussions submitted  to  the  American  Society  of  Civil  Engineers  and 
subsequent  papers  relating  to  the  same  subject  were  carefully  con- 
sidered, and  differences  of  opinion  between  members  of  the  Com- 
mittee were  threshed  out. 

Through  the  co-operation  of  the  societies  represented  on  the  Joint 
Committee,  the  report  was  again  put  in  type,  and  the  necessary  editions 
were  printed  for  the  use  of  the  members  of  the  Committee,  the  last 
bearing  the  date  of  Augi^st  1st,  1911.  In  the  form  thus  reached,  the 
report  remained  until  November  20th,  1912,  when  the  Committee  again 
met  in  New  York  and  gave  the  final  review  needed  to  bring  it  into  the 
shape  in  which  it  is  now  presented. 

2. — Historical  Sketch  of  Use  of  Concrete  and  Reinforced  Concrete. 

In  considering  the  history  of  concrete  and  reinforced  concrete,  a 
distinction  should  be  made  between  the  two.  The  use  of  concrete 
extends  back  to  long  before  the  Christian  era — on  the  other  hand,  the 
art  of  reinforced  concrete  is  in  its  infancy. 
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Tlie  use  of  concrete  by  the  ancient  Romans  was  due  to  the  dis- 
covery of  the  fact  that  volcanic  ash  or  puzzolan,  when  mixed  with 
slaked  lime,  made  a  cement  possessing  hydraulic  properties.  The 
durability  of  this  work  of  the  Romans  was  due  largely  to  favorable 
climatic  conditions  and  the  character  of  the  cement  used. 

From  the  downfall  of  the  Roman  Empire  to  the  last  half  of  the 
Eiglitoonth  Century  the  manufacture  of  cement  seems  to  have  been 
discontinued.  The  Roman  cement  mortars  and  concretes  surviving 
the  ravages  of  the  elements  became  so  hard  that  the  cement  acquired 
a  reputation  that  led  the  early  experimenters  of  the  Eighteenth 
Century  to  seek  to  recover  this  supposedly  lost  Roman  art.  Evidently, 
no  concrete  was  used  during  this  period,  for  the  necessity  of  simul- 
taneous induration  in  the  interior  and  exterior  of  the  mass  prevents  the 
use  of  lime  alone  in  concrete,  and  requires  the  use  of  some  material 
having  hydraulic  qualities.  This  fact  limited  the  use  of  concrete  to 
regions  where  hydraulic  limes  and  cements  were  to  be  found. 

In  1756  Smeaton  discovered  that  an  argillaceous  limestone  pro- 
duced a  lime  that  would  set  and  harden  under  water,  but  no  immediate 
a])preciation  of  this  knowledge  appears  to  have  resulted. 

K'atural  cement  was  first  manufactured  by  Parker  in  1795,  as  a 
result  of  an  attempt  to  equal  or  excel  Roman  cement,  and  in  1796  he 
took  out  an  English  patent.  Natural  cement  was  first  produced  in 
America  in  1818,  and  for  a  long  time  was  the  principal  cement  iised. 
With  the  introduction  of  Portland  cement,  and  the  reduction  in  the 
cost  of  manufacture,  there  has  been  a  gradual  substitution  of  Port- 
land for  natural  cement.  The  production  of  natural  cement  reached 
a  maximum  of  nearly  10  000  000  bbl.  in  1899  and  gradually  decreased 
to  about  9  000  000  bbl.  in  1911. 

The  art  of  manufacturing  Portland  cement  was  discovered  in  1811 
by  Joseph  Aspdin,  and  patented  by  him  in  1824.  He  called  this  cement 
"Portland"  by  reason  of  its  resemblance  to  a  building  stone  obtained 
from  the  Isle  of  Portland,  off  the  coast  of  England.  Up  to  1850  very 
little  progress  was  made  in  the  manufacture  of  this  cement  in  England. 
Since  1855,  however,  the  increase  in  the  production  in  Europe  has 
been  steady,  and  its  superiority  has  led  to  a  gradually  increasing  use 
in  such  structures  as  require  concrete  in  mass,  as  foundations,  fortifica- 
tions, sea-walls,  docks,  locks,  etc.  "NAHiile  Portland  cement  was  first 
manufactured  in  1824,  and  was  produced  in  1871  by  David  O.  Saylor, 
at  Coplay,  Pa.,  and  by  Thomas  Millen,  at  South  Bend,  Ind.,  it  was 
not  until  the  early  Eighties  that  it  was  manufactured  to  any  extent  in 
America.  From  that  time  on,  the  production  has  rapidly  increased, 
reachl))g  the  enormous  total  of  nearly  80  000  000  bbl.  in  1911.  This 
increase  in  production  has  been  largely  stimulated  by  the  reduction 
in   cost  of  Portland   cement   through   the  perfection  of  the   American 
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methods,  the  introduction  of  reinforced  concrete,  and  the  extensive  use 
of  cement  during  the  last  few  years. 

In  1850  Joseph  Gibhs  obtained  a  British  patent  for  casting  solid 
walls  in  wooden  moulds,  and  in  1897  C.  W.  Stevens  obtained  a  patent 
for  making  artificial  cast  stone  with  concrete.  It  is  not  clear,  however, 
that  these  inventors  were  the  first  to  use  the  material  in  a  similar  way. 

The  origin  of  the  idea  of  increasing  the  load-carrying  capacity  of 
concrete  by  reinforcing  it  with  metal  embedded  in  it  is  generally 
attributed  to  Joseph  Monier,  a  French  gardener,  who  used  a  wire 
frame  or  skeleton  embedded  in  concrete  in  the  constrtiction  of  flower 
pots,  tvibs,  and  tanks,  in  1867,  and  for  which  he  obtained  the  first 
patent  of  the  kind  in  the  same  year.  This  was  not  the  first  use  of 
the  material,  however,  as  Lambot  constructed  a  boat  of  reinforced  con- 
crete in  1850,  which  was  exhibited  at  the  Paris  Exposition  in  1853. 
He  took  out  an  English  patent  in  1855. 

In  France,  in  1861,  Francois  Coignct  applied  the  principles  of  rein- 
forced concrete  in  the  construction  of  beams,  arches,  pipes,  etc.,  and 
with  Monier  exhibited  some  of  their  work  at  the  Paris  Exposition  of 
1867.  Coignet  also  took  out  an  English  patent  in  1855.  In  England, 
in  1854,  W.  B.  Wilkinson  took  out  a  patent  for  a  reinforced  concrete 
fioor.  In  America,  Ernest  L.  Eansome  used  metal  in  combination  with 
concrete  as  early  as  1874,  and  W.  E.  Ward  erected,  in  1875,  at  Port 
Chester,  New  York,  a  house  built  entirely  of  reinforced  concrete. 

Monier,  while  not  the  first  to  apply  it,  obtained  the  first  patents 
for  reinforced  concrete,  the  German  and  American  rights  of  which  he 
disposed  of  to  G.  A.  Wayss  and  Company  in  1880.  Wayss  and 
J.  Bauschinger,  shortly  after,  began  the  tests  on  this  material  which 
were  published  in  1887. 

Thaddeus  Hyatt,  an  American  engineer,  employed  David  Kirkaldy 
of  London  to  make  the  experiments  on  reinforced  concrete  which  Hyatt 
published  in  1877.  The  theories  of  Hyatt  were  applied  in  a  practical 
way  to  building  construction  in  1877  by  H.  P.  Jackson,  of  San 
Francisco. 

In  America  Eansome,  between  1874  and  1884,  constantly  increased 
his  application  of  metal  reinforcement  consisting  of  old  wire  rope  and 
hoop  iron,  gradually  realizing  the  necessity  for  using  it  with  a  greater 
regard  for  its  proper  position  in  the  mass,  and  in  1884  took  out  the  first 
patent  for  a  deformed  bar.  Prior  to  this,  reinforced  concrete  was  used 
but  little  in  the  United  States.  Ransome  built  his  first  important 
structure  in  1890,  the  Leland  Stanford,  Jr.,  Museum  Building,  312  ft. 
long,  two  stories  high,  with  basement,  the  walls  and  floors  of  which 
were  of  reinforced  concrete.  Since  1891,  when  the  first  slabs  of  rein- 
forced concrete  were  used  in  America,  the  development  has  been  rapid. 

The    introduction    of    this    form    of    construction    proceeded    more 
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slowly  ill  Kiir()i)c,  jiiid  Ix^lweon  1S91  mid  189-i  l^foeller  in  Germany, 
Wiinsch  aiul  Enipcrgcr  in  ITung'nry,  Melan  in  Austria,  and  Hennebiquo 
in  France,  were  pioneers  in  its  development.  Ilenncbiquc  built  rein- 
forced concrete  slabs  as  early  as  1879,  but  did  not  patent  his  system  of 
construction  until  1892. 

The  first  ])iil)lishcd  uuMhod  of  computation  was  by  Koenen  and 
Wayss  in  ISs(').  Subseciueut  theories  have  been  advanced  by  de  Mazas, 
Neuman,  Mclau,  Coignet,  dc  Tedesco,  Von  Thullie,  Ostenfeld,  Sanders, 
Spitzer,  Lutken,  Hitter,  Hatt,  Talbot,  Turneaure,  and  others.  As  early 
as  1884,  Ransome  worked  out  methods  of  calculation  independent  of 
other  investigators,  and  in  1899  Considere  published  his  important  series 
of  tests  from  which  he  deduced  his  methods  of  calculation. 

During-  the  last  ten  years  the  earlier  theories  have  been  somewhat 
modified  as  cxi)erience  has  been  gained  and  as  the  fund  of  experi- 
mental knowledge  has  accumulated.  The  trend  of  the  modifications 
has  been  toward  greater  harmony  in  methods  of  calculation.  Some  of 
tlie  earlier  assumptions  have  been  proved  fallacious,  and  generally  aban- 
doned. On  the  other  hand,  some  of  the  refinements  of  calcvdation, 
though  known  to  be  in  accordance  with  facts,  have,  by  general  consent, 
been  discarded,  as  they  do  not  affect  the  design  materially,  or  are 
taken  into  account  by  a  modification  of  the  constants.  Among  these 
are  the  value  of  the  concrete  in  the  tension  side  of  a  beam  and  the  lack 
of  a  uniform  modulus  of  elasticity  in  compression  of  concrete  under 
widely  varying  stress.  The  earlier  theories  did  not  deal  with  the 
diagonal  tension  under  shearing  stresses.  This  has  been  found  to  be 
a  most  important  consideration,  and  much  attention  has  been  paid  to 
it  in  recent  years.  In  spite  of  the  study  which  has  already  been  given 
to  it,  however,  there  is  still  much  to  learn  in  this  direction.  The  action 
of  various  forms  of  reinforcement  in  columns  has  received  much  con- 
sideration, and  there  is  still  a  wide  difference  of  opinion  as  to  the  efficacy 
of  some  forms  of  column  reinforcement.  Many  experiments  have  been 
made  in  this  branch  of  the  subject,  and  practice  appears  to  be  gradually 
converging  toward  greater  uniformity. 

In  the  preparation  of  this  historical  sketch,  the  Committee  has 
endeavored  to  verify  the  facts,  and  has  received  the  co-operation  of 
IT.  Kempton  Dyson,  Secretary  of  the  Concrete  Institute  of  England, 
Alfred  Iluser,  President,  Deutscher  Beton-Verein,  C.  von  Bach,  Otto 
Leube,  of  Germany,  Karl  Naehr,  of  Austria,  Joseph  Schustler,  of 
Hungary,  and  H.  I.  Hannover,  of  Denmark,  to  whom  the  Committee 
wishes  to  acknowledge  its  appreciation  and  thanks. 

3. — Authorities   on   Which   Kecommendations   are   Based. 

It  has  been  suggested  that  a  report  such  as  this  should  include  all 
the  data  on  which  conclusions  are  based.  The  impracticability  of  this 
may  not  be  realized  by  those  who  are  not  familiar  with  the  enormous 
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quantity  of  matter  involved.  There  are,  however,  reasons  other  than 
the  magnitude  of  the  task  which  tend  to  show  that  full  publication  is 
not  advisable.  One  of  these  is  that  most  of  the  experimental  results 
have  already  appeared  in  print  and  are  now  available,  and  a  reprint 
of  them  would  be  of  no  great  advantage  to  any  one.  Where  originally 
printed  they  are  frequently  accompanied  with  comments  and  deductions 
by  their  authors,  which  are  of  great  value  as  such  but  could  scarcely 
be  copied  by  the  Committee.  Another  reason  against  publication  is 
that,  in  the  large  part  of  the  experimental  work  consulted,  it  has  been 
found  that  certain  vitally  important  information,  either  with  regard 
to  the  materials,  the  way  in  which  they  are  manipulated,  or  as  to  the 
precise  results  reached,  is  lacking.  The  omission  of  measurements  of 
deformations,  of  course,  frequently  renders  results  of  little  value.  While 
such  tests  may  have  some  use  on  account  of  particular  facts  developed, 
a  large  part  may  be  useless,  and  consequently  unsuitable  for  publica- 
tion. The  difficulty  of  separating  the  valuable  from  the  valueless  would 
be  almost  insurmountable. 

It  may  not  be  improper,  however,  to  append  the  following  list  of 
authors  and  references,  as  comprising  a  considerable  part  of  the  most 
important  published  material  on  the  subject  under  consideration : 

C.  V.  Bach.^"Compressive  Tests":  Deutsche  Bauzeitung,  1905,  68 
(No.  17).  Miiteilungen  iiher  ForscTiungsarheiten,  Nos.  22,  29,  39, 
45-47,  72-74. 

E.  Candlot. — "Cements   and   Mortars":    "Ciments   et    Chaux  Hydrau- 

liques,"  1898,  pp.  446,  447. 
Howard  A.  Carson. — "Plain  and  Reinforced  Concrete  Beams" :  Boston 

Transit  Commission,  10th  Annual  Report,  1904,  Appendix  G. 
A.  Considere. — "Reinforced  Beams  and  Columns" :  Comptes  Rendus  de 

I'Academie    des    Sciences,    CXXVII,    p.    992;    CXXIX,    p.    467; 

CXXXV,  Sept.  8,  1902;  CXL,  June  30,  1905. 

F.  V.    Emperger. — "Forschungsarheiten   auf   dem    Gehiete    des   Eisen- 

hetons,"  No.  8. 

R.  Feret. — "8ur  la  Compacite  des  Mortiers  Hydrauliques" :  Annales  des 
Fonts  et  Ghaussees,  1892,  11.  "Composition,  Various  Tests  of 
Reinforcing" :  Etude  Expemm.entale  du  Giment  Arme,  1906. 

William  B.  Fuller  and  Sanford  E.  Thompson. — "Composition  and 
Density" :  Transactions,  American  Society  of  Civil  Engineers,  Vol. 
LIX,  1907,  p.  67. 

William  K.  Hatt. — "Reinforced  Concrete  Beams" :  Proceedings,  Amer- 
ican Society  for  Testing  Materials,  Vol.  IT,  1902,  p.  161;  Journal, 
Western  Society  of  Engineers,  June,  1904. 

James  E.  Howard. — "Watertown  Arsenal  Tests  of  Cubes  and  Rein- 
forced Columns":  Tests  of  Metals,  XL  S.  A.,  1897,  1898,  1899, 
1903,  1905,  and  1906;  Proceedings,  American  Society  for  Testing- 
Materials,  Vol.  VI,  1906,  p.  346. 
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Richard  L.  Humphrey. — "St.  Louis  Laboratory  Tests  of  Aggregates, 
Beams,  Prisms,  Fire-Resistance":  U.  S.  Geological  Survey,  Bulle- 
lins.  .j.3Jf,  820,  SSI,  SJ^Jf,  SIO;  and  Bureau  of  Standards,  Technologic 
Papi'i-,  2. 

George  A.  Kimball. — "Gomiiressive  Tests  of  Cubes":  Tests  of  Metals, 
U.  S.  A.,  1899. 

Gaetano  Lanza. — "Reinforced  Columns  and  Beams":  Transactions, 
American  Society  of  Civil  Engineers,  Vol.  L,  1903,  p.  483;  Pro- 
ceedings, American  Society  for  Testing  Materials,  Vol.  VI,  1906, 
p.  416. 

Elmer  J.  McCaustland. — "Plain  and  Reinforced  Columns":  Engineer- 
ing News,  Vol.  LIII,  p.  614,  June  15,  1905. 

Edgar  Marburg. — "Reinforced  Concrete  Beams  and  Piers":  Proceed- 
ings, American  Society  for  Testing  Materials,  Vol.  IV,  1904,  p. 
508;  Vol.  IX,  1909,  p.  509. 

E.  Mijrsch. — "Der  Eisenhetonhau." 

Cliarles  L.  Norton. — "Fire-proofing,  Protection  of  Steel  by  Concrete": 

Boston   Insurance  Engineering   Experiment   Station   Reports,   IV 

and  IX. 
Logan   W.  Page. — "Properties  of  Oil-mixed  Portland   Cement  Mortar 

and  Concrete" :  Transactions,  American  Society  of  Civil  Engineers, 

Vol.  LXXIV,  1911,  p.  255. 
George  W.  Rafter. — "Consistency  and  Proportions" :   Tests  of  Metals. 

U.  S.  A.,  1898. 
^^.    Rudeloff. — -"Versuche    mit    Eisenheton-Sdulen,    Beton    und   Eisen, 

March  9,  1911. 

F.  Sehiile. — "Resultate    der     Unlersuchung     von    Armierten    Beton," 

Zurich,  1906. 

Arthur  N.  Talbot. — "Prisms,  Beams,  Columns":  Proceedings,  American 
Society  for  Testing  Materials,  Vol.  IV,  1904,  p.  476;  Vol.  VII,  1907, 
p.  382.  University  of  Illinois,  Bulletins,  Nos.  1,  Ji,  8,  10,  12,  II,,  20, 
22,  28,  29. 

Arthur  N.  Talbot  and  Arthur  R.  Lord. — "Concrete  as  Reinforcement 
for  Structural  Steel  Columns":  University  of  Illinois,  Bulletin, 
No.  56. 

Sanford  E.  Thompson. — "Permeability  and  Consistency":  Proceedings, 
American  Society  for  Testing  Materials,  Vol.  VI,  1906,  p.  358, 
and  Vol.  VIII,  1908,  p.  500. 

Frederick  E.  Turneaure. — "Beams,  Columns" :  Proceedings,  American 
Society  for  Testing  Materials,  Vol.  IV,  1904,  p.  498. 

U.  S.  Geological  Survey  Tests,  under  direction  of  Richard  L.  Hum- 
phrey. Tests  of  High-pressure  Steam  on  Concrete,  and  of  Damp- 
proofing  and  Water-proofing  Compounds;  Published  by  Bureau 
of  Standards,  Technologic  Papers,  3  and  5. 
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John  L.  Van  Ornum. — "Fatigue  in  Reinforced  Beams":  Transactions, 

American  Society  of  Civil  Engineers,  Vol.  LVIII,  1907,  p.  294. 
Morton    O.    Withey. — "Beams,    Columns":    University    of    Wisconsin, 

Bulletins,  Vol.  IV,  Nos.  1,  2;  Vol.  V,  Nos.  2,  5. 
Ii'a   H.   Woolson. — "Effect  of  Heat":   Proceedings,   American   Society 

for  Testing  Materials,  Vol.  VI,  1906,  p.  433,  and  Vol.  VII,  1907, 

p.  404. 
Recommendations    of    British    Reinforced    Concrete    Committee,    1907, 

1911. 
Regulations  of  Prussian  Government,  1904,  1907. 
Rules  of  French  Government,  1907. 

Recommendations  of  Swiss  Society  of  Engineers  and  Architects,  1909. 
Rules  of  the  Austrian  Ministry  of  the  Interior,  1908,  1911. 

In  addition  to  the  authorities  above  quoted,  the  Committee  desires 
to  acknov?ledge  with  thanks  the  discussions  of  its  progress  reports, 
which  have  appeared  from  time  to  time,  and  to  say  that  all  the  points 
brought  out  therein  have  been  carefully  weighed. 

4. — Character  of  Report  Presented. 

At  the  time  of  the  appointment  of  the  Committee,  in  1904,  there 
existed  a  great  diversity  of  opinion  in  America  as  to  methods  of  design, 
safe  allowable  working  stresses,  and  methods  of  proportioning,  hand- 
ling, etc.  A  great  deal  of  experimental  work  had  been  done,  but  there 
was  need  of  a  clearing  house  through  which  results  could  be  compared 
and  divergent  views  harmonized.  During  the  interval  between  the  ap- 
pointment of  the  Committee  and  the  preparation  of  its  first  Progress 
Report  rapid  advance  was  made  in  the  art  of  concrete  construction  aided 
by  the  results  of  the  investigations  and  the  experience  acquired  by 
constructors.  This  report,  which  was  submitted  in  1909,  attempted 
to  embody  recommendations  for  safe  methods  of  construction  and 
design  in  accordance  with  the  best  practice  of  the  day.  It  would 
have  been  impossible  for  such  a  report  to  meet  with  the  approval  of  all, 
and  the  Committee  is  well  satisfied  that  its  most  vital  recommenda- 
tions have  met  with  quite  general  acceptance  by  the  engineers  of  the 
country. 

Since  the  appearance  of  the  first  Progress  Report,  many  experiments 
have  been  conducted  by  some  of  the  technical  institutions  and  by 
private  and  corporate  interests,  and  through  these  and  throi;gh  longer 
experience  in  construction  by  its  members  and  others,  the  Committee 
is  now  able  to  make  some  perfecting  modifications  of  its  former  report 
and  to  add  some  entirely  new  material.  The  time,  therefore,  seems 
opportune  for  presenting  this  second  report,  bringing  the  work  up 
to  date. 
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The  Coinniittoe  would  point  out  that  while  the  report  deals  with 
every  kind  of  stress  to  which  concrete  is  subjected,  and  includes  all 
ordinary  conditions  of  proportioning-  and  handling,  it  does  not  go  into 
all  types  of  construction  or  all  the  applications  to  which  concrete  and 
reinforced  concrete  may  be  put. 

It  is  not  to  be  assumed  that  the  Committee  in  presenting  this 
report  wishes  to  ini[)ly  that  further  improvements  are  not  possible.  A 
careful  reading  will  disclose  many  points  on  which  the  present  deduc- 
tions are  regarded  as  only  tentative;  but  it  has  been  the  aim  of  the 
Committee  to  cover  as  fully  as  possible  recommendations  based  on  the 
present  state  of  the  art. 

This  report  is  what  the  word  implies,  and  nothing  more;  it  is  not  a 
"specification",  but  may  be  used  as  a  basis  for  specifications. 

The  use  of  concrete  and  reinforced  concrete  involves  the  exercise 
of  good  judgment  to  a  greater  degree  than  for  any  other  building 
material. 

Rules  cannot  produce  or  supersede  judgment;  on  the  contrary, 
judgment  should  control  the  interpretation  and  application  of  rules. 

II.     Adaptability  of  Coxcrkte  and  Reinforced  Coxckkte. 

The  adaiitability  of  concrete  and  reinforced  concrete  for  engineer- 
ing structures,  or  parts  thereof,  is  now  so  well  established  that  they 
may  be  considered  the  recognized  materials  of  construction.  They 
have  proved  satisfactory  materials,  when  properly  used,  for  those  pur- 
poses for  which  their  qiialities  make  them  particularly  suitable. 

1. — Uses. 

Concrete  is  a  material  of  very  low  tensile  strength,  and  capable 
of  sustaining  but  very  small  tensile  deformations  without  rupture; 
its  value  as  a  structural  material  depends  chiefly  on  its  durability,  its 
fire-resistive  qualities,  its  strength  in  compression,  its  relatively  low 
cost,  and  its  adaptability  to  placing,  especially  where  space  is  cramped 
or  limited.     Its  strength  increases  generally  with  age. 

Concrete  is  well  adapted  for  structures  in  which  the  prinrii)ul 
stresses  are  compressive,  such  as  foundations,  dams,  retaining  and 
other  walls,  tunnels,  piers,  abutments,  short  columns,  and,  in  many 
cases,  arches.  In  the  design  of  massive  concrete,  the  tensile  strength 
of  the  material  in  resisting  principal  stresses  must  generally  be 
neglected. 

By  the  use  of  metal  reinforcement  to  resist  the  principal  tensile 
stresses,  concrete  becomes  available  for  general  use  in  a  great  variety 
of  structures  and  structural  forms.  This  combination  of  concrete 
and  metal  is  particularly  advantageous  in  the  beam,  where  both  com- 
pression and  tension  exist;  it  is  also  advantageous  in  the  coluiuu,  where 
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the  main  stresses  are  compressive,  but  where  cross-bending  may  exist. 
In  structures  resisting  lateral  forces,  it  possesses  advantages  over  plain 
concrete  in  that  it  may  be  designed  so  as  to  utilize  more  fully  the 
strength  rather  than  the  weight  of  the  material.  Metal  reinforce- 
ment may  also  be  of  value  in  distributing  cracks  due  to  shrinkage  and 
temperature  changes. 

2. — Precautions. 

Failures  of  reinforced  concrete  structures  are  usually  due  to  any 
one  or  a  combination  of  the  following  causes:  defective  design,  poor 
material,  faulty  execution,  and  premature  removal  of  forms. 

The  defects  in  a  design  may  be  many  and  various.  The  computa- 
tions and  assumptions  on  which  they  were  based  may  be  faulty  and 
contrary  to  the  established  principles  of  statics  and  mechanics ;  the  vmit 
stresses  used  may  be  excessive,  or  the  details  of  the  design  defective. 

Articulated  concrete  structures  designed  in  imitation  of  steel 
trusses,  may  be  mentioned  as  illustrating  a  questionable  use  of  rein- 
forced concrete,  and  such  structures  are  not  recommended. 

Poor  material  is  sometimes  used  for  the  concrete,  as  well  as  for 
the  reinforcement.  The  iTse  of  poor  aggregates,  especially  sand,  which 
have  not  been  tested,  is  a  common  source  of  defect.  Inferior  concrete 
is  frequently  due  also  to  lack  of  experience  on  the  part  of  the  contractor 
and  his  superintendents,  or  to  the  absence  of  proper  supervision. 

An  unsuitable  quality  of  metal  for  reinforcement  is  sometimes 
pr&scribed  in  specifications,  for  the  purpose  of  reducing  the  cost.  For 
steel  structures,  a  high  grade  of  material  is  specified,  but  the  steel  used 
for  reinforcing  concrete  is  sometimes  made  of  unsuitable,  brittle 
material. 

Faulty  execution,  careless  workmanship,  and  too  early  removal  of 
forms  may  generally  be  attributed  to  unintelligent  or  insufiicient 
supervision. 

3. — Responsibility  and  Supervision. 

The  design  of  reinforced  concrete  structures  should  receive  at  least 
the  same  careful  consideration  as  those  of  steel,  and  only  engineers 
with  sufiicient  experience  and  good  judgment  should  be  intrusted  with 
such  work. 

The  computations  should  include  all  minor  details,  which  are  some- 
times of  the  utmost  importance.  The  design  should  show  clearly  the 
size  and  position  of  the  reinforcement,  and  should  provide  for  proper 
connections  between  the  component  parts,  so  that  tliey  cannot  be  dis- 
placed. As  the  connections  between  reinforced  concrete  members  are 
frequently  a  source  of  weakness,  the  design  should  include  a  detailed 
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study  of  sucli  coiiTiections,  accoini);inicd  by  computations  to  prove  their 
strength. 

While  other  engineer! iiy  structures  on  the  safety  of  which  human 
lives  depend  are  generally  designed  by  engineers  employed  by  the 
owner,  and  the  contracts  let  on  the  engineer's  design  and  specifications, 
in  accordance  with  legitimate  practice,  reinforced  concrete  structures 
frequently  are  designed  by  contractors  or  by  engineers  commercially 
interested,  and  the  contract  let  for  a  lump  sum. 

The  construction  of  buildings  in  large  cities  is  regulated  by  ordi- 
nances or  building  laws,  and  the  work  is  inspected  by  municipal  authori' 
ties.  For  reinforced  concrete  work,  however,  the  limited  supervision 
which  municipal  inspectors  are  able  to  give  is  not  sufficient.  There- 
fore, means  for  more  adequate  supervision  and  inspection  should  be 
provided. 

The  execution  of  the  work  should  not  be  separated  from  the  design, 
as  intelligent  supervision  and  successful  execution  can  be  expected 
only  when  both  functions  are  combined.  The  engineer  who  prepares 
the  design  and  specifications,  therefore,  should  have  the  supervision  of 
the  execution  of  the  work. 

The  Committee  recommends  the  following  rules  for  structures  of 
reinforced  concrete  for  the  purpose  of  fixing  the  responsibility  and 
providing  for  adequate  supervision  during  construction : 

(a)  Before  work  is  commenced,  complete  plans  shall  be  prepared, 
accompanied  by  specifications,  stress  computations,  and  descriptions 
showing  the  general  arrangement  and  all  details.  The  plans  shall  show 
the  size,  length,  dimensions  for  points  of  bending,  and  exact  position 
of  all  reinforcement,  including  stirrups,  ties,  hooping,  and  splicing. 
The  computations  shall  give  the  loads  assumed  separately,  such  as 
dead  and  live  loads,  wind,  and  impact,  if  any,  and  the  resulting  stresses. 

(h)  The  specifications  shall  state  the  qualities  of  the  materials  to 
I'C  used  for  making  the  concrete,  and  the  manner  in  which  they  are  to 
be  proportioned. 

(c)  The  strength  which  the  concrete  is  expected  to  attain  after 
a  definite  period  shall  be  stated  in  the  specifications. 

(d)  The  drawings  and  specifications  shall  be  signed  by  the  engineer 
and  the  contractor. 

(e)  Plans  and  specifications  for  all  public  structures  should  be 
approved  by  a  legally  authorized  State  or  City  official,  and  copies  of 
such  plans  and  specifications  placed  on  file  in  his  office. 

if)  The  approval  of  plans  and  specifications  by  other  aulliorities 
shall  not  relieve  the  engineer  or  the  contractor  of  responsibility. 

((7)  Inspection  during  construction  shall  be  made  by  competent 
inspectors  employed  by  and  under  the  supervision  of  the  engineer,  and 
shall  cover  the  following: 
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1.  The  materials. 

2.  The   correct   construction   and   erection    of   the   forms   and 

the  supports. 

3.  The  sizes,  shapes,  and  arrangement  of  the  reinforcement. 

4.  The   proportioning,   mixing,   and   placing  of  the   concrete. 

5.  The    strength   of   tlie   concrete,   by   tests    of   standard    test 

pieces  made  on  the  work. 

6.  Whether   the   concrete    is   sufficiently   hardened   before   the 

forms  and  supports  are  removed. 

7.  Prevention  of  injury  to  any  part  of  the  structure  by  and 

after  the  removal  of  the  forms. 

8.  Comparison    of    dimensions    of    all    parts    of    the    finished 

structure  with   the  plans. 

(h)  Load  tests  on  portions  of  the  finished  structure  shall  be  made 
where  there  is  reasonable  suspicion  that  the  work  has  not  been  prop- 
erly performed,  or  that,  through  influences  of  some  kind,  the  strength 
has  been  impaired.  Loading  shall  be  carried  to  such  a  point  that  one 
and  three-quarters  times  the  calculated  working  stresses  in  critical 
parts  are  reached,  and  such  loads  shall  cause  no  injurious  permanent 
deformations.     Load  tests  shall  not  be  made  until  after   60   days   of 

hardening. 

4. — Destructive  Agencies. 

(a)  Corrosion  of  Metal  Beinf  or  cement. — Tests  and  experience  indi- 
cate that  steel  sufficiently  embedded  in  good  concrete  is  well  protected 
against  corrosion,  no  matter  whether  located  above  or  below  water 
level.  It  is  recommended  that  such  protection  be  not  less  than  1  in. 
in  thickness.  If  the  concrete  is  porous,  so  as  to  be  readily  permeable 
by  water,  as  when  the  concrete  is  laid  with  a  very  dry  consistency,  the 
metal  may  corrode  on  account  of  the  presence  of  moisture  and  air. 

(h)  Electrolysis. — The  most  recent  experimental  data  available  on 
this  subject  seem  to  show  that  while  reinforced  concrete  structures 
may,  under  certain  conditions,  be  injured  by  the  flow  of  electric  cur- 
rent in  either  direction  between  the  reinforcing  material  and  the  con- 
crete, such  injury  is  generally  to  be  expected  only  whore  voltages  are 
considerably  higher  than  those  which  usually  occur  in  concrete 
structures  in  practice.  If  the  iron  be  positive,  trouble  may  manifest 
itself  by  corrosion  of  the  iron  accompanied  by  cracking  of  the  con- 
crete, and,  if  the  iron  be  negative,  there  may  be  a  softening  of  the 
concrete  near  the  surface  of  the  iron,  resulting  in  a  destruction  of 
the  bond.  The  former,  or  anode  effect,  decreases  much  more  rapidly 
than  the  voltage,  and  almost  if  not  quite  disappears  at  voltages  that 
are  most  likely  to  be  encountered  in  practice.  The  cathode  effect,  on 
the  other  hand,  takes  place  even  on  very  low  voltages,  and  is  therefore 
more  important  from  a  practical  standpoint  than  that  of  the  anode. 

Structures  containing  salt  or  calcium  chloride,  even  in  very  small 
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i|ii;inl  it  ic^.  ;in'  \cry  iiiin-li  iiKirc  >iiscc|it  il>lc  t<i  llic  ('(Vccls  of  electric 
ciirrt'iils  tliiiii  iioniijil  (•(iiici'ctc,  linih  the  jiuudc  juid  cntliotle  effects 
|iri>j;'i'cssiiiji-  luiii-li  more   r.i|iiill\    in   the  pic^cin-c  of  t-lildrinc. 

'I'liirc  i-  i;rc;it  wciiilii  n\'  rviilcnrc  in  sliow  iliiit  iKii'iiiiil  reinforced 
<'tiiuT('Ic  >l  nicl  nrcs  iVci'  I'i'miii  s;ilt  iirc  in  vrvy  littU;  danger  under  most 
pract  icnl  cnndilidn-.  while  iinn-rcinlOi-ccd  (•(nirrcto  structures  are  prac- 
tically   iniiiiinif  trmii  clt'cl  nil\sis  ti'oulilcs. 

llif  results  iif  e.\iierimeiit<  now  in  |)i'(i.iiress  may  yield  more  con- 
(_'l\isi\-e   inl'ernial  iun    on   this   snhjeet. 

((■)  Sen  Wilier. — The  data  available  eoneerning  the  effect  of  sea 
water  on  eonerete  or  reinforced  conci'ete  are  limited  and  inconclusive. 
Sea  walls  out  i<\'  the  i-ange  of  frost  action  have  been  standing  for  many 
years  without  aiipaniit  injury.  In  many  harbors  where  the  water 
is  brackish,  through  rivers  discharging  into  them,  serious  disintegra- 
tion has  taken  place.  This  has  occurred  chieHy  between  low  and  high 
tide  levels,  and  is  due,  eviilently,  in  i)art  to  frost.  Chemical  action 
also  appears  to  be  indicatetl  by  the  softening  of  the  mortar.  To  effect 
the  best  resistance  to  sea  water,  the  concrete  must  be  proportioned, 
n)i.xed.  and  placed  so  as  to  pri'veiit  the  penetration  of  sea  water  into 
the  mass  or  through  the  joints.  The  cement  should  be  of  such  chemi- 
cal composition  as  will  best  resist  the  action  of  sea  water;  the  aggre- 
gates should  be  carefully  selected,  graded,  and  proportioned  with 
the  cement  so  as  to  secure  the  maximum  possible  density;  the  concrete 
-hould  be  thoroughly  mixed;  the  joints  between  old  and  new  work 
-hould  be  made  water-tight;  and  the  concrete  should  be  kept  from 
exposure  to  sea  water  until  it  is  thoroughly  hard  and  impervious. 

(d)  Acids. — Concreti-  of  tirst-class  quality,  thoroughly  hardened, 
is  affected  appreciably  only  by  strong  acids  wdiicli  seriously  injure 
other  materials.  A  sulwtance  like  manure  is  injurious  to  green 
concrete,  but  after  the  concrete  has  hardened  thoroughly  it  resists 
the   action   of   such    acid   satisfactorily. 

((')  Oih. — When  concrete  is  propei'ly  made  and  the  surface  is 
carefully  finished  and  hai-<Iened,  it  resists  tlii'  action  of  such  mineral 
oils  as  i)etroleum  and  ordinary  engine  oils.  Oils  wdiich  contain  fatty 
acids  jiroduce  injurious  effects,  forming  compounds  with  the  lime  wdiich 
result  ill  a  disintegration  of  the  concrete  in  contact  with  them. 

(/)  Alkalies. — The  action  of  alkalies  on  concrete  is  problematical, 
in  the  reclamation  of  arid  land,  where  the  soil  is  heavily  charged  with 
alkaline  salts,  it  has  been  found  that  concrete,  stone,  brick,  iron,  and 
other  materials  are  injured  under  certain  conditions.  It  would  seem 
that  at  the  level  of  tin;  ground-water,  in  an  extremely  dry  atuKJSphere, 
such  structures  are  disintegrated,  through  the  rapid  crystallization  of 
the  alkaline  salts,  resulting  from  the  alternate  wetting  and  drying 
of  the  surface.  Such  destructive  action  can  be  prevented  by  the  use 
of  a  protective  coating,  and  is  minimized  by  securing  a  dense  concrete. 
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III.    Materials. 

A  knowledge  of  the  properties  of  the  materials  entering  into  con- 
crete and  reinforced  concrete  is  the  first  essential.  The  importance 
of  the  quality  of  the  materials  used  cannot  be  overestimated,  and  not 
only  the  cement  but  also  the  aggregates  should  be  subject  to  such 
definite  requirements  and  tests  as  will  insure  concrete  of  the  desired 
quality. 

1. — Cement. 

There  are  available  for  construction  purposes :  Portland,  Natural, 
and  Puzzolan  or  Slag  cements.  Only  Portland  cement  is  suitable  for 
reinforced  concrete. 

(a)  Portland  Cement.- — This  is  the  finely  pulverized  product  re- 
sulting from  the  calcination  to  incipient  fusion  of  an  intimate  mix- 
ture of  properly  proportioned  argillaceous  and  calcareous  materials. 
It  has  a  definite  chemical  composition  varying  within  comparatively 
narrow  limits. 

Portland  cement  should  be  used  in  reinforced  concrete  construc- 
tion and  any  construction  that  will  be  subject  to  shocks  or  vibrations 
or  stresses  other  than  direct  compression. 

(&)  Natural  Cement. — This  is  the  finely  pulverized  product  result- 
ing from  the  calcination  of  an  argillaceous  limestone  at  a  temperature 
only  sufficient  to  drive  off  the  carbonic  acid  gas.  Although  the  lime- 
stone must  have  a  certain  composition,  this  composition  may  vary 
within  much  wider  limits  than  in  the  case  of  Portland  cement.  Natural 
cement  does  not  develop  its  strength  as  quickly,  nor  is  it  as  uniform 
in  composition,   as  Portland  cement. 

Natural  cement  may  be  used  in  massive  masonry  where  weight 
rather  than  strength  is  the  essential  feature. 

Where  economy  is  the  governing  factor,  a  comparison  may  be  made 
between  the  use  of  natural  cement  and  a  leaner  mixture  of  Portland 
cement  that  will  develop  the  same  strength. 

(c)  Puzzolan  or  Slag  Cement. — This  is  the  finely  pulverized 
product  resulting  from  grinding  a  mechanical  mixture  of  granulated 
basic  blast  furnace  slag  and  hydrated  lime. 

Puzzolan  cement  is  not  nearly  as  strong,  uniform,  or  reliable  as 
Portland  or  natural  cement,  is  not  used  extensively,  and  never  in 
important  work;  it  should  be  used  only  for  foundation  work  under- 
ground where  it  is  not  exposed  to  air  or  running  water. 

(d)  Specifications. — The  cement  should  meet  the  requirements  of 
the  Standard  Methods  of  Testing  and  Specifications  for  Cement  (see 
Appendix,  p.  158),  or  as  may  be  hereafter  amended,  the  result  of  the 
joint  labors  of  Special  Committees  of  the  American  Society  of  Civil 
Engineers,  American  Society  for  Testing  Materials,  American  Eailway 
Engineering   Association,   and   others. 
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2. — Aggregates. 

Extreme  care  should  be  exercised  in  selecting  the  aggregates  for 
mortar  and  concrete,  and  careful  tests  made  of  the  materials  for  the 
purpose  of  determining  their  qualities  and  the  grading  necessary  to 
secure  maximum  density*  or  a  minimum  percentage  of  voids. 

(a)  Fine  Aggregate. — This  should  consist  of  sand,  crushed  stone,  or 
gravel  screenings,  graded  from  fine  to  coarse,  and  passing  when  dry 
a  screen  having  holes  \  in.  in  diameter;  it  is  preferable  that  it  be  of 
silicious  material,  and  should  be  clean,  coarse,  free  from  dust,  soft 
particles,  vegetable  loam,  or  other  deleterious  matter;  and  not  more  than 
6%  should  pass  a  sieve  having  100  meshes  per  lin.  in.  Fine  aggregates 
should  always  be  tested. 

Fine  aggregate  should  be  of  such  quality  that  mortar  composed 
of  one  part  Portland  cement  and  three  parts  fine  aggregate  by  weight, 
when  made  into  briquettes,  will  show  a  tensile  strength  at  least  equal 
to  the  strength  of  1:3  mortar  of  the  same  consistency  made  with  the 
same  cement  and  standard  Ottawa  sand.f  If  the  aggregate  be  of 
poorer  quality,  the  proportion  of  cement  in  the  mortar  should  be  in- 
creased to  secure  the  desired  strength. 

If  the  strength  developed  by  the  aggregate  in  the  1 :  3  mortar  is 
less  than  70%  of  the  strength  of  the  Ottawa  sand  mortar,  the  material 
should  be  rejected.  To  avoid  the  removal  of  any  coating  on  the  grains, 
which  may  affect  the  strength,  bank  sands  should  not  be  dried  before 
being  made  into  mortar,  but  should  contain  natural  moisture.  The 
percentage  of  moisture  may  be  determined  on  a  separate  sample  for 
correcting  weight.  From  10  to  40%  more  water  may  be  required  in 
mixing  bank  or  artificial  sands  than  for  standard  Ottawa  sand  to  pro- 
duce the  same  consistency. 

(h)  Coarse  Aggregate.- — This  should  consist  of  crushed  stone  or 
gravel  which  is  retained  on  a  screen  having  holes  \  in.  in  diameter, 
and  graded  from  the  smallest  to  the  largest  particles;  it  should  be 
clean,  hard,  durable,  and  free  from  all  deleterious  matter.  Aggregates 
containing  dust,  and  soft,  flat,  or  elongated  particles,  should  be  excluded 
from  important  structures. 

The  maximum  size  of  the  coarse  aggregate  is  governed  bj^  the  char- 
acter of  the  construction. 

For  reinforced  concrete  and  for  small  masses  of  unreinforeed  con- 
crete, the  aggregate  must  be  small  enough  to  produce  with  the  mortar 
a  homogeneous  concrete  of  viscous  consistency  which  will  pass  readily 

•a  convenient  copffloient  of  density  is  the  ratio  of  the  sum  of  the  volumes  of  materials 
contained  in  a  unit  volume  to  the  total  unit  volume. 

+  A  natural  sand  obtained  at  Ottawa.  III.,  passing  a  screen  havintr  20  meshes  and  re- 
tained on  a  screen  having  30  nieshes  per  lin.  in.:  prepared  and  furnished  bv  the  Ottawa 
Silica  Company,  for  2  cents  per  lb.,  f.  o.  b.  cars.  Ottawa.  III.,  under  the  direction  of  the 
Special  Committee  on  Uniform  Tests  of  Cement  of  the  American  Society  of  Civil  Engineers, 
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between  and  cnsily  siirniiiiid  \]\c  reinforconieiit  and  fill  all  ])arts  of  the 
forms;. 

For  coneretc  in  large  masses,  the  size  of  the  eoarse  aggri'egate  may 
be  increased,  as  a  large  aggregate  ])rodnces  a  stronger  concrete  than 
a  fine  one,  althongh  it  shonld  be  noted  that  the  danger  of  separation 
from  the  mortar  becomes  greater  as  the  size  of  the  coarse  aggregate 
increases. 

Cinder  concrete  shonld  not  be  used  for  reinforced  concrete  strnc- 
tures.  It  may  be  allowable  in  mass  for  very  light  loads  or  for  fire 
l)rotection  purposes.  The  cinders  nsed  shonld  be  composed  of  hard, 
clean,  vitreous  clinker,  free  froiu  sul])hides,  unburned  coal,  or  ashes. 

.">.— Water. 

The  water  iised  in  mixing  Cducrcte  shoidd  be  free  from  oil,  acid, 
alkalies,  or  org-anic  matter. 

4. — Metal  Reinforcement. 

The  Committee  recommends,  as  a  suitable  material  for  reinforce- 
ment, steel  filling  the  reciuirements  for  structural  steel  reinforcement 
of  the  specifications  ado])ted  by  tlie  American  Kailway  Eng'ineerlng 
Association   (Ap]>endix,  p.  Kit). 

Where  little  bending  or  shaping  is  required,  and  also  for  reinforce- 
ment for  shrinkage  and  temperature  stresses,  material  filling  the 
r('(iuirements  of  the  specifications  adopted  by  the  American  Railway  En- 
gineering Association  for  high-carbon  steel  (Appendix,  p.  161)  may  be 
used,  ado])ting  the  same  unit  stress  as  hereinafter  recommended  for 
structural  grade  materiaL 

For  the  reinforcement  of  slabs,  small  beams,  or  minor  details,  or 
for  reinforcement  for  shrinkage  and  temperature  stresses,  wii'e  drawn 
from  bars  of  the  grade  of  rivet  steel  may  he  used,  with  the  \niit  stresses 
hei'einafter  recommended. 

The  reinforcement  should  he  free  from  excessive  rust,  scale,  or 
coatings  of  any  character  which  would  tend  to  reduce  or  destroy  the 
bond. 

IV.     PKKi'AinNc  AM)  Placlxc;  Murtar  AM)  Concrete. 
1. — Proportions. 

The  materials  to  be  used  in  concrete  should  be  carefully  selected. 
ol  uniform  quality,  and  proportioned  with  a  view  to  securing  as  nearly 
as  i)ossible  a  maximum  density. 

('/)  Unit  of  Measure. — The  unit  of  measure  should  be  the  cubic 
foot.  A  bag-  of  cement,  containing  !H  lb.  net,  should  be  considered 
the  equivalent  of  1  cu.  ft. 

Tlie  measurement  of  the  fine  and  coarse  aggregates  should  be  by 
loose  volum(\ 
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(/()  Uclnlnni  of  /■'nic  dinl  Cndrsc  A  '/(/rcf/iil c^.  The  Wwi:  ;iih]  coarse 
;io-^n>fiatc  slimild  lie  nsrd  in  -^lu-li  relative  ])r<)p(irl  ions  as  will  insure 
niaxiiiuini  dcii^ily.  in  iinini]ioi'laiil  wni'k  il  is  siifticioiit  to  do  ihis  by 
iiidividnal  jnd.iiiiinit.  iisiiiii'  ('(irrc-poudiniily  liiiiiicr  pnipdrt  ions  of 
ccnicnr;  I'm-  inipniMant  woi'k  tlii-i'  |iiu|Hirt  ions  should  he  carefully 
determined  hy  density  expei-inienis,  and  the  sizing  of  the  fine  and 
coarse  agiiregates  should  he  uuifoi-ndy  maintained  or  (lie  i»roportinn-: 
cliaufied  to  meet  the  varyinpr  sizes. 

(c)  lielation  of  Ccnwiil  /iik]  A  ntjrcf/alcs.- — For  reinforced  concrete 
construction,  one  jiart  of  cement  to  a  total  of  six  parts  of  fine  and 
coarse  aggrejiates  measured  -eparately  sluudd  generally  he  used.  For 
columns,  riehei-  mixtures  are  generall.y  i)referahle,  and  in  massive 
masonry  or  inMde  concrete,  a  mixture  of  1  :  9  or  even  1  :  12  luay  be 
used. 

These  proportions  should  he  determined  hy  the  strength  or  the  wear- 
ing qualities  reipnred  in  the  construction  at  the  critical  period  of  its 
use.  Experienced  judgment  based  on  individual  observation  and  tests 
of  similar  conditions  in  similar  localities  is  an  excellent  guide  as  to  the 
projier  i)roportions  for  any  i)articular  case. 

For  all  important  construction,  advance  tests  should  be  made  of 
concrete,  of  tlu>  nuiterials.  i)roportions,  and  consistency  to  be  used  in 
the  work.  These  tests  should  he  nuide  under  laboratory  conditions  to 
obtain  uniforuut.v  in  mixing,  proportioning,  and  storage,  and  in  ease 
the  results  do  not  conform  to  the  requirements  of  the  work,  aggregates 
of  a  better  quality  should  be  chosen,  or  richer  pi'oportions  used  to 
obtain   the  desired  results. 

2. — ^fixing. 

The  ingredients  of  concrete  should  be  thoroughly  mixed,  and  the 
mixing  should  continue  until  the  cement  is  uniformly  distributed  and 
the  mass  is  uniform  in  color  and  homogeneous.  As  the  maximum 
density  and  greatest  strength  of  a  given  mixture  depend  largely  on 
thorough  and  enmiilete  nnxing.  it  is  essential  that  the  work  of  mixing 
should   receive   s))ecial   attention   and   care. 

Inasnnu'h  as  it  is  difficult  to  d(>termine,  h.v  vismd  inspection. 
whether  the  concrete  is  uniforml.y  mixed,  especially  where  limestone 
or  aggregates  having  the  color  of  cemcMit  are  tised.  it  is  essential  that 
the  mixing  should  occupy  a  definite  ])eriod  of  time.  The  minimum 
time  will  depend  on  whether  the  mixing  i.s  done  by  machine  or  hand. 

('0  ]\fefisiirl)u/  hiqrediculs. — ^lethods  of  measurement  of  the  pro- 
portions of  the  various  ingredients  should  he  used  which  will  secure 
separate  and  uniform  measurements  of  cement,  tine  aggregate,  coarse 
aggregate,  and  water,  at  all  times. 

{h)  Mdclunc  M txiiKj.-  \\\u'\\  the  conditions  will  permit,  a  machine 
mixer    of    a    type    which     insures    ih..     iiniJMrni     pruportioning    of    the 
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materials  throughout  the  mass  should  be  used,  as  a  more  uniform  con- 
sistency can  be  thus  obtained.  The  mixing  should  continue  for  a 
minimum  time  of  at  least  1  min.  after  all  the  ingredients  are  assembled 
in  the  mixer. 

(c)  Hand  Mixing. — When  it  is  necessary  to  mix  by  hand,  the  mix- 
ing should  be  on  a  water-tight  platform,  and  especial  precautions  should 
be  taken  to  turn  all  the  ingredients  together  at  least  six  times  and 
until  they  are  homogeneous  in  appearance  and  color. 

{d)  Consistency. — The  materials  should  be  mixed  wet  enough  to 
produce  a  concrete  of  such  a  consistency  as  will  flow  into  the  forms 
and  about  the  metal  reinforcement  when  used,  and  which,  at  the  same 
time,  can  be  conveyed  from  the  mixer  to  the  forms  without  separation 
of  the  coarse  aggregate  from  the  mortar. 

(e)  Betempering. — Mortar  or  concrete  should  not  be  remixed  with 
water  after  it  has  partly  set. 

3. — Placing  Concrete. 

(a)  Methods.- — Concrete,  after  the  completion  of  the  mixing,  should 
be  handled  rapidly,  and  in  as  small  masses  as  is  practicable,  from  the 
place  of  mixing  to  the  place  of  final  deposit,  and  under  no  circum- 
stances should  concrete  be  used  that  has  partly  set.  A  slow-setting 
cement  should  be  used  when  a  long  time  is  likely  to  occur  between 
mixing  and  placing. 

Concrete  should  be  deposited  in  such  a  manner  as  will  permit  the 
most  thorough  compacting,  such  as  can  be  obtained  by  working  with 
a  straight  shovel  or  slicing  tool  kept  moving  up  and  down  until  all 
the  ingredients  have  settled  in  their  proper  places  by  gravity,  and  the 
surplus  water  has  been  forced  to  the  surface.  Special  care  should  be 
exercised  to  prevent  the  formation  of  laitance,  which  hardens  very 
slowly  and  forms  a  poor  surface  on  which  to  deposit  fresh  concrete.  All 
laitance  should  be  removed. 

Before  depositing  concrete,  the  reinforcement  should  be  carefully 
placed  in  accordance  with  the  i^lans,  and  adequate  means  provided  to 
hold  it  in  its  proper  position  until  the  concrete  has  been  deposited  and 
compacted;  care  should  be  taken  to  see  that  the  forms  are  substantial 
and  thoroughly  wetted  (except  in  freezing  weather)  or  oiled,  and  that 
the  space  to  be  occupied  by  the  concrete  is  free  from  debris.  When  the 
placing  of  concrete  is  siispended,  all  necessary  grooves  for  joining  future 
work  should  be  made  before  the  concrete  has  had  time  to  set. 

When  work  is  resumed,  concrete  previously  placed  should  be 
roughened,  thoroughly  cleansed  of  foreign  material  and  laitance,  thor- 
oughly wetted,  and  then  slushed  with  a  mortar  consisting  of  one  part 
Portland  cement  and  not  more  than  two  parts  fine  aggregate. 

The  faces  of  concrete  exposed  to  premature  drying  should  be  kept 
wet  for  a  period  of  at  least  7  days. 
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(h)  Freezing  Weallicr. — Concrete  should  not  be  mixed  or  deposited 
at  a  freezing  temperature,  unless  special  precautions  are  taken  to  avoid 
the  use  of  materials  covered  with  ice  crystals  or  containing  frost,  and 
to  provide  means  to  prevent  the  concrete  from  freezing  after  being 
placed  in  position  and  \intil  it  has  thoroughly  hardened. 

As  the  coarse  aggregate  forms  the  greater  portion  of  the  concrete, 
it  is  particularly  important  that  this  material  be  heated  to  well  above 
the  freezing  point. 

(c)  Buhhle  Concrete. — Where  the  concrete  is  to  be  deposited  in 
massive  work,  its  value  may  be  improved  and  its  cost  materially  re- 
duced by  the  use  of  clean  stones  thoroughly  embedded  in  the  concrete 
as  near  together  as  is  possible  and  still  entirely  surrounded  by  concrete. 

(d)  Under  Water. — In  placing  concrete  under  water,  it  is  essential 
to  maintain  still  water  at  the  place  of  deposit.  The  use  of  tremies, 
properly  designed  and  operated,  is  a  satisfactory  method  of  placing  con- 
crete through  water.  The  concrete  should  be  mixed  very  wet  (more  so 
than  is  ordinarily  permissible)  so  that  it  will  flow  readily  through  the 
tremie  and  into  the  place  with  practically  a  level  surface. 

The  coarse  aggregate  should  be  smaller  than  ordinarily  used,  and 
never  more  than  1  in.  in  diameter.  The  use  of  gravel  facilitates  mixing 
and  assists  the  flow  of  concrete  through  the  tremie.  The  mouth  of  the 
tremie  should  be  buried  in  the  concrete  so  far  that  it  is  at  all  times 
entirely  sealed  and  the  surrounding  water  prevented  from  forcing  itself 
into  the  tremie;  the  concrete  will  then  discharge  without  coming  in 
contact  with  the  water.  The  tremie  should  be  suspended  so  that  it  can 
be  lowered  quickly  when  it  is  necessary  either  to  choke  off  or  prevent 
too  rapid  flow;  the  lateral  flow  should  preferably  be  not  more  than 
15  ft. 

The  flow  should  be  continuous,  in  order  to  produce  a  monolithic 
mass  and  prevent  the  formation  of  laitance  in  the  interior. 

In  large  structures  it  may  be  necessary  to  divide  the  mass  of  con- 
crete into  several  small  compartments  or  units,  filling  one  at  a  time. 
With  proper  care,  it  is  possible  in  this  manner  to  obtain  as  good  results 
under  water  as  in  the  air. 

V.    Forms. 

Forms  should  be  substantial  and  unyielding,  so  that  the  concrete 
shall  conform  to  the  designed  dimensions  and  contours ;  and  they  should 
be  tight  in  order  to  prevent  the  leakage  of  mortar. 

The  time  for  removal  of  forms  is  one  of  the  most  important  steps  in 
the  erection  of  a  structure  of  concrete  or  reinforced  concrete.  Care 
should  be  taken  to  inspect  the  concrete  and  ascertain  its  hardness  before 
removing  the  forms. 

80  many  conditions  affect  the  hardening  of  concrete  that  the  proper 
time  for  the  removal  of  the  forms  should  be  decided  by  some  competent 
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and  responsible  person,  especially  where  the  atmospheric  conditions  are 
unfavorable. 

It  may  be  stated  in  a  general  way  that  forms  should  remain  in  place 
longer  for  reinforced  concrete  than  for  plain  or  massive  concrete,  and 
that  forms  for  floors,  beams,  and  similar  horizontal  structures  should 
remain  in  place  much  longer  than  for  vertical  walls. 

When  the  concrete  gives  a  distinctive  ring  under  the  blow  of  a 
hammer,  it  is  generally  an  indication  that  it  has  hardened  sufficiently 
to  permit  the  removal  of  the  forms  with  safety.  If,  however,  the  tem- 
perature is  such  that  there  is  any  possibility  that  the  concrete  is  frozen, 
this  test  is  not  a  safe  reliance,  as  frozen  concrete  may  appear  to  be 
very  hard. 

VI.     Details  of  Coxstruction. 

1. — Joints. 

(a)  Concrete. — For  concrete  construction  it  is  desirable  to  cast  the 
entire  structure  at  one  operation,  but  as  this  is  not  always  possible,  espe- 
cially in  large  structures,  it  is  necessary  to  stop  the  work  at  some  con- 
venient point.  This  point  should  be  selected  so  that  the  resulting  joint 
may  have  the  least  possible  effect  on  the  strength  of  the  structure.  It 
is  therefore  recommended  that  the  joints  in  columns  be  made  flush  with 
the  lower  side  of  the  girders;  that  the  joints  in  girders  be  at  a  point 
midway  between  supports,  but  should  a  beam  intersect  a  girder  at  this 
point,  the  joint  should  be  offset  a  distance  equal  to  twice  the  width  of  the 
beam;  that  the  joints  in  the  members  of  a  floor  system  should  in  general 
be  made  at  or  near  the  center  of  the  span. 

Joints  in  columns  should  be  perpendicular  to  the  axis  of  the  column, 
and  in  girders,  beams,  and  floor  slabs  perpendicular  to  the  plane  of 
their  surfaces. 

Girders  should  never  be  constructed  over  freshly  formed  columns 
without  permitting  a  period  of  at  least  2  hours  to  elapse,  thus  providing 
for  settlement  or  shrinkage  in  the  columns. 

Shrinkage  and  contraction  joints  may  be  necessary  in  concrete  sub- 
ject to  great  fluctuations  in  temperature.  The  frequency  of  these  joints 
will  depend,  first,  on  the  range  of  temperature  to  which  the  concrete  will 
be  subjected,  and  second,  on  the  quantity  and  position  of  the  reinforce- 
ment. These  joints  should  be  determined,  and  provided  for  in  the  de- 
sign. In  massive  work,  such  as  retaining  walls,  abutments,  etc.,  built 
without  reinforcement,  contraction  joints  should  be  provided  at  in- 
tervals of  from  25  to  50  ft.  and  with  reinforcement  from  50  to  SO  ft. 
(the  smaller  the  height  and  thickness,  the  closer  the  spacing)  through- 
out the  length  of  the  structure.  To  provide  against  the  structure  being 
thrown  out  of  line  by  unequal  settlement,  each  section  of  the  wall  should 
be  tongued  and  grooved  into  the  adjoining  section.  A  groove  should 
be  formed  in  the  surface  of  the  concrete  at  vertical  joints  in  walls  or 
abutments. 
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Sliriiikiii^c  iiml  cont  rucl  inn  jnir.ts  should  lie  luliriciitrd  hy  eithor 
Mil  apiilic.il  imi  m|  |)c|  ri'lciiiii  I'csidiniii!  oil  or  ;i  siinilar  iiiat(M'iiil.  so  n^< 
to  jn'i'iuit  ;i  tree  niovciiicn I  ;it  llic  joinl  when  tlio  cniif^rete  expands  or 
colli  raci  <. 

Tlio  iii<frlion  o|  ;i  -heel  of  copper  or  zinc,  or  even  tarred  paper, 
will  he  loiind  ;id\:nit;i,L;i'ons  in  seenriiii;-  expansion  and  contraction  at 
the  j(»iiit. 

(/))  H('nif()rcr)nriif. — Wherever  it  is  necessary  to  splice  tension 
reinforceineiii.  the  lenylh  ol'  Inp  -honld  he  determined  on  the  basis  of 
th(>  safe  hoiid  stre>s.  ihe  >ires>  in  the  har,  and  the  shearing'  resistance 
of  the  concrete  at  the  point  of  ~.plice;  or  a  connection  should  he  made 
hetween  the  hni-s  of  sntlieient  strenf>th  to  carry  the  stress.  Splices  at 
points  of  inaxinimn  sti'ess  should  he  avoided.  In  columns,  bars  more 
than  ■,'  in.  in  diameter,  not  subject  to  tension,  shoTild  be  properly 
squared  and  hutted  in  a  suitable  sleeve;  smaller  bars  may  be  treated 
as  indicated  for  tension  reinforceinent,  or  the  stress  may  be  cared  for 
by  embedment  in  larii-e  masses  of  concrete.  At  foundations,  bearing 
jilates  should  he  pro\ide(l  for  sniijiorl  ing  the  bars,  or  the  bars  may  be 
carried  into  the  footing  a  sufficient  distance  to  transmit  the  stress  of 
the  steel  to  the  concrete  hy  means  of  the  bearing  and  bond  resistance; 
in  no  case  shall  the  ends  of  the  bars  he  permitted  nieroly  to  rest  on 
concrete. 

2. — Shrinkage  and  'reiiiix-raf nre  Changes. 

Shrinkage  of  concrete,  due  to  hardening  and  contraction  from 
temperature  changes,  causes  cracks  the  size  of  which  depends  on  the 
extent  of  the  mass.  The  resulting  stresses  are  important  in  monolithic 
construction,  and  should  he  considered  carefully  by  the  designer;  they 
cannot  be  counteracted  successfully,  but  the  effects  can  be  minimized. 

J.arge  cracks,  produced  hy  (juick  hardening  or  wide  ranges  of  tem- 
perature, can  bo  broken  up  to  some  extent  into  small  cracks  by  placing 
reinforcement  in  the  eoncreie;  in  long  continuous  lengths  of  concrete, 
it  is  better  to  provide  ^hriukag<'  joints  at  points  in  the  structure  where 
they  will  do  little  or  no  hai-iu.  Reinforcement  is  of  assistance,  and 
permits  longer  distances  Ix^tweeii  shrinkage  joints  than  when  no  rein- 
forcement is  used. 

Small  masses  <ir  thin  bodies  of  concrete  should  not  be  joined  to 
larger  or  thicker  masses  \\it[iout  i)ro\iding  for  shrinkage  at  such  points. 
Fillets  similar  to  iho^e  used  in  metal  castings,  but  of  larger  dimen- 
sions, for  gradually  reducing  from  I  he  thicker  to  the  thinner  body,  are 
of  advantage. 

Shrinkage  cracks  an-  likely  to  occur  al  p(jints  where  fresh  concrete 
is  joined  to  that  which  is  set.  and  hence,  in  placing  the  concrete,  con- 
struction joints  should  be  made  on  horizontal  and  vertical  lines,  and, 
if  possible,  at  ytoints  where  joints  would  naturally  occur  in  dimension- 
stone  masonry. 
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3. —Fire-Proofing. 

The  actual  fire  tests  of  concrete  and  reinforced  concrete  have  been 
limited,  but  experience,  together  with  the  results  of  tests  thus  far  made, 
indicates  that  concrete,  on  account  of  its  low  rate  of  heat  conductivity 
and  the  fact  that  it  is  incombustible,  may  be  used  safely  for  fire- 
proofing  purposes. 

The  dehydration  of  concrete  probably  begins  at  about  500°  Fahr., 
and  is  completed  at  about  900°  Fahr.,  but  experience  indicates  that  the 
volatilization  of  the  water  absorbs  heat  from  the  surrounding  mass, 
which,  together  with  the  resistance  of  the  air  cells,  tends  to  increase 
the  heat  resistance  of  the  concrete,  so  that  the  process  of  dehydration  is 
very  much  retarded.  The  concrete  that  is  actually  affected  by  fire 
remains  in  position  and  affords  protection  to  the  concrete  beneath  it. 

The  thickness  of  the  protective  coating  required  depends  on  the 
probable  duration  of  a  fire  which  is  likely  to  occur  in  the  structure, 
and  should  be  based  on  the  rate  of  heat  conductivity.  The  question  of 
the  conductivity  of  concrete  is  one  which  requires  further  study  and 
investigation  before  a  definite  rate  for  different  classes  of  concrete  can 
be  fully  established.  However,  for  ordinary  conditions,  it  is  recom- 
mended that  the  metal  in  girders  and  columns  be  protected  by  a  mini- 
mum of  2  in.  of  concrete;  that  the  metal  in  beams  be  protected  by  a 
minimum  of  1^  in.  of  concrete;  and  that  the  metal  in  floor  slabs  be 
protected  by  a  minimum  of  1  in.  of  concrete. 

It  is  recommended  that,  in  monolithic  concrete  columns,  the  con- 
crete to  a  depth  of  li  in.  be  considered  as  protective  covering,  and  not 
included  in  the  effective  section. 

It  is  recommended  that  the  corners  of  columns,  girders,  and  beams 
be  beveled  or  rounded,  as  a  sharp  corner  is  more  seriously  affected  by 
fire  than  a  round  one. 

4. — Water-Proofing. 

Many  expedients  have  been  vised  to  render  concrete  impervious  to 
water  under  normal  conditions,  and  also  under  pressure  conditions 
that  exist  in  reservoirs,  dams,  and  conduits  of  various  kinds.  Experi- 
ence shows,  however,  that  where  mortar  or  concrete  is  proportioned 
to  obtain  the  greatest  practicable  density  and  is  mixed  to  a  rather  wet 
consistency,  the  resulting  mortar  or  concrete  is  impervious  under  mod- 
erate pressure. 

A  concrete  of  dry  consistency  is  more  or  less  pervious  to  water,  and 
compounds  of  various  kinds  have  been  mixed  with  the  concrete,  or 
applied  as  a  wash  to  the  surface  for  the  purpose  of  making  it  water- 
tight. Many  of  these  compounds  are  of  but  temporary  value,  and  in 
time  lose  their  power  of  imparting  impermeability  to  the  concrete. 

In  the  case  of  subways,  long  retaining  walls,  and  reservoirs,  pro- 
vided the  concrete  itself  is  impervious,  cracks  may  be  so  reduced  by 
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horizontal  and  vertical  reinforcement  properly  proportioned  and  located, 
that  thoy  are  too  mimitc  to  permit  lonkapfo,  or  are  soon  closed  by  infil- 
tration of  silt. 

Coal-tar  preparations,  ai)])lie(l  either  as  a  mastic  or  as  a  coating  on 
felt  or  cloth  fabric,  are  used  for  water-proofing,  and  should  be  proof 
iigainst  injur}'  by  liiiuids  or  gases. 

For  retaining  and  similar  walls  in  direct  contact  with  the  earth, 
the  application  of  one  or  two  coatings  of  hot  coal-tar  pitch  to  the 
flioroughly  dried  surface  of  concrete  is  an  efficient  method  of  prevent- 
ing the  penetration  of  moisture  from  the  earth. 

5. — Surface  Finish. 

Concrete  is  a  material  of  an  individual  type,  and  should  not  be  used 
in  imitation  of  other  structural  materials.  One  of  the  important  prob- 
lems connected  with  its  use  is  the  character  of  the  finish  of  exposed 
surfaces.  The  finish  of  the  surface  should  be  determined  before  the 
concrete  is  placed,  and  the  work  should  be  conducted  so  as  to  make 
possible  the  finish  desired.  For  many  forms  of  construction  the  natural 
surface  of  the  concrete  is  unobjectionable,  but  frequently  the  marks  of 
the  boards  and  the  flat  dead  surface  are  displeasing,  making  some 
special  treatment  desirable.  A  treatment  of  the  surface,  either  by 
scrubbing  it  while  green  or  by  tooling  it  after  it  is  hard,  which 
removes  the  film  of  mortar  and  brings  the  aggregates  of  the  concrete 
into  relief  is  frequently  used  to  remove  the  form  markings,  break  the 
monotonous  appearance  of  the  surface,  and  make  it  more  pleasing. 
The  plastering  of  surfaces,  as  ordinarily  applied,  should  be  avoided, 
for,  even  if  carefully  done,  it  is  likely  to  peel  off  under  the  action  of 
frost   or   temperature   changes. 

VII.    Design. 
1. — Massive    Concrete. 

In  the  design  of  massive  or  plain  concrete,  no  account  should  be 
taken  of  the  tensile  strength  of  the  material,  and  sections  should 
usually  be  proportioned  so  as  to  avoid  tensile  stresses,  except  in  slight 
amounts  to  resist  indirect  stresses.  This  will  generally  be  accom- 
plished, in  the  case  of  rectangular  shapes,  if  the  line  of  pressure  is 
kept  within  the  middle  third  of  the  section,  but,  in  very  large  structures, 
-uch  as  high  masonry  dams,  a  more  exact  analysis  may  be  required. 
Structures  of  massive  concrete  are  able  to  resist  unbalanced  lateral 
forces  by  reason  of  their  weight,  hence  the  element  of  weight  rather 
than  strength  often  determines  the  design.  A  relatively  cheap  and 
weak  concrete,  therefore,  -will  often  be  suitable  for  massive  concrete 
structures. 

It  is  desirable,  generally,  to  provide  joiiits  at  intervals,  to  localize 
the  effect  of  contraction. 
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Massive  c-uiicretc  is  suitjiblc  for  dams,  retaining  walls,  and  piers 
and  short  columns  in  wliieli  the  ratio  of  length  to  least  width  is 
relatively  small.  Under  ordinary  conditions,  this  ratio  should  not  ex- 
ceed six.  It  is  also  suitable  for  arches  of  moderate  span,  where  the 
conditions  as  to  foundations  are  fa.vorable. 

2. — Reinforced  Concrete. 

By  the  nse  of  metal  reinforcement  to  resist  the  principal  tensile 
stresses,  concrete  becomes  available  for  general  use  in  a  great  variety 
of  structures  and  structural  forms.  This  combination  of  concrete  and 
metal  is  particularly  advantageous  in  the  beam,  where  both  compression 
and  tension  exist;  it  is  also  advantageous  in  the  column,  where  the 
main  stresses  are  compressive,  but  where  cross-bending  may  exist. 
The  theory  of  design,  therefore,  Avill  relate  mainly  to  the  analysis  of 
beams  and  columns. 

?>. — General    Assumptions. 

(a)  Loads. — The  loads  or  forces  to  be  resisted  consist  of: 

1.  The  Dead  Load. — This  includes  the  weight  of  the  structure 

and  fixed  loads  and  forces. 

2.  The  Live  Load. — This  consists  of  the  loads  and  forces  which 

are  variable.  The  dynamic  effect  of  the  live  load  will  often 
require  consideration.  Any  allowance  for  the  dynamic 
effect  is  preferably  taken  into  account  by  adding  the  de- 
sired amount  to  the  live  load  or  to  the  live-load  stresses. 
The  working  stresses  hereinafter  recommended  are  intended 
to  apidy  to  the  equivalent  static  stresses  thus  determined. 

In  the  case  of  high  buildings,  the  live  load  on  columns 
may  l)e  reduced  in  accordance  with  the  usual  practice. 

(h)  Lengilis  of  J^eams  and  Columns. — The  span  length  for  beams 
and  slabs  shall  be  taken  as  the  distance  from  center  to  center  of  sup- 
ports, but  need  not  be  taken  to  exceed  the  clear  span  plus  the  depth 
of  beam  or  slab.  Brackets  shall  not  be  considered  as  reducing  the 
clear  span  in  the  sense  here  intended. 

The  length  of  columns  shall  be  taken  as  the  maxinunn  unsupported 
length. 

(c)  Internal  Stresses. — As  a  basis  for  calculations  relating  to  the 
strength   of  structures,   the   following   assumptions   are   recommended: 

1.  Caknilations  will  l)e  made  with  reference  to  working  stresses 

and  safe  loads,  rather  than  with  reference  to  ultimate 
strength  and  ultimate  loads. 

2.  A  plane  section  before  bending  remains  plane  after  bending, 
o.  The  modulus  of  elasticity  of  concrete  in  compression,  within 

the  iisual  limits  of  working  stresses,  is  constant.  The  dis- 
tribvition  of  compressive  stresses  in  beams,  therefore,  is 
rectilinear. 
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4.    Ill  cnlciihil  iiiii'  the  iiiiiinciit  of  ivsistanco  of  beams,  the  tensile 

stresses   in    the  conerete  are  nejileeted. 
;").    Perfect  atlhesioii    is   assumed  hetwi-en  eonrrcte  and   reinforee- 

ment.     ruder  cuiniircssive  stresses,  tlie  two  materials,  there- 

fiire,  arc  >trcsscd  in  prnport ion  to  their  moduli  of  elasticity, 
(i.   The  ratio  of  the  iiio(hihi-  of  chi>tieit.v  of  steel  to  the  modulus 

of  elasticity   of  conerete  is  taken   at  15,  except  as  modified 

in  Cha])t(M-  Vl  11.   Section  S. 
7.    Initial   strc'-s   in   the   reiiiforeeiiieiit,  due  to  contraction   or  ex- 

|ian>ion    in   the   eoiiei'ete,   is   ncji'lected. 

It  is  n'co^ni/.cd  that  some  of  tlie  assunii)tions  given  herein  are  not 
entirely  borne  out  by  exiicrinicntal  data.  They  are  given  in  the  interest 
of  simplicity  and  uniformity,  and  variations  from  exact  conditions  are 
taken  into  account  in  the  selection  of  formulas  and  working  stresses. 

The  detiei'tion  of  beams  is  affected  by  the  tensile  strength  de- 
veloiied  throughout  the  length  of  the  beam.  For  calculations  of  deflec- 
tions, a  value  of  8  for  the  ratio  of  the  modidi  will  give  results  corre- 
sponding approximately  with   the  actual  conditions. 

4. — T-Beanis. 

In  beani  and  >lab  construction,  an  effective  bond  should  be  provided 
at  the  junction  of  the  beam  and  slab.  When  the  principal  slab  rein- 
forcement is  parallel  to  the  beam,  transverse  reinforcement  should 
be  used,  extending  over  the  beam  and  well  into  the  slab. 

Where  adequate  bond  and  shearing  resistance  between  slab  and  web 
of  beam  is  provided,  the  slab  may  be  considered  as  an  integral  part 
of  the  beam,  but  its  effective  width  shall  be  determined  by  the  follow- 
ing rules: 

(a)   It    shall  not   exceed    one-fourth   of   the   span   length   of   the 

beam ; 
(h)   Its  overhanging  width  on  either  side  of  the  web,  shall  not 

exceed  four  times  the  thickness  of  the  .slab. 

In  the  design  of  T-beams  acting  as  continuous  beams,  due  con- 
sideration should  be  given  to  the  compressive  stresses  at  the  support. 

Beams  in  which  the  tee  form  is  used  only  for  the  purpose  of  provid- 
ing additional  compression  area  of  concrete  should  prefei'ably  have  a 
width  of  flange  not  more  than  three  times  the  width  of  the  stem  and 
a  thickness  of  flange  not  less  than  one-third  of  the  depth  of  the  beam. 
IJoth  in  this  form  and  in  the  beam  and  slab  form,  the  web  stresses 
and  the  limitations  in  placing  and  spacing  the  longitudinal  reinforce- 
ment will  i)rol)ably  be  controlling  factors  in  design. 

5. — Floor    Slabs. 

Floor  slabs  shoidd  be  designed  and  reinforced  as  continuous  over  the 
.-up|iort.<.     If  the  length  of  the  ';lal)  exceeds  one  and  five-tenth  times  its 
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width,  the  entire  load  should  be  carried  by  transverse  reinforcement. 
Square   slabs   may   well   be   reinforced   in   both   directions.* 

The  continuous  flat  slab  with  multiple-way  reinforcement  is  a 
type  of  construction  used  quite  extensively,  and  has  recognized  ad- 
vantages for  special  conditions,  as  in  the  case  of  warehouses  with 
large,  open,  floor  space.  At  present,  a  considerable  difference  of 
opinion  exists  among  engineers  as  to  the  formulas  and  constants  which 
should  be  used,  but  experience  and  tests  are  accumulating  data  which 
it  is  hoped  will  in  the  near  future  permit  the  formulation  of  the  prin- 
ciples of  design  for  this  form  of  construction. 

The  loads  carried  to  beams  by  slabs  which  are  reinforced  in  two 
directions  will  not  be  uniformly  distributed  to  the  supporting  beam, 
and  its  distribution  will  depend  on  the  relative  stiffness  of  the  slab 
and  the  supporting  beam.  The  distribution  under  ordinary  conditions 
of  construction  may  be  expected  to  be  that  in  which  the  load  on  the 
beam  varies  in  accordance  with  the  ordinates  of  a  parabola  having  its 
vertex  at  the  middle  of  the  span.  For  any  given  design,  the  probable 
distribution  should  be  ascertained,  and  the  moments  in  the  beam 
calculated  accordingly. 

6. — Continuous  Beams  and  Slabs. 
When  the  beam  or  slab  is  continuous  over  its  supports,  reinforce- 
ment should  be  fully  provided  at  points  of  negative  moment,  and  the 
stresses  in  concrete  recommended  in  Chapter  VIII,  Section  4,  should 
not  be  exceeded.  In  computing  the  positive  and  negative  moments 
in  beams  and  slabs  continuous  over  several  supports,  due  to  uniformly 
distributed  loads,  the  following   rules  are  recommended : 

(a)   That  for  floor  slabs,  the  bending  moments  at  center  and  at 
support  be  taken  at  —  for  both  dead  and  live  loads,  where 

w  represents  the  load  per  linear  foot  and  /  the  span  length. 

*  The  exact  distribution  of  load  on  square  and  rectangular  slabs,  supported  on  four  sides 
and  reinforced  in  both  directions,  cannot  readily  be  determined.  The  following  method  of 
caleiilation  is  recognized  as  faulty,  but  it  is  offered  as  a  tentative  method  which  will  erive 
results  on  the  safe  side.    The  distribution  of  load  is  first  to  be  determined  by  the  formula  : 

__      I* 

ill  which  )•  =  proportion  of  load  carried  by  the  transverse  reinforcement,  /  =  length,  and 

h  =  breadth  of  slab.    For  various  ratios  of  ,   the  values  of  r  are  as  follows  : 

h 
I 

b 

1  n.50 

1.1  0..59 

1.8  0.67 

1.3  0.75 

1.4  0.80 

1.5  0.83 

Using  the  values  above  specified,  each  set  of  reinforcement  is  to  be  calculated  in  the  same 
manner  as  slabs  having  supports  on  two  sides  only,  but  the  total  amount  of  reinforcement 
thus  determined  may  be  reduced  25%,  bv  gradually  increasing  the  rod  spacing  from  the 
third  point  to  the  edge  of  the  slab. 
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(/;)  Tluit  for  boams,  the  bending  moment  at  center  and  at  siip- 
]iort  for  interior  spans  bo  taken  at  — ,    and  for  end  spans 

it   be   taken    at       -   for  center   and   adjoining   support,   for 

both   dead   and  live  loads. 

(c)  In  the  case  of  beams  and  slabs  continuous  for  two  spans 
only,    the   bending   moment   at   the   central   support   should 

be  taken  as  — -  and  near  the  middle  of  the  span  as  .     • 

(d)  At  the  ends  of  continuous  beams,  the  amount  of  negative 
moment  which  will  be  developed  will  depend  on  the  condi- 
tion of  restraint  or  fixedness,  and  this  will  depend  on  the 
form  of  construction  used.  There  will  usually  be  some 
restraint,  and  there  is  likely  to  be  considerable.  Provision 
should  be  made  for  the  negative  bending  moment,  but,  as 
its  amount  will  depend  on  the  form  of  construction,  the 
coefficient  cannot  be  specified  here,  and  must  be  left  to  the 
judgment  of  the  designer. 

For  spans  of  unusual  length,  more  exact  calculations  should  be 
made.  Special  consideration  is  also  required  in  the  case  of  concentrated 
loads. 

Even  if  the  center  of  the  span  is  designed  for  a  greater  bending 
moment  than  is  called  for  by  a  or  h,  the  negative  moment  at  the  sup- 
port should  not  be  taken  as  less  than  the  values  there  given. 

Where  beams  are  reinforced  on  the  compression  side,  the  steel 
may  be  assumed  to  carry  its  proportion  of  stress,  in  accordance  with 
the  provisions  of  Chapter  VII,  Section  3,  c-Q.  In  the  case  of  cantilever 
and  continuous  beams,  tensile  and  compressive  reinforcement  over  sup- 
ports must  extend  sufficiently  beyond  the  support  and  beyond  the  point 
of  inflection   to   develop   the   requisite  bond  strength. 

7. — Bond  Strength,  and  Spacing  of  Reinforcement. 

Adequate  bond  strength  should  be  provided.  The  formula  herein- 
after given  for  bond  stresses  in  beams  is  for  straight  longitudinal  bars. 
In  beams  in  which  a  portion  of  the  reinforcement  is  bent  up  near 
the  end,  the  bond  stress  at  places  in  both  the  straight  bars  and  the 
bent  bars  will  be  considerably  greater  than  for  all  the  bars  straight, 
and  the  stress  at  some  point  may  be  several  times  as  much  as  that 
found  by  considering  the  stress  to  be  uniformly  distributed  along  the 
bar.  In  restrained  and  cantilever  beams,  full  tensile  stress  exists  in 
the  reinforcing  bars  at  the  point  of  support,  and  the  bars  must  be 
ancliored   in    the   support   sufficiently   to   develop   this   stress. 
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]ii  case  of  anchorage  of  bars,  an  additional  length  of  bar  must  be 
|)rovided  beyond  that  found  on  the  assumption  of  imiform  bond  stress, 
for  the  reason  that,  before  the  bond  resistance  at  the  end  of  the  bar 
can  be  developed,  the  bar  may  have  begun  to  slip  at  another  point, 
and  "running"  resistajiee  is  less  than  the  resistance  before  slip  begins. 

Where  higli  bond  resistance  is  reciuired,  the  deformed  bar  is  a  suit- 
able means  of  supplying  the  necessary  strength;  but  it  should  be 
recognized  that,  even  with  a  deformed  bar,  initial  slip  occurs  at  early 
loads,  and  that  the  ultimate  loads  obtained  in  the  usual  tests  for  bond 
resistance  may  be  misleading.  Adequate  bond  strength  throughout 
the  length  of  a  bar  is  preferable  to  end  anchorage,  but,  as  an  additional 
safeguard,  such  anchorage  may  properly  be  used  in  sjiecial  cases. 
Anchorage  furnished  by  short  bends  at  a  right  angle  is  less  effective 
than  hooks  consisting  of  turns  through  180  degrees. 

The  lateral  spacing  of  parallel  bars  should  not  be  less  than  three 
diameters,  from  center  to  center,  nor  should  the  distance  from  the  side 
of  the  beam  to  the  center  of  the  nearest  bar  be  less  than  two  diameters. 
The  clear  spacing  between  two  layers  of  bars  should  not  be  less  than 
1  in.  The  use  of  more  than  two  layers  is  to  be  discouraged,  unless  the 
layers  are  tied  together  by  adequate  metal  connections,  particularly 
at  and  near  points  where  bars  are  bent  up  or  bent  down. 

8. — Diagonal   Tension   and   Shear. 

When  a  reinforced  concrete  l)eani  is  subjected  lo  flexural  action, 
diagonal  tensile  stresses  are  set  uj).  If,  in  a  beam  not  having  web  rein- 
forcement, these  sti-esses  exceed  the  tensile  strength  of  the  concrek^, 
failure  of  the  beam  will  ensue.  When  web  reinforcement,  made  up  of 
stirrups,  or  of  diagonal  bars  secured  to  the  longitudinal  reinforcement, 
or  of  longitudinal  reinforcing  bars  bent  up  at  several  points,  is  used, 
new  conditions  i)revail ;  but  even  in  this  case,  at  the  beginning  of 
loading,  the  diagonal  tension  develojjed  is  taken  i>rincipally  by  the 
concrete,  the  deformations  which  are  (leveloi)e(l  in  the  concrete  per- 
mitting but  little  stress  to  be  taken  by  the  web  reinforcement.  When 
the  resistance  of  the  concrete  to  the  diagonal  tension  is  overcome  at 
any  point  in  the  depth  of  the  beam,  greater  stress  is  at  once  set  up  in 
the  web   reinforcem<'nt. 

For  homogeneous  beams,  the  analytical  treatment  of  diagonal  ten- 
sion is  not  very  complex — the  diagonal  tensile  stress  is  a  function  of  the 
liorizontal  and  vertical  shearing  stresses  and  of  the  horizontal  tensile 
stress  at  the  point  considered,  and  as  the  intensity  of  these  three  stresses 
varies  from  the  neutral  axis  to  the  remotest  fiber,  the  intensity  of  the 
diagonal  tension  will  be  different  at  dilferent  points  in  the  section,  and 
will  change  with  different  proportionate  dimensions  of  length  to  depth 
of  beam.     For  tlie  (•oni])osite  structure  of  reinforced  concrete  beams,  an 


February,  191. -J.]     Ri^poiri^ :   CONCKKTK   AND  REINFORCED  CONCRETE     151 

analysis  of  the  web  stresses,  and  particnlarly  of  the  diagonal  tensile 
stresses  is  very  complex;  and  when  the  variations  due  to  a  change  from 
no  horizontal  tensile  stress  in  the  concrete  at  the  remotest  fiber  to  the 
presence  of  horizontal  tensile  stress  at  some  point  below  the  neutral  axis 
are  considered,  the  problem  becomes  more  complex  and  indefinite. 
Under  these  circumstances,  in  designing,  recourse  is  had  to  the  use  of 
the  calculated  vertical  shearing  stress  as  a  means  of  comparing  or  meas- 
uring the  diagonal  tensile  stresses  developed,  it  being  understood  that 
the  vertical  shearing  stress  is  not  the  numerical  equivalent  of  the  diago- 
nal tensile  stress,  and  even  that  there  is  not  a  constant  ratio  between 
them.  It  is  here  recommended  that  the  maximum  vertical  shearing 
stress  in  a  section  be  used  as  the  means  of  comparison  of  the  resistance 
to  diagonal  tensile  stress  developed  in  the  concrete  in  beams  not  having 
web  reinforcement. 

Even  after  the  concrete  has  reached  its  limit  of  resistance  to  diago- 
nal tension,  if  the  beam  has  web  reinforcement,  conditions  of  beam  ac- 
tion will  continue  to  pi'evail,  at  least  through  the  compression  area,  and 
the  web  reinforcement  will  be  called  on  to  resist  only  a  part  of  the  web 
stresses.  From  experiments  with  beams,  it  is  concluded  that  it  is  safe 
practice  to  use  only  two-thirds  of  the  external  vertical  shear  in  making 
calculations  of  the  stresses  that  come  on  stirrups,  diagonal  web  pieces, 
and  bent-up  bars,  and  it  is  here  recommended  for  calculations  in  de- 
signing that  two-thirds  of  the  external  vertical  shear  be  taken  as  pro- 
ducing stresses  in  web  reinforcement. 

Experiments  bearing  on  the  design  of  details  of  web  reinforcement 
are  not  yet  complete  enough  to  allow  more  than  general  and  tentative 
recommendations  to  be  made.  It  is  well  established,  however,  that  ver- 
tical members  attached  to  or  looped  about  horizontal  members,  inclined 
members  secured  to  horizontal  members  in  such  a  way  as  to  insure 
against  slip,  and  the  bending  of  a  part  of  the  longitudinal  reinforcement 
at  an  angle,  will  increase  the  strength  of  a  beam  against  failure  by  di- 
agonal tension,  and  that  a  well-designed  and  well-distributed  web  rein- 
forcement may,  under  the  best  conditions,  increase  the  total  vertical 
shear  carried  to  a  value  as  mucli  as  three  times  that  obtained  when  the 
bars  are  all  horizontal  and  no  web  reinforcement  is  used.  Where  verti- 
cal stirrups  are  used  without  being  secured  to  the  longitudinal  rein- 
forcement, the  force  transmitted  between  longitudinal  bar  and  stirrup 
must  not  be  greater  than  can  be  taken  through  the  concrete,  and  care 
must  be  taken  to  provide  for  the  larger  bond  stress  developed  in  the 
longitudinal  bars  with  this  construction  than  exists  in  the  absence  of 
stirrups.  Sufficient  bond  resistance  between  the  concrete  and  the  stir- 
rups or  diagonals  must  be  provided,  Where  the  longitudinal  bars  are  bent 
up,  the  points  of  bending  of  the  several  bars  should  be  distributed  along 
a  portion  of  the  length  of  the  beam  in  such  a  way  as  to  give  efficient 
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web  reinforcement  over  the  portion  of  the  length  of  the  beam  in  which 
it  is  needed.  The  higher  resistance  to  diagonal  tension  failures  given 
by  unit  frames  having  the  stirrups  and  bent-up  bars  securely  connected 
together  both  longitudinally  and  laterally  is  worthy  of  recognition.  It  is 
necessary  that  a  limit  be  placed  on  the  amount  of  shear  which  may  be 
allowed  in  a  beam;  for  when  web  reinforcement  sufficiently  efficient  to 
give  very  high  web  resistance  is  used,  at  the  higher  stresses  the  concrete 
in  the  beam  becomes  checked  and  cracked  in  such  a  way  as  to  endanger 
its  durability  as  well  as  its  strength. 

The  section  to  be  taken  as  the  critical  section  in  the  calculation  of 
shearing  stresses  will  generally  be  the  one  having  the  maximum  vertical 
shear,  though  experiments  show  that  the  section  at  which  diagonal  ten- 
sion failures  occur  is  not  just  at  a  support,  even  though  the  shear  at 
the  latter  point  be  much  greater. 

The  longitudinal  spacing  of  stirrups  or  diagonal  members,  or  the  dis- 
tribution of  the  points  of  bending  of  adjacent  bent-up  bars,  should  not 
exceed  three-fourths  the  depth  of  the  beam. 

It  is  important  that  adequate  bond  strength  or  anchorage  be  pro- 
vided to  develop  fully  the  assumed  strength  of  all  web  reinforcement. 

It  should  be  noted  that  it  is  on  the  tension  side  of  a  beam  that  diagonal 
tension  develops  in  a  critical  way,  and  that  the  proper  connection  must 
always  be  made  between  stirrups  or  other  web  reinforcement  and  the 
longitudinal  tension  reinforcement,  whether  the  latter  is  on  the  lower 
side  of  the  beam  or  on  its  upper  side.  Where  negative  moment  exists, 
as  is  the  case  near  the  supports  in  a  continuous  beam,  web  reinforce- 
ment, to  be  effective,  must  be  looped  over,  or  wrapped  around,  or  be  con- 
nected with,  the  longitudinal  tension  reinforcing  bars  at  the  top  of  the 
beam,  in  the  same  way  as  is  necessary  at  the  bottom  of  the  beam  at  sec- 
tions where  the  bending  moment  is  positive  and  the  tension  reinforcing 
bars  are  at  the  bottom  of  the  beam. 

Inasmuch  as  the  smaller  the  longitudinal  deformations  in  the  hori- 
zontal reinforcement  are,  the  less  the  tendency  for  the  formation  of 
diagonal  cracks,  a  beam  will  be  strengthened  against  diagonal  tension 
failure  by  arranging  and  proportioning  the  horizontal  reinforcement 
so  that  the  unit  stresses  at  points  of  large  shear  shall  be  relatively  low. 

Where  pure  shearing  stress  occurs,  or  shearing  stress  combined  with 
but  a  small  amount  of  tensile  stress  in  the  concrete,  as  when  a  concen- 
trated load  rests  on  a  slab,  or  other  forms  of  punching  shear  are  pro- 
duced, or  in  the  case  of  compression  pieces,  the  element  of  tension  will 
not  need  consideration,  and  the  permissible  limit  of  the  shearing  stress 
will  be  higher  than  the  allowable  limit  when  this  stress  is  used  as  a 
means  of  comparing  diagonal  tensile  stress.  The  working  values  recom- 
mended are  given  in  Chapter  VIII,  Working  Stresses. 
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9. — Columns. 

By  columns  arc  meant  compression  members  of  which  the  ratio  of 
unsupported  length  to  least  width  exceeds  about  six,  and  which  are  pro- 
vided with  reinforcement  of  one  of  the  forms  hereafter  described. 

It  is  recommended  that  the  ratio  of  unsupported  length  of  column 
to  its  least  width  be  limited  to  15. 

The  effective  area  of  the  column  shall  be  taken  as  the  area  within 
the  protective  covering,  as  defined  in  Chapter  VI,  Section  3;  or,  in  the 
case  of  hooped  columns  or  columns  reinforced  with  structural  shapes, 
it  shall  be  taken  as  the  area  within  the  hooping  or  structural  shapes. 

Columns  may  be  reinforced  by  longitudinal  bars,  by  bands,  hoops, 
or  spirals,  together  with  longitudinal  bars,  or  by  structural  forms  which 
in  themselves  are  sufficiently  rigid  to  act  as  columns.  The  general  effect 
of  closely  spaced  hooping  is  greatly  to  increase  the  "toughness"  of  the 
column  and  its  ultimate  strength,  but  hooping  has  little  effect  on  its 
behavior  within  the  limit  of  elasticity.  It  thus  renders  the  concrete 
a  safer  and  more  reliable  material,  and  should  permit  the  use  of  a 
somewhat  higher  working  stress.  The  beneficial  effects  of  "toughen- 
ing^' are  adequately  provided  by  a  moderate  amount  of  hooping,  a 
larger  amount  serving  mainly  to  increase  the  ultimate  strength  and 
the  possible  deformation  before  ultimate  failure. 

Composite  columns  of  structural  steel  and  concrete  in  which 
the  steel  forms  a  column  by  itself,  should  be  designed  with  caution. 
To  classify  this  type  as  a  concrete  column  reinforced  with  structural 
steel  is  hardly  permissible,  as  the  steel  will  generally  take  the  greater 
part  of  the  load.  When  this  type  of  column  is  used,  the  concrete 
should  not  be  relied  on  to  tie  the  steel  units  together  or  to  transmit 
stresses  from  one  unit  to  another.  The  units  should  be  adequately 
tied  together  by  tie-plates  or  lattice  bars,  which,  together  with  other 
details,  such  as  splices,  etc.,  should  be  designed  in  conformity  with 
standard  practice  for  structural  steel.  The  concrete  may  exert  a  bene- 
ficial effect  in  restraining  the  steel  from  lateral  deflection,  and  also  in 
increasing  the  carrying  capacity  of  the  column.  The  proportion  of 
load  to  be  carried  by  the  concrete  will  depend  on  the  form  of  the 
column  and  the  method  of  construction.  Generally,  for  high  percent- 
ages of  steel,  the  concrete  will  develop  relatively  low  unit  stresses, 
and  caution  should  be  used  in  placing  dependence  on  the  concrete. 

The  following  recommendations  are  made  for  the  relative  work- 
ing stresses  in  the  concrete  for  the  several  types  of  columns: 

(a)  Columns  with  longitudinal  reinforcement  only,  to  the  ex- 
tent of  not  less  than  1%  and  not  more  than  4%  :  the  unit 
stress  recommended  for  axial  compression  in  Chapter 
VIII,  Section  3. 
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(h)  Columns  with  reinforcement  of  bands,  hoops,  or  spirals,  as 
hereinafter  specified:  stresses  20%  higher  than  given  for 
a,  provided  the  ratio  of  the  unsupported  length  of  the 
column  to  the  diameter  of  the  hooped  core  is  not  more 
than  8. 

(c)  Columns  reinforced  with  not  less  than  1%  and  not  more 
than  4%  of  longitudinal  bars,  and  with  bands,  hoops,  or 
spirals,  as  hereinafter  specified:  stresses  45%  higher  than 
given  for  a,  provided  the  ratio  of  the  unsupported  length 
of  the  column  to  the  diameter  of  the  hooped  core  is  not 
more  than  8. 

The  foregoing  recommendations  are  based  on  the  following  condi- 
tions : 

In  all  cases,  longitudinal  reinforcement  is  assumed  to  carry  its 
proportion  of  stress,  in  accordance  with  Section  3.  The  hoops  or 
bands  are  not  to  be  counted  on  directly  as  adding  to  the  strength  of  the 
column. 

Bars  composing  longitudinal  reinforcement  shall  be  straight,  and 
shall  have  sufficient  lateral  support  to  be  securely  held  in  place  until 
the  concrete  has  set. 

Where  hooping  is  used,  the  total  amount  of  such  reinforcement 
shall  be  not  less  than  1%  of  the  volume  of  the  column  enclosed.  The 
clear  spacing  of  such  hooping  shall  be  not  greater  than  one-sixth  of  the 
diameter  of  the  enclosed  column,  and  preferably  not  greater  than  one- 
tenth,  and  in  no  case  more  than  2J  in.  Hooping  is  to  be  circular,  and 
the  ends  of  bands  must  be  united  in  such  a  way  as  to  develop  their  full 
strength.  Adequate  means  must  be  provided  to  hold  bands  or  hoops 
in  place  so  as  to  form  a  column,  the  core  of  which  shall  be  straight 
and  well  centered.  The  strength  of  hooped  columns  depends  very 
much  on  the  ratio  of  length  to  diameter  of  hooped  core,  and  the 
strength  due  to  hooping  decreases  rapidly  as  this  ratio  increases  be- 
yond five.  The  working  stresses  recommended  are  for  hooped  columns 
with  a  length  of  not  more  than  eight  diameters  of  the  hooped  core. 

Bending  stresses  due  to  eccentric  loads  and  lateral  forces  must  be 
l)rovided  for  by  increasing  the  section  until  the  maximvim  stress  does 
not  exceed  the  values  above  specified;  and,  where  tension  is  possible  in 
the  longitudinal  bars,  adequate  connection  between  the  ends  of  the 
bars  must  be  provided  to  take  this  tension. 

lO.^Reinforcing  for  Shrinkage  and  Temperature  Stresses. 

When  areas  of  concrete  too  large  to  expand  and  contract  freely  as 
a  whole  are  exposed  to  atmospheric  conditions,  the  changes  of  form 
due  to  shrinkage  (resulting  from  hardening)  and  to  action  of  tempera- 
ture are  such  that  cracks  may  occur  in  the  mass,  unless  precautions 
are  taken  to  distribute  the  stresses  so  as  to  prevent  the  cracks  alto- 
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gether,  or  to  render  them  very  small.  The  distance  apart  of  the  cracks, 
and  consequently  their  size,  will  be  directly  proportional  to  the  di- 
ameter of  the  reinforcement  and  to  the  tensile  strength  of  the  concrete, 
and  inversely  proportional  to  the  percentage  of  reinforcement  and 
also  to  its  bond  resistance  per  unit  of  surface  area.  To  be  most 
etfective,  therefore,  reinforcement  (in  amount  generally  not  less  than 
one-third  of  1%)  of  a  form  which  will  develop  a  high  bond  resistance 
should  be  placed  near  the  exposed  surface  and  be  well  distributed. 
'J'he  allowable  size  and  spacing  of  cracks  depends  on  various  con- 
siderations, such  as  the  necessity  for  water-tightness,  the  importance 
of  appearance  of  the  surface,  and  the  atmospheric  changes. 

VIII.    Working   Stresses. 
1. — General  Assumptions. 

The  following  working  stresses  are  recommended  for  static  loads. 
Proper  allowances  for  vibration  and  impact  are  to  be  added  to  live 
loads  where  necessary  to  produce  an  equivalent  static  load  before 
applying  the  unit  stresses  in  proportioning  parts. 

In  selecting  the  permissible  working  stress  to  be  allowed  on  con- 
crete, we  should  be  guided  by  the  working  stresses  usually  allowed  for 
other  materials  of  construction,  so  that  all  structures  of  the  same 
class  but  composed  of  different  materials  may  have  approximately  the 
same  degree  of  safety. 

The  following  recommendations  as  to  allowable  stresses  are  given 
in  the  form  of  percentages  of  the  ultimate  strength  of  the  particular 
concrete  which  is  to  be  used;  this  ultimate  strength  is  to  be  that  de- 
veloped in  cylinders  8  in.  in  diameter  and  16  in.  long  of  the  consist- 
ency described  in  Chapter  IV,  Section  2  (a),  made  and  stored  under 
laboratory  conditions,  at  an  age  of  28  days.  In  the  absence  of  definite 
knowledge,  in  advance  of  construction,  as  to  just  what  strength  may 
be  expected,  the  Committee  submits  the  following  values  as  those 
which  should  be  obtained  with  materials  and  workmanship  in  accord- 
ance with  the  recommendations  of  this  report. 

Although  occasional  tests  may  show  higlier  results  than  those  here 
given,  the  Committee  recommends  that  these  values  should  be  the  maxi- 
nuim  used  in  design. 

Tahle  of  Strengths  of  Different  Mixtures  of  Concrete. 
(In  Pounds  per  Square  Inch.) 


Aggregate. 

1:1:3 

1:li:3 

1:2:4 

1 :2i:5 

1:3:6 

3  300 

3000 

2  200 

800 

2  800 

2  500 

1800 

700 

!^200 

2  000 

1500 

600 

1  800 

1  ()00 

1  200 

500 

1  400 

Gravel,  iiard  limestone  and  hard  sandstone. 

1300 
1  000 

400 

Note.— For  variations  in  the  moduli  of  elasticity  see  Chapter  VIII,  Section  8. 
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2. — Bearing. 

When  compression  is  applied  to  a  surface  of  concrete  of  at  least 
twice  the  loaded  area,  a  stress  of  32.5%  of  the  compressive  strength  may 
be  allowed. 

3. — Axial   Compression. 

For  concentric  compression  on  a  plain  concrete  column  or  pier,  the 
length  of  which  does  not  exceed  12  diameters,  22.5%  of  the  compressive 
strength  may  be  allowed. 

For  other  forms  of  columns  the  stresses  obtained  from  the  ratios 
given  in  Chapter  VII,  Section  9,  may  govern. 

4. — Compression  in  Extreme  Fiber. 

The  extreme  fiber  stress  of  a  beam,  calculated  on  the  assumption  of  a 
constant  modulus  of  elasticity  for  concrete  under  working  stresses,  may 
be  allowed  to  reach  32.5%  of  the  compressive  strength.  Adjacent  to 
the  support  of  continuous  beams  stresses  15%  higher  may  be  used. 

5. — Shear  and  Diagonal  Tension. 

In  calculations  on  beams  in  which  the  maximum  shearing  stress  in  a 
section  is  used  as  the  means  of  measuring  the  resistance  to  diagonal 
tension  stress,  the  following  allowable  values  for  the  maximum  vertical 
shearing  stress  are  recommended : 

(a)  For  beams  with  horizontal  bars  only  and  without  web  reinforce- 
ment calculated  by  the  method  given  in  the  Appendix,  Formula  (22)  : 
2%  of  the  compressive  strength. 

(&)  For  beams  thoroughly  reinforced  with  web  reinforcement:  the 
value  of  the  shearing  stress  calculated  as  for  a  (that  is,  using  the 
total  external  vertical  shear  in  Formula  (22)  for  shearing  unit  stress), 
must  not  exceed  6%  of  the  compressive  strength.  The  web  reinforce- 
ment, exclusive  of  bent-up  bars,  in  this  case,  shall  be  proportioned  to 
resist  two-thirds  of  the  external  vertical  shear  in  the  formulas  given 
in  the  Appendix,  Formulas  (24)  or  (25). 

(c)  For  beams  in  which  part  of  the  longitudinal  reinforcement  is 
used  in  the  form  of  bent-up  bars  distributed  over  a  portion  of  the  beam 
in  a  way  covering  the  requirements  for  this  type  of  web  reinforcement : 
the  limit  of  maximum  vertical  shearing  stress  (the  stress  calculated  as 
for  a),  3%  of  the  compressive  strength. 

{d)  Where  punching  shear  occurs,  that  is,  shearing  stress  uncom- 
bined  with  compression  normal  to  the  shearing  surface,  and  with  all 
tension  normal  to  the  shearing  plane  provided  for  by  reinforcement : 
a  shearing  stress  of  6%  of  the  compressive  strength  may  be  allowed. 


February,  l!)i:?.l     kkpoRT:   CONCRETE  AND  REINFORCED  CONCRETE    157 

6.— Bond. 

The  bond  stress  between  concrete  and  plain  reinforcing  bars  may  be 
assumed  at  4%  of  the  compressive  strength,  or  2%  in  the  case  of  drawn 
wire. 

7. — Reinforcement. 

The  tensile  or  compressive  strength  in  steel  should  not  exceed 
16  000  lb.  per  sq.  in. 

In  structural  steel  members,  the  working  stresses  adopted  by  the 
American  Railway  Engineering  Association  are  recommended. 

8. — Modulus  of  Elasticity. 

The  value  of  the  modulus  of  elasticity  of  concrete  has  a  wide  range, 
depending  on  the  materials  used,  the  age,  the  range  of  stresses  between 
which  it  is  considered,  as  well  as  other  conditions.  It  is  recommended 
that  in  computations  for  the  position  of  the  neutral  axis  and  for  the 
resisting  moment  of  beams  and  for  the  compression  of  concrete  in  col- 
umns it  be  assumed  as: 

(a)  One-fifteenth  of  that  of  steel,  when  the  strength  of  the 
concrete  is  taken  as  2  200  lb.  per.  sq.  in.  or  less. 

(h)  One-twelfth  of  that  of  steel,  when  the  strength  of  the  con- 
crete is  taken  as  greater  than  2  200  lb.  per  sq.  in.,  or  less 
than  2  900  lb.  per  sq.  in.,  and 

(c)  One-tenth  of  that  of  steel,  when  the  strength  of  the  concrete 
is  taken  as  greater  than  2  900  lb.  per  sq.  in. 

Although  not  rigorously  accurate,  these  assumptions  will  give  safe 
results.  For  the  deflection  of  beams  which  are  free  to  move  longitudi- 
nally at  the  supports,  in  using  formulas  for  deflection  which  do  not  take 
into  account  the  tensile  strength  developed  in  the  concrete,  a  modulus 
one-eighth  of  that  of  steel  is  recommended. 

Respectfully  submitted, 

J.  R.  Worcester,  Chairman, 

Richard  L.  Humphrey,  Vice-Chairman, 

W.  K.  Hatt, 

Olaf  Hoff, 

J.  E.  Greiner, 

R.  W.  Lesley, 

A.  N.  Talbot, 

Emil  Swensson. 

December,  1912. 
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IX.     Appendix. 

1. — Standard  Specifications. 

(a)   Cement.^ 

GENERAL    OBSERVATIONS. 

1. — These  remarks  have  been  prepared  with  a  view  of  pointing  out 
the  pertinent  features  of  the  various  requirements  and  the  precautions 
to  be  observed  in  the  interpretation  of  the  results  of  the  tests. 

2. — The  Committee  would  suggest  that  the  acceptance  or  rejection 
under  these  specifications  be  based  on  tests  made  by  an  exi^erienced  per- 
son having  the  proper  means  for  making  the  tests. 

SPECIFIC    GRAVITY. 

S. — Specific  gravity  is  useful  in  detecting  adulteration.  The  results 
of  tests  of  specific  gravity  are  not  necessarily  conclusive  as  an  indica- 
tion of  .the  quality  of  a  cement,  but  when  in  combination  with  the 
results  of  other  tests  may  afford  valuable  indications. 

FINENESS. 

Jf. — The  sieves  should  be  kept  thoroughly  dry. 

TIME  of   setting. 

5. — Great  care  should  be  exercised  to  maintain  the  test  pieces  under 
as  uniform  conditions  as  possible.  A  sudden  change  or  wide  range  of 
temperature  in  the  room  in  which  the  tests  are  made,  a  very  dry  or 
humid  atmosphere,  and  other  irregnlarities,  vitally  affect  the  rate  of 
setting. 

constancy   of  VOLUME. 

6. — The  tests  for  constancy  of  volume  are  divided  into  two  classes, 
the  first  normal,  the  second  accelerated.  The  latter  should  be  regarded 
as  a  precautionary  test  only,  and  not  infallible.  So  many  conditions  en- 
ter into  the  making  and  interpreting  of  it  that  it  should  be  used  with 
extreme  care. 

7. — In  making  the  pats,  the  greatest  care  should  be  exercised  to  avoid 
initial  strains  due  to  moulding  or  to  too  rapid  drying-out  during  the 
first  24  hours.  The  pats  should  be  preserved  under  the  most  uniform 
conditions  possible,  and  rapid  changes  of  temperature  should  be 
avoided. 

8. — The  failure  to  meet  the  requirements  of  the  accelerated  tests  need 
not  be  sufficient  cause  for  rejection.  The  cement,  however,  may  be  held 
for  28  days,  and  a  retest  made  at  the  end  of  that  period,  using  a  new 
sample.  Failure  to  meet  the  requirements  at  this  time  should  be  con- 
sidered sufficient  cause  for  rejection,  although  in  the  present  state  of  our 
*  Adopted  August  16th,  1909,  by  the  American  Society  for  Testing  Materials. 
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knuwledge  it  cannot  be  said  that  such  failure  necessarily  indicates  un- 
soundness, nor  can  the  cement  be  considered  entirely  satisfactory  simply 
because  it  passes  the  tests. 

General  Conditions. 

1.  All  cement  shall  be  inspected. 

2.  Cement  may  be  inspected  either  at  the  place  of  niaiiufaeture  or  on 
the  work. 

3.  In  order  to  allow  ample  time  for  inspecting  and  testing,  the  ce- 
ment should  be  stored  in  a  suitable  weather-tight  building  having  the 
floor  properly  blocked  or  raised  from  the  ground. 

4.  The  cement  shall  be  stored  in  such  a  manner  as  to  permit  easy 
access  for  proper  inspection  and  identification  of  each  shipment. 

5.  Every  facility  shall  be  provided  by  the  contractor,  and  a  period 
of  at  least  12  days  allowed  for  the  inspection  and  necessary  tests. 

6.  Cement  shall  be  delivered  in  suitable  packages,  with  the  brand 
and  name  of  manufacturer  plainly  marked  thereon. 

7.  A  bag  of  cement  shall  contain  94  lb.  of  cement  net.  Each  bar- 
rel of  Portland  cement  shall  contain  4  bags,  and  each  barrel  of  natural 
cement  shall  contain  3  bags  of  the  above  net  weight. 

8.  Cement  failing  to  meet  the  7-day  requirements  may  be  held 
awaiting  the  results  of  the  28-day  tests  before  rejection. 

9.  All  tests  shall  be  made  in  accordance  with  the  methods  proposed 
by  the  Special  Committee  on  Uniform  Tests  of  Cement  of  the  Ameri- 
can Society  of  Civil  Engineers,  presented  to  the  Society  on  January 
17th,  1912,  with  all  subsequent  amendments  thereto. 

10.  The  acceptance  or  rejection  shall  be  based  on  the  following 
requirements : 

Natural  Cement. 

11.  Definition. — This  term  shall  be  applied  to  the  finely  pulverized 
product  resulting  from  the  calcination  of  an  argillaceous  limestone  at 
a  temperature  only  sufiicient  to  drive  off  the  carbonic  acid  gas. 

fineness. 

12.  It  shall  leave  by  weight  a  residue  of  not  more  than  10%  on  the 
No.  100,  and  30%  on  the  No.  200  sieve. 

TIME   OF   SETTING. 

13.  It  shall  not  develop  initial  set  in  less  than  10  min.,  and  shall 
not  develop  hard  set  in  less  than  30  min.,  or  more  than  3  hours. 

TENSILE    STRENGTH. 

14.  The  minimum  requirements  for  tensile  strength  for  briquettes 
1  sq.  in.  in  cross-section  shall  be  as  follows,  and  the  cement  shall  show 
no  retrogression  in  strength  within  the  periods  specified: 
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Age.  Neat  Ceraent.  strength. 

24  hours   in  moist   air Y5  lb. 

7  days  (1  day  in  moist  air,  6  days  in  water) 150    " 

28  days  (1  day  in  moist  air,  27  days  in  water) 250   " 

One  Part  Cement,  Three  Parts  Standard  Ottawa  Sand. 

7  days  (1  day  in  moist  air,  6  days  in  water) 50  lb. 

28  days   (1  day  in  moist  air,  27  days  in  water) 125    " 

CONSTANCY   OF   VOLUME. 

15.  Pats  of  neat  cement  about  3  in.  in  diameter,  ^  in.  thick  at  the 
center,  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a  period 
of  24  hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature. 
(Jj)  Another   is   kept   in   water   maintained    as   near   70°   Fahr.    as 
practicable. 

16.  These  pats  are  observed  at  intervals  for  at  least  28  days,  and, 
to  pass  the  tests  satisfactorily,  should  remain  firm  and  hard  and  show 
no  signs  of  distortion,  checking,  cracking,  or  disintegrating. 

Portland  Cement. 

17.  Definition. — This  term  is  applied  to  the  finely  pulverized  prod- 
uct resulting  from  the  calcination  to  incipient  fusion  of  an  intimate 
mixture  of  properly  proportioned  argillaceous  and  calcareous  materials, 
and  to  which  no  addition  greater  than  3%  has  been  made  subsequent  to 
calcination. 

specific  gravity. 

18.  The  specific  gravity  of  cement  shall  be  not  less  than  3.10. 
Should  the  test  of  cement  as  received  fall  below  this  requirement,  a 
second  test  may  be  made  on  a  sample  ignited  at  a  low  red  heat.  The 
loss  in  weight  of  the  ignited  cement  shall  not  exceed  4  per  cent. 

fineness. 

19.  It  shall  leave  by  weight  a  residue  of  not  more  than  8%  on 
the  No.  100,  and  not  more  than  25%  on  the  No.  200  sieve. 

TIME  of   setting. 

20.  It  shall  not  develop  initial  set  in  less  than  30  min. ;  and  must 
develop  hard  set  in  not  less  than  1  hour,  nor  more  than  10  hours. 

TENSILE    strength. 

21.  The  minimum  requirements  for  tensile  strength  for  briquettes 
1  sq.  in.  in  cross-section  shall  be  as  follows,  and  the  cement  shall  show 
no  retrogression  in  strength  within  the  periods  specified : 
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Arc.  Neat  Cement.  streuKtii. 

24  hours  in  moist  air 175  lb. 

7  days  (1  day  in  moist  air,  6  days  in  water) 500    " 

28  days  (1  day  in  moist  air,  27  days  in  water) 600    " 

One  Part  Cement,  Three  Parts  Standard  Ottawa  Sand. 

7  days  (1  day  in  moist  air,    6    days  in  water) 200  lb. 

28  days  (1  day  in  moist  air,  27  days  in  water) 275    " 

CONSTANCY  OP  VOLUME. 

22.  Pats  of  neat  cement  about  3  in.  in  diameter,  ^  in.  thick  at 
the  center,  and  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air 
for  a  period  of  24  hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature  and  observed 

at  intervals  for  at  least  28  days. 
(h)  Another  pat  is  kept  in  water  maintained  as  near  70°  Fahr.  as 

practicable,  and  observed  at  intervals  for  at  least  28  days, 
(c)   A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere 

of  steam,  above  boiling  water,  in  a  loosely  closed  vessel  for 

5  hours. 

23.  These  pats,  to  pass  the  requirements  satisfactorily,  shall  re- 
main firm  and  hard,  and  show  no  signs  of  distortion,  checking,  crack- 
ing,  or   disintegrating. 

SULPHURIC   ACID   AND    MAGNESIA. 

24.  The  cement  shall  not  contain  more  than  1.75%  of  anhydrous 
sulphuric  acid  (SO3),  nor  more  than  4%  of  magnesia  (MgO). 

(&)  Metal  Reinforcement* 

6. — Steel  shall  be  made  by  the  open-hearth  process.  Ke-rolled  ma- 
terial will  not  be  accepted. 

7. — Plates  and  shapes  used  for  reinforcement  shall  be  of  structural 
steel  only.  Bars  and  wire  may  be  of  structural  steel  or  high-carbon 
steel. 

8. — The  chemical  and  physical  properties  shall  conform  to  the  fol- 
lowing limits: 


Elements  Considered. 

Structural  Steel. 

High-Carbon  Steel. 

0.04  percent. 
0.06    "      " 
0.05     "      " 

0.04  percent. 
0.06     '•      " 

Phosphorus,  maximum  ■  ^".f^f 

0.05     •'      " 

Ultimate  tensile  strength. 

Desired. 

60  000 

1500  000+ 

Desired. 

88  000 

Eloug.  min.  ptrcentane  in  8  in.,  Fig.  1 j 

1000  000 

Ult.  tensile  strength. 

Silky 

180°  flat  t 

Ult.  tensile  strength. 
J       Silky  or  finely 

(           granular. 
180°  d  =  4*  S 

•  Adopted  March  16th.  1910,  by  the  American  Railway  Engineering  Association. 
+  See  Paragraph  15.    i  See  Paragraphs  16  and  17.    §  "d  =  4/  "  signifies  "  ai-ouod  a  pin 
having  a  diameter  four  times  the  thickness  of  the  specimen." 
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9. — The  yield  point  for  bars  and  wire,  as  indicated  by  the  drop  of 
the  beam,  shall  be  not  less  than  60%  of  the  ultimate  tensile  strength. 

10. — If  the  ultimate  strength  varies  more  than  4  000  lb.  for  struc- 
tural steel  or  6  000  lb.  for  high-caAon  steel,  a  retest  shall  be  made  on 
the  same  gauge,  which,  to  be  acceptable,  shall  be  within  5  000  lb.  for 
structural  steel,  or  8  000  lb.  for  high-carbon  steel,  of  the  desired 
ultimate. 

11.- — Chemical  determinations  of  the  percentages  of  carbon,  phos- 
phorus, sulphur,  and  manganese  shall  be  made  by  the  manufacturer 
from  a  test  ingot  taken  at  the  time  of  the  pouring  of  each  melt  of 
steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished  to  the 
engineer  or  his  inspector.  Check  analyses  shall  be  made  from  finished 
material,  if  called  for,  in  which  case  an  excess  of  25%  above  the 
required  limits  will  be  allowed. 

12. — Plates,  Shapes,  and  Bars. — Specimens  for  tensile  and  bending 
tests  for  plates  and  shapes  shall  be  made  by  cutting,  from  the  finished 
product,  coupons  which  shall  have  both  faces  rolled  and  both   edges 

,  „„  ^       Parallel  section  not  less  than  9 


About  18- 

Fig.  ].— Tension  Test  Piece. 


milled  to  the  form  shown  by  Fig.  1;  or  with  both  edges  parallel;  or 
they  may  be  turned  to  a  diameter  of  f  in,  with  enlarged  ends. 
13. — -Bars  shall  be  tested  in  their  finished  form. 

IJ/.. — At  least  one  tensile  and  one  bending  test  shall  be  made  from 
each  melt  of  steel  as  rolled.  In  case  steel  differing  |  in.  and  more  in 
thickness  is  I'olled  from  one  melt,  a  test  shall  be  made  from  the  thickest 
and  thinnest  material  rolled. 

15. — For  material  less  than  ^^  in.  and  more  than  f  in.  in  thickiu'ss 
the  following  modifications  will  be  allowed  in  the  requirements  for 
elongation: 

(a)  For   each   ^^   in.    in    thickness  below    ^^^   in.,    a    deduction 
of  2^-  will  be  allowed  from  the  specified  percentage. 

(6)  For  each  J  in.  in  thickness  above  f  in.,  a  deduction  of 
1  will  be  allowed  from  the  specified  percentage. 

16. — Bending  tests  may  be  made  by  pressure  or  by  blows.  Shapes 
and  bars  less  than  1  in.  thick  shall  bend  as  called  for  in  Paragraph  8. 

17. — Test  specimens  1  in.  thick  and  greater  shall  bend  cold  180° 
around  a  pin,  the  diameter  of  which,  for  structural  steel,  is  twice  the 
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thickness  of  the  speciincn,  and  for  higli-earhon  steel,  is  six  times  the 
tliickness  of  the  specimen,  without  fracture  on  the  outside  of  the  bend. 

IS. — Finished  material  shall  be  free  from  injurious  seams,  flaws, 
cracks,  defective  edges,  or  other  defects,  and  have  a  smooth,  uniform, 
and  workmanlike  finish. 

W. — Every  finished  piece  of  steel  shall  have  the  melt  number  and 
the  name  of  the  manufacturer  stamped  or  rolled  on  it,  except  that  bar 
steel  and  other  small  parts  maj^  be  bundled,  with  the  above  marks  on 
an  attached  metal  tag'. 

20. — Material  which,  subsequent  to  the  above  tests  at  the  mills, 
and  its  acceptance  there,  develops  weak  spots,  brittleness,  cracks,  or 
other  imperfections,  or  is  found  to  have  injurious  defects,  will  be  re- 
jected, and  shall  be  replaced  by  the  manufacturer  at  his  own  cost. 

21. — All  reinforcing  steel  shall  be  free  from  excessive  rust,  loose 
scale,  or  other  coatings  of  any  character  which  would  reduce  or  destroy 
the  bond. 

2. — Suggested    Formulas    for    Reinforced    Concrete    Construction. 

These  formulas  are  based  on  the  assumptions  and  principles  given 
ill  tlie  chapter  on  design. 

(a)   Standard  Notation. 

1 .- — Tiectangular  Beams. 

'Ilie  following  notation   is  recommended: 
fg  =  tensile  imit  stress  in  steel, 
f^  =  compressive  unit  stress  in  concrete. 
Eg  =  modulus  of  elasticity  of  steel, 
Ec  =  modulus  of  elasticity  of  concrete, 
E. 

M  =  moment' of  resistance,  or  bending  moment  in  general, 

A  =  steel  area, 

h  =  breadth  of  beam, 

d  =  depth  of  beam  to  center  of  steel, 

k  =  ratio  of  depth  of  neutral  axis  to  effective  depth  d, 

z  =  depth  of  resultant  compression  below  top, 

j  =  ratio  of  lever  arm  of  resisting  couple  to  depth  d, 

jd  =  d  —  2  =  arm  of  resisting  couple, 

p  =  steel  ratio  (not  percentage). 

2.—T-Beams. 

h     =  width  of  flange, 

1/   =  WMdth  of  stem, 

t     =  thickness  of  flange. 
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S^ — Beams  Reinforced  for  Compression. 
A'  =  area  of  compressive  steel, 
p'   =  steel  ratio  for  compressive  steel, 
f/  =  compressive  unit  stress  in  steel, 
C   =  total  compressive  stress  in  concrete, 
C"  =  total  compressive  stress  in  steel, 
d'   =  depth  to  center  of  compressive  steel, 
z     =  depth  to  resultant  of  C  and  C. 

Jf. — Shear  and  Bond. 

V  =  total  shear, 

V  =  shearing  unit  stress, 

u    =  bond  stress  per  unit  area  of  bar, 
0    =  circumference  or  perimeter  of  bar, 
2o  =  sum  of  the  perimeters  of  all  bars. 

5.— Columns. 

A    =  total  net  area, 

J.S  =  area  of  longitudinal  steel, 

Ac  =^  area  of  concrete, 

P    =  total  safe  load.  ' 


(&)   Formulas. 


1. — Rectangular  Beams. 


y~r ■ir 


Fig.  3. 


Position  of  neutral  axis, 
Arm  of  resisting  couple, 


i  =  l-3'=. 


(yoxJ^  =  15  000  to  IG  000,  and/,  =  600  to  650,  k  may  be  taken  at  ^.J 
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Fiber  stresses, 


.  _     3f     _     3T 

' "        AJd         pjbd^ 
2M  2pf 


L 


Jkhd- 


Stoel  ratio,  for  balanced  reinforcement, 

"■^^  WA  +  i) 

2.—T-Beams. 


k-  — 


•  •• 


Fig.  8. 

Case  I.    When  the  neutral  axis  lies  in  the  flange. 
Use  the  formulas  for  rectangular  beams. 

Case  II.    When  the  neutral  axis  lies  in  the  stem. 

The  following  formulas  neglect  the  compression  in  the  stem: 

Position  of  neutral  axis, 


kcl  = 


2  nd  A  +  bt^ 


•2n  A  -\-  2  U 
Position  of  resultant  compression, 

•ikd~2t    t 


2  kd 


t    3 


Arm  of  resisting  couple. 
Fiber  stresses. 


jd  —  d 


Sc  = 


Mkd 


M 

AJd 


bt 


(ivZ_l  f)jd 


./,       k 
n  1  —  k' 


.(■•!) 


,(5) 


.(6) 

■0) 


..(9) 
(10) 


(For  approximate  results,  the  formulas  for  rectangular  beams  may 
be  used.) 
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The  following-  formulas  take  into  account  the  compression  in  the 
stem;  they  are  recommended  where  the  flange  is  small  compared  with 
the  stem: 

Position  of  neutral  axis, 

2 


_      1-2  lid  A  +  (b  —  h')  t^  /nA  +  (/>_?/)  K  ^ 

"    ~   N  h'  ^     V  b'  / 

nA  -j-  (b—b')  t 

~  b'  

Position  of   resultant  compression, 

(^hit' — -|  t^^  b + ^{kd  ~  0'  (^  +  4  ^^''^  ~  '0  ] ''' 

^  ^  t{2kd  —  t)  b  -{-  (M—^fY 

Arm  of  resisting  couple, 

jd  =d  —  z 

Filler  stresses, 

•  _    ^ 

^'~  Ajd 

2  Mkd 


(11) 


./,.  =  ^;--,-, 


[(2  kd  —  t)  bt  +  (M  —  tf  ?/]  ./(7, ' 
S. — Beams  Reinforced  for  Compression. 

.  fc 


.(12) 

.(i;j) 
(14) 

(15) 


Position  of  neutral  axis, 


fc  =  ^J  2  n  (p  +P'  ^")    f   n"  (p  +  p'f  —  n  (p  4  p') (l(i) 

Position  of  resultant  compression, 

,^  k?d+  'Ip'  ml'  {k  —  —\ 


l^ 


-■^'■'"(.^-■^) 


(17) 
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Arm  of  resisting  couple, 

/(/  =  d  —  z (IS) 

Fiber  stresses, 

M  1  —  k 

■';  =  "/. -^ (21) 

Jf. — Shear,  Bond,  and  Web  Reinforcement. 

Li  the  following-  formulas,  Sg  refers  only  to  the  bars  constituting 
the  tension  reinforcement  at  the  section  in  question,  and  jd  is  the  lever 
arm  of  the  resisting  couple  at  the  section. 

For  rectangular  beams, 

V 

"  =  m <^-> 

"=i^. <'^' 


/For  approximate  results.,/ may  be  taken  at    -  .\ 


The  stresses  in  web  reinforcement  may  be  estimated  by  the  following 
formulas : 

Vertical  web  reinforcement, 

Vs 
P  =  -ry (24) 

"Web  reinforcement  inclined  at  45°    (not  bent-up  bars), 

P  =  0.7  ^ (25) 

./(^ 

in  which  P  =  stress  in  single  reinforcing  member,   V  =  amount  of 

total  shear  assumed  as  carried  by  the  reinforcement,  and  s  =  horizontal 

spacing  of  the  reinforcing  members. 

The  same  formulas  apply  to  beams  reinforced  for  compression  as 
regards  shear  and  bond  stress  for  tensile  steel. 

For  T-beams, 

"  =  s^ <^«) 

"=ik '"' 


(  For  approximate  results,./  may  be  taken  at     .\ 
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5. — Columns. 
Total  safe  load, 

P=h  (A  +  «-l.)  =/c  Aa  +  (n-  l)p) (28) 

Unit  stresses, 

_    P 

•''-    A  (1  +(n-l)i>) ^^^> 

fs  =  ^Kh (30) 
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PROGRESS  REPORT  OF 
SPECIAL  COMMITTEE  ON  ENGINEERING  EDUCATION. 

January,  1913. 

During  the  past  year  the  Committee  has  lost  one  of  its  most  active 
members,  Past-President  B.  M.  Harrod,  who,  from  the  very  beginning 
of  the  investigation,  took  an  interest  in  the  endeavor  to  co-ordinate 
the  diverse  views  entertained  by  the  Profession  on  almost  every  phase 
of  Engineering  Education. 

As  the  work  of  the  Committee  is  drawing  to  a  close  it  is  not 
proposed  to  fill  the  vacancy  caused  by  Mr.  Harrod's  lamented  death. 

At  the  time  of  the  last  Annual  Meeting  an  understanding  had 
been  arrived  at  with  the  Carnegie  Foundation  that  they  would  under- 
take a  comprehensive  investigation  into  the  subject  of  Engineering 
Education,  such  an  investigation  as  they  had  already  made  into  the 
matter  of  Medical  Education,  involving  the  expenditure  of  a  large 
sum  of  money,  with  satisfactory  results. 

Owing  to  the  ill  health  of  Dr.  Pritchett  and  his  long  absence  in 
California,  no  practical  results  could  be  arrived  at,  but  it  is  now 
hoped  that  in  a  very  short  time  the  work  will  begin. 

As  the  Committee  may  still  be  of  some  service  until  the  new  organi- 
zation is  under  way,  we  ask  to  be  continued  for  another  year. 

Desmond  FitzGerald,   Chairman, 
Onward   Bates, 
Daniel  W.  Mead. 
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PROGRESS  REPORT  OF  THE 
SPECIAL  COMMITTEE  ON  STEEL  COLUMNS  AND  STRUTS. 

January  15tii,  1913. 

The  Special  Committee  "to  consider  and  report  upon  the  design, 
ultimate  strength,  and  safe  working  values  of  Steel  Columns  and 
Struts,"  presents  the  following  report  of  progress : 

Your  Committee  submits  the  proposed  programme  of  144  column 
tests  as  outlined  and  agreed  upon  with  the  representatives  of  the 
Bureau  of  Standards,  of  the  United  States  Government,  S.  W.  Strat- 
ton,  Director. 

It  will  be  seen  that  the  programme  is  arranged  with  the  intention, 
as  far  as  practicable,  of  eliminating  all  variables  except  that  of  form. 
The  iirogramme  is  subdivided  so  as  to  consider  the  effect  of  light  and 
heavy  sections.  It  will  be  noted,  from  the  accompanying  specifica- 
tions, that  the  requirements  for  the  material  are  extremely  rigid;  in 
fact,  far  above  the  commercial  grade.  It  is  expected  that  the  uniform 
material  produced  by  these  specifications  will  reduce  erratic  results 
to  a  minimum.  Your  Committee  feels  that,  when  the  results  of  these 
proposed  tests  of  special  material  have  been  studied  and  correlated, 
the  knowledge  gained  hereby  will  enable  engineers  to  draw  conclu- 
sions regarding  the  action,  under  load,  of  columns  made  of  commer- 
cial grades  of  steel. 

When  its  last  Progress  Report  was  made,  your  Committee  ex- 
pected to  have  the  results  of  this  programme  for  study  before  now, 
and  to  be  able  to  report  on  the  results  at  this  meeting,  but  it  regrets 
to  state  that  tlie  2  300  000-lb.  testing  machine  now  being  installed 
by  the  IT.  S.  Government  at  Washington  is  not  yet  ready  for  opera- 
tion. The  Bureau  of  Standards  writes  that  the  machine  will  be 
finished  in  the  near  future;  that  the  material  for  the  first  half  of  the 
programme  has  been  purchased  from  the  American  Bridge  Company, 
and  that  the  programme  of  tests  mentioned  in  this  report  will  be 
the  first  to  be  undertaken. 

Your  Committee  has  been  unable  to  avail  itself  of  most  of  the 
tests  which  it  has  thus  far  recorded,  owing  to  lack  of  data  regarding 
the  material  used.  Suggestions  have  been  made  regarding  the  use 
of  discarded  columns  taken  from  old  structures.  If  such  series  of 
tests  are  to  be  of  value  for  comparison  v^ith  other  series,  the  complete 
history  of  the  metal  should  be  knovsm. 

Last  year,  your  Committee  reported  tliat  it  was  in  communication 
with  the  Committee  of  the  American  Railway  Engineering  Associa- 
tion on  Iron  and  Steel  Structures,  with  a  view  to  the  two  Committees 
working  in  harmony.  The  sub-committee  on  Iron  and  Steel  Structures 
of  that  Association,  W.  H.  Moore,  Chairman,  expects  to  make  other 
series  of  tests  which,  correlated  with  ours,  will  further  the  knowledge 
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of  tlie  subject.  During  the  past  year  the  committees  of  the  two 
Societies  have  kept  in  close  touch.  ;uul  their  conferences  have  been  of 
mutual  advantage. 

Through  the  loss  of  its  honored  member,  Mr.  Alfred  P.  Boiler, 
your  Committee  has  been  deprived  of  the  wise  council  and  keen  judg- 
ment of  an  able  and  cultured  engineer. 

Your  Comniittee  will  be  unable  to  make  a  final  report  until  the 
results  of  the  proposed  progrannne  are  available  for  study. 

For  the  Committee: 

Austin    I-okd    liowMAx,   Chairman, 
Lewis  D.  Jxkjuts,  Secretary. 

Committee  : 
Austin  Lord  Bowman, 
Emil  Gerber, 
Chas.  F.  Loweth, 
Kalpii  Modjeski, 
Frank  C.  Osrorn, 
Geo.  H.  Pegram, 
Geo.  F.  Swain, 
Lewis  D.  Rights, 
Emil  Swexsson, 
J.  R.  Worcester. 

Table  of  Chemical  and  Physical  PRorERTiEs  for  Speclal 
Specifications  for  Uniform  Quality  Structural  Steel 
FOR  Comparative  Column  Tests  for  the  Bureau  of 
Standards^  U.  S.  Govern. mknt. 


Material. — Basic  open-hearth  structural  steel. 

Chemical. — Uniformity  is  paramount,  and  nuist  be  aimed  for. 

Carbon. — The   percentage    of   carbon   must   not   vary   more   than   just 

to  insure  the  desired  physical  properties  in   required  sections  of 

material. 

]\rangan&se 0.40%  min.  and  0.50%  max. 

Phosi)horus    0.00%  min.  and  0.03%  max 

Sulpluir    0.00%  min.  and  0.04%  max. 

Silicon   0.00%  min.  and  0.10%  max. 

Nickel    0.00%  min.  and  0.05%  max. 

Chromium 0.00%  min.  and  0.05%  max. 

Copper   0.00%  min.  and  0.03%  max. 

All  possible  others 0.00% 
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Physical. — The   desired  physical  properties  must  be  aimed  for. 

Ultimate  tensile  strength ...  Desired,  60  000  lb.  per  sq.  in.  (may 

vary  1  500  lb.  either  way.) 

Elastic  limit  (yii'Id  point) .  .Desired,  38  000  lb.  per  sq.  in.  (may 

vary  1  000  lb.  either  way.) 

Elongation  in  8  in Desired,  28%    (may   vary    2%    either 

way.) 

Reduction  in  area Desii-ed,  56%    (may  vary   4%    either 

way.) 

Character  of  fracture Silky,  cup. 

Cold  bend  without  fracture. .180°,  flat,  on  itself. 

Specifications   for  Workmanship  for  Special   Test  Columns 
FOR  THE  Bureau  of  Standards,  U.  S.  Government. 

In  general,  the  American  Railway  Engineering  Association  Specifi- 
cations will  govern  this  work,  with  the  following  changes  and  additions 
thereto : 

The  workmanship  required  for  these  columns  is  to  be  gild-edged. 

Each  piece  of  rolled  material  is  to  be  absolutely  true  to  dimensions 
and  made  absolutely  straight. 

The  punching  must  be  exact,  and  holes  must  be^^^  in.  smaller  than 
diameter  of  rivet.  The  holes  must  be  reamed  when  pieces  are  assem- 
bled into  columns. 

The  columns  will  be  riveted  by  stitch-riveting  them  on  alternate 
sides,  in  order  to  prevent  warping,  and  to  produce  absolutely  straight 
columns.  Slight  deviations  from  a  straight  line  of  axis,  changes  in 
sections  or  windings,  etc.,  must  be  carefully  removed,  so  as  to  produce 
the  most  perfect  column  shafts  possible. 

Facing  of  ends  to  be  absolutely  at  right  angles  to  axis  of  column, 
and  thus,  of  course,  parallel  to  each  other. 
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PROGRESS  REPORT 

OF    SPECIAL    COMMITTEE    ON 

BITUMINOUS  MATERIALS  FOR  ROAD  CONSTRUCTION. 

To  THE  American  Society  of  Civil  Engineers. 

Ckxtlemen: — Your  Special  Committee  on  "Bituminous  Materials 
I'lir  Road  Coustruction"  respectfully  submits  tlie  followiui?  Progress 
Koport : 

Your  Coniniitteo  has  especially  considered  during  the  past  year  the 
various  methods  of  writing  specifications  covering  the  physical  and 
clieinico.l  properties  of  bituminous  materials  for  use  in  the  construc- 
tion of  bituminous  surfaces  and  bituminous  pavements. 

^fany  of  these  properties  vary  to  a  remarkable  degree,  dependent 
primarily  upon  the  source  of  the  material  and  the  methods  employed 
in  refining.  It  is  recognized  that  it  is  often  essential  to  specify  narrow 
limitations  of  certain  properties  in  order  to  secure  desired  chemical 
and  physical  characteristics  and  uniformity  in  the  manufactured  ma- 
terial. It  is  not  in  many  cases  practicable  to  specify  the  same  limita- 
tions, except  for  materials  obtained  from  the  same  or  similar  sources 
and  prepared  in  the  same  manner. 

Therefore  it  is  suggested  that,  for  the  present  at  least,  whenever 
comprehensive  specifications  are  to  be  prepared  so  as  to  admit  a  variety 
of  types  of  materials,  separate  specifications  as  may  be  necessary  be 
prepared  for  each  type.  As  an  illustration,  the  specification  for  the 
bituminous  cement  to  be  used  in  the  construction  of  a  bituminous 
pavement  by  tlie  mixing  method  might  contain  independent  specifica- 
tions covering,  within  narrow  limits,  the  physical  and  chemical  prop- 
erties of  each  of  the  following  bituminous  materials:  refined  water-gas 
tars,  refined  coal-gas  tars,  mixtures  of  tars,  asphalts  containing  native 
bitumen  from  one  or  more  sources,  asphalts  obtained  by  refining  pe- 
troleum from  one  or  more  sources,  and  asphalts  whicli  are  solid  or 
semi-solid  compounds  composed  of  the  bitumens  mentioned  with  pe- 
troleums or  derivatives  thereof. 

Your  Committee,  recognizing  an  unfortunate  tendency  to  use  as 
the  generic  expression  the  terms  "bituminous  material"  and  "bitumen" 
synonymously,  recommends  that  the  term  "bituminous  material"  be 
used  as  a  generic  expression  when  referring  to  road  and  paving  ma- 
terials containing  bitumen,  and  that  the  term  "bitumen"  be  used  in 
a  restricted  sense  as  covered  by  the  following  definition  adopted  by 
the  American  Society  for  Testing  Materials : 

"Eitimiens  are  mixtures  of  native  or  pyrogenous  hydrocarbons  and 
their  non-metallic  derivatives,  which  may  be  gases,  liquids,  viscous 
liquids,  or  solids,  and  which  are  soluble  in  carbon  disulphide." 

An  illustration  of  ambiguity  in  the  use  of  the  two  terms  may  be 
found   in   some  descriptions   of  bituminous  ])avements,  where   a  bitu- 
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minous  cement,  only  75%  soluble  in  carbon  disvilphide,  was  used.  In 
the  general  description  of  these  pavements,  the  word  "bitumen"  was 
used  to  refer  to  the  material  as  a  whole,  while,  in  giving  the  analysis 
of  the  mix,  the  word  "bitumen"  was  used  to  refer  only  to  that  portion 
of  the  cement  soluble  in  carbon  disulphide. 

Your  Committee,  in  its  Report  at  the  last  Annual  Meeting  of  the 
Society,  recommended  then  that  especial  attention  be  directed  during 
the  year  1912  to  the  following  points : 

(a) — The  maximum  amount  of  distillate  from  tars  coming  over, 
up  to  170°  cent.,  that  can  satisfactorily  be  allowed; 

(h) — The  maximum  percentage  of  free  carbon  that  can  be  success- 
fully allowed  in  a  tar  used  for  superficial  treatment  under 
varying  climatic  conditions; 

(c) — The   maximum    amount   of    residue   and   the   limitations   of 
penetration  thereof  that  can  be  satisfactorily  permitted  in  an 
asphaltic  oil  used  for  superficial  treatment. 
Your  Committee  then  recommended,  also,  that  general   considera- 
tion be  given  to 

(d) — The  use  of  a  seal  coat  on  bituminous  pavements  constructed 
by  the  mixing  method;  and 

(e) — The  establishment  of  standards  for  arriving  at  figures  of  cost 
on  engineering  work,  especially  road  work. 

Taking  these  points  seriatim,  your  Committee,  having  given  them 
especial  attention  during  the  past  year,  now  agrees  as  follows: 

(a) — The  maximum  amount  of  distillate,  up  to  170°  cent.,  allow- 
able in  tars  may  depend  upon  the  proportions  of  the  other  fractions 
in  a  tar,  or  upon  the  conditions  of  use  of  the  tar,  or  upon  the  condi- 
tions on  the  road  surface  after  its  construction,  or  possibly  upon  some 
other  factors.  Although  the  Committee  has  endeavored  to  secure  all 
possible  information,  it  feels  that  certain  important  data  are  still  lack- 
ing, and  therefore  deems  it  best  to  refrain  now  from  stating  what 
might  seem  to  be  too  hasty  conclusions  in  the  matter. 

(&) — Your  Committee  submits  that  considerable  evidence  seems  to 
make  undesirable  in  tars  for  superficial  treatments  the  presence  of 
free  carbon  beyond  a  maximum,  dependent  on  the  fraction  distillable 
between  170  and  300°  cent.,  in  order  at  least  to  avoid  brittleness  at 
low  temperatures. 

(c) — Your  Committee  agrees  that  the  maximum  amount  of  residue 
allowable  in  an  asphaltic  oil  used  for  superficial  treatment  should  be 
as  great  as  permitted  by  the  physical  conditions  of  its  use,  subject  to 
certain  limits  in  the  penetration  of  this  residue,  and  that  such  limits 
in  penetration  should  be: 
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A  minimum  which  will  ensure  against  excessive  hardness  or  slip- 
per iness  under  travel,  at  low  temperatures. 

A  maximum  which  will  ensure  against  excessive  softness  or  lack 
of  body  at  the  highest  temperatures  to  be  expected  after  use 
on  the  road. 

(d) — Your  Committee  has,  as  it  recommended  last  year,  devoted 
considerable  attention  to  the  use  of  a  seal  coat  on  mixed  bituminous 
pavements,  but  simply  wishes  at  this  time  to  recommend  further  in- 
vestigation concerning  the  use  of  seal  coats  on  all  types  of  bituminous 
pavements. 

(e) — Your  Committee  renews  its  recommendation  of  last  year  re- 
garding the  establishment  of  standards  for  the  record  and  compilation 
of  cost  figures. 

Your  Committee  also  last  year  in  its  Report  advocated  the  adoption 
of  two  expressions,  viz.,  ''Bituminous  Surfaces"  and  "Bituminous 
Pavements",  to  cover  the  ordinary  uses  of  bituminous  materials  in 
road  construction,  and  defined  the  application  of  each.  It  now  wishes 
to  report  that  these  terms,  as  defined  by  the  Committee,  seem  to  have 
been  widely  adopted,  with  general  benefit.  Your  Committee  now 
further  advocates  the  adoption  of  the  following  definition: 

"Bituminous  Concrete  Pavements"  are  those  composed  of  stone, 
gravel,  sand,  shell,  or  slag,  or  combinations  thereof,  and  bituminous 
materials  incorporated  together  by  mixing  methods. 

Very  respectfully, 

W.  W.  Crosby,  Chairman, 

Hubert  K.  Bishop, 

Arthur  W.  Dean, 

Arthur  H.  Blanchard,  Secretary. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  July,  Thanlcsgiving  Day,  and 
Christmas  Day. 

FUTURE    MEETINGS 

March  5th,  1913.— 8.30  P.  M. — A  regular  biisiness  meeting  will 
be  held,  and  a  paper  by  Caleb  Mills  Saville,  M.  Am.  Soc.  C.  E., 
entitled  "Hydrology  of  the  Panama  Canal,"  will  be  presented  for 
discussion. 

This  paper  was  printed  in  Pioceedings  for  January,  1913. 

March  19th,  1913.— 8.30  P.  M. — At  this  meeting  a  paper  by  E.  J. 
Schneider,  ]\1.  Am.  Soc.  C.  E.,  entitled  "Construction  Problems, 
Dumbarton  Bridge,  Central  California  Railway,"  will  be  presented 
for  discussion. 

This  paper  was  printed  in  Proceedings  for  January,  1913. 

April  2d,  1913. — 8.30  P.  M. — This  will  be  a  regular  business  meet- 
ing. Two  papers  will  be  presented  for  discussion,  as  follows:  "Shear- 
ing Strength  of  Construction  Joints  in  Stems  of  Reinforced  Concrete 
T-Beams,  as  Shown  by  Tests,"  by  Lewis  J.  Johnson,  M.  Am.  Soc,  C.  E., 
and  John  R.  Nichols,  Jun.  Am.  Soc.  C.  E.;  and  "Eremantle  Graving 
Dock:  Steel  Dam  Construction  for  North  Wall,"  by  Joshua  Fielden 
Ramsbotham,  Assoc.  M.  Am.   Soc.   C.  E. 

These  papers  are  printed  in  this  number  of  Proceedings. 

SEARCHES   IN   THE    LIBRARY 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  Avork  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library, 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 
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111  rcferonoo  to  this  work,  the  Appendices*  to  the  Annual  Eeports 
of  the  Board  of  Direction  for  the  years  ending  Decemher  31st,  1906, 
and  Decemher  31st,  1910.  contain  summaries  of  all  searches  made 
to  date. 

PAPERS   AND   DISCUSSIONS 

]\rembers  and  others  wlio  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and.  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  iinder  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

LOCAL   ASSOCIATIONS  OF   MEMBERS 

OF  THE   AMERICAN   SOCIETY   OF   CIVIL   ENGINEERS 

San  Francisco  Association 

The  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
6  p.  M.,  at  the  Palace  Hotel  on  the  third  Friday  of  February,  April, 
June,  August,  October,  and  December,  the  last  being  the  Annual 
Meeting  of  the  x\ssociation. 

Informal  luncheons  are  held  at  12.15  p.  M.,  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretaiy  of  the  As.sociation.  E.  T.  Thurston,  Jr.,  M.  Am.  Soc.  C.  E., 
713  ;^^echanics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

*  Proceed iugs.  Vol.  XXXIII,  p.^20.(  January,  I'JOT)';  Vol.  XXXVII,  p.  28  (January,  19U). 
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Colorado  Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary,  Gavin  N.  Houston,  M.  Am.  Soc.  C.  E.,  409  Equitable 
Building,  Denver,  Colo.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and,  until  further 
notice,  will  take  place  at  the  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of  Minutes  of  Meetings) 

December  14th,  1912.— The  meeting  was  called  to  order;  President 
Ketchum  in  the  chair;  G.  N.  Houston,  Secretary;  and  present,  also,  18 
members  and  5  guests. 

A  paper  entitled  "Proposed  Legislation"  was  presented  by  C.  W. 
Comstock,  M.  Am.  Soc.  C.  E.,  after  which  Mr.  E.  F.  Bohm,  of  the 
Great  West  Magazine,  reviewed  the  irrigation  situation  in  the  West. 
A  general  discussion  of  the  subject  followed. 

The  proposed  bill  for  licensing  engineers  in  Colorado  was  discussed, 
and,  on  motion,  was  referred  to  the  Committee  which  had  it  in  charge 
during  the  past  year,  with  instructions  to  introduce  it  again,  without 
change,  in  the  next  Legislature.  On  request  President  Ketchum's 
place  on  the  Committee  was  taken  by  Secretary  Houston. 

A  general  discussion  followed,  in  which  nearly  all  present  took  part. 

Adjourned. 

January  iitli,  19 13.^ — The  meeting  was  called  to  order;  President 
Ketchum  in  the  chair;  G.  N.  Houston,  Secretary;  and  present,  also, 
16  members  and  7  guests. 

Messrs.  G.  G.  Anderson,  J.  C.  Ulrich,  and  H.  S.  Crocker  were 
appointed  an  Auditing  Committee. 

Messrs.  Anderson,  Comstock,  Field,  Crocker,  and  Houston,  were 
appointed  a  Committee  on  Legislation  to  look  into  proposed  legislation 
affecting  engineering  practice  in  general,  and  make  such  suggestions 
as  they  deem  proper. 

A  paper  entitled  "The  Prewitt  Irrigation  Proposition"  was  pre- 
sented by  J.  C.  Ulrich,  M.  Am.  Soc.  C.  E.,  who  illustrated  his  re- 
marks with  lantern  slides. 

Adjourned. 

Atlanta   Association 

On  March  14th,  1912,  the  Atlanta  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized,  with  the  following 
officers:  Arthur  Pew,  President;  William  A.  Hansell,  Jr.,  Secretary; 
and  Messrs.  James  N.  Hazlehurst  and  Alexander  Bonnyman,  Members 
of  the  Executive  Committee.  The  Association  will  hold  its  meetings 
in  the  house  of  the  University  Club. 
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PRIVILEGES  OF  ENQINEERINQ  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY   OF  CIVIL  ENGINEERS 

McinbiMs  of  till'  Anu'rii-au  Socioty  of  Civil  Engineers  will  be  wel- 
coiiud  In  the  following  Engineering  Societies,  both  to  the  use  of  their 
Ktadiiig  Kdonis  and  at  all  meetings: 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City. 
American  Society  of  Mechanical  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
Architelcten-VereIn  zu  Berlin,    Wilhelmstrasse   92,   Berlin   W.    06, 

Germany. 
Associagao  dos  Engenheiros  CivIs  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,    Melbourne,    Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremont   Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  413   Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,    Chamber   of   Commerce    Building, 

Cleveland,  Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Dansk   Ingeniorforening,  Anialiegade  38,  Copenhagen,  Denmark. 
Engineers'  and   Architects'  Club    of    Louisville,   Ky.,    303  Norton 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md, 
Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 

Minn. 
Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 
Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 
Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 

Canada. 
Engineers'  Society  of    Northeastern   Pennsylvania,    302    Board    of 

Trade  Building,  Scran  ton,  Pa. 
Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 

Pa. 
Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 

Pittsburgh,  Pa. 
Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 
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Institution  of  Engineers  of  the  River  Plate,  Buenos  Aires,  Ar- 
gentine Republic. 

institution  of  Naval  Arcliitects,  5  Adelphi  Terrace,  London,  W.  C, 
England. 

Junior  Institution  of  Engineers,  39  Victoria  Street,  Westminster, 
S.  W.,  London,  England. 

Koninl<lijIc  Instituut  van  ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  321  Hibernia  Bank  Building,  New 
Orleans,  La. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyne,  England. 

Oesterreichischer  Ingenieur=  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, Wash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur-  und  Architekten-Verein,  Dresden,  Germany. 

Sociedad  Colombiana  de  Ingenieros,  Bogota,  Colombia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,  Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  Rue  Blanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  England. 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago,  111. 
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DONATIONS 
THE  ECONOMICS  OF  RAILROAD  CONSTRUCTION. 

By  Walter  Loriiig-  Webl).  M.  Am.  Soc.  C.  E.  Second  Edition, 
Kevised.  Cloth,  S^  x  5i  in.,  illus.,  10  +  347  pp.  New  York,  John 
Wiley  &  Sons;  London,  Chapman  &  Hall,  Limited,  1912.     $2.50. 

The  first  edition  of  this  work  was  published  in  1906.  Since  that  time  the 
Interstate  Commerce  Commission  has  made  changes  in  the  classification  of 
operating  expenses,  which,  it  is  stated,  necessitated  a  practical  rewriting  of  the 
chapters  on  that  subject,  as  well  as  those  on  Distances,  Curvature,  and  Grade. 
The  changes  in  the  first  chapters  consist  principally  of  enlarging  tables  and  dia- 
grams and  of  bringing  them  up  to  date.  As  in  the  previous  edition,  this  book 
is  written,  it  is  stated,  from  the  standpoint  of  the  constructing  or  operating  engi- 
neer, railroad  legislation  and  kindred  subjects  being  considered  only  as  they 
affect  questions  which  must  be  answered  by  the  railroad  engineer,  namely, 
legal  methods  of  organization,  railroad  finance,  etc.  The  Contents  are:  Part  I, 
Financial  and  Legal  Elements  of  the  Problem  :  Railway  Statistics  ;  The  Organiza- 
tion of  Railroads  ;  Capitalization  ;  The  Valuation  of  Railroad  Property ;  Estima- 
tion of  Volume  of  Traffic.  Part  II,  Operating  Elements  of  the  Problem :  Operat- 
ing Expenses ;  Motive  Power ;  Economics  of  Car  Construction ;  Track  Economics ; 
Train  Resistance ;  Momentum  Grades.  Part  III,  Physical  Elements  of  the  Ques- 
tion :  Distance ;  Curvature ;  Minor  Grades ;  Ruling  Grades ;  Pusher  Grades ; 
Ralancing    Grades     for    Unequal     Traffic ;     Index. 

A  HANDBOOK  OF  ENGLISH  FOR  ENGINEERS. 

By  Wilbur  Owen  Sypherd.  Leather,  7  x  4^  in.,  314  pp.  Chicago 
and  New  York,  Scott,  Foresman  and  Company,  1913.     $1.50. 

This  book  is  designed  primarily,  it  is  stated,  to  provide  a  manual  of  technical 
English  and  composition  for  advanced  engineering  students  and  for  young  engineers 
in  actual  practice,  together  with  specific  instruction  in  the  writing  of  business 
letters,  reports,  instructions,  estimates,  specifications,  and  contracts,  and  articles  for 
technical  journals.  Chapter  I  is  devoted  to  the  specific  discussion  of  the  planning 
and  presentation  of  technical  papers,  kinds  of  writing,  language,  form,  etc.,  and, 
for  the  purposes  of  analysis  and  illustration,  may  be  used  in  connection  with 
Chapter  V,  which  contains  specimens  of  technical  articles  from  various  fields  of 
engineering.  In  Chapter  II  are  given  rules  for  the  use  of  abbreviations,  hyphens, 
numbers,  capital  letters,  etc.,  which  are  said  to  be  in  accord  with  the  best  practice 
in  engineering  writing.  Business  letters  and  reports  are  discussed  in  Chapter  III, 
particular  stress  being  laid,  it  is  stated,  on  the  writing  of  letters  of  application. 
In  Chapter  IV,  the  author  discusses  the  various  kinds  of  reports,  and  e.\amples  of 
reports  on  laboratory  experiments,  tests,  progress  work,  inspection  work,  etc.,  are 
given.  The  .'\ppendices  contain  directions  for  proof-reading,  examples  of  faulty 
paragraphs  and  sentences,  lists  of  words  frequently  misused  and  misspelled,  and 
a  bibliography  of  the  subjects  treated  in  the  book.  The  Contents  are  :  The  General 
Problems  of  Engineering  Writing :  Mechanical  Details  Common  to  the  Various 
Forms  of  Technical  Writing;  Business  Letters;  Reports;  Articles  for  Technical 
.Journals  ;   Index. 

AMERICAN  CIVIL  ENGINEERS'  POCKET  BOOK. 

By  Mansfield  Merriman,  ^I.  Am.  Soc.  C.  E.,  Editor-in-Chief; 
Messrs.  Ira  O.  Baker,  Arthur  H.  Blanchard,  Charles  B.  Breed,  Walter 
J.  Douglas,  Louis  A.  Fischer,  George  A.  Goodenough,  Allen  Hazen, 
Frank  P.  McKibben,  Edward  K.  jVIaurer,  Eudolph  P.  ]\riller,  Alfred 
Xoble,  Frederick  E.  Turneaure,  Walter  Loring  Webb,  Gardner  S. 
Williams,  Associate  Editors.  Second  Edition,  Enlarged.  Leather, 
7  X  4i  in.,  illus.,  8  +  1473  pp.  New  York,  John  Wiley  &  Sons; 
London,  Chapman  &  Flail,  Limited,  1912.     $5.00. 

In  the  preface  to  the  first  edition  the  fundamental  principles  observed  in  the 
preparation  of  this  book  are  stated  to  have  been:  (1)  The  selection  of  topics  to 
which   engineers   desire   to   refer;    (2)    The   condensation   of   the   matter   so   that   the 

•Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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greatest  amount  may  be  put  in  the  assigned  space  and,  at  the  same  time,  be 
clearly  represented;  (3)  The  fact  that  this  pocket-book  must  be  better  and  fuller 
than  any  hitherto  published  in  the  English  language.  The  former  arrangement  of  the 
subject-matter  is  followed  in  this  edition.  Two  new  sections  have  been  added,  as 
well  as  much  new  matter  in  the  case  of  the  other  sections,  and  the  editor  hopes 
that,  in  its  enlarged  form,  the  book  may  advance  sound  engineering  practice  and 
assist  the  younger  members  of  the  Profession  to  a  greater  extent  than  before.  The 
Contents  are :  Mathematical  Tables,  by  Mansfield  Merriman  ;  Surveying,  Geodesy, 
Railroad  Location,  by  Charles  B.  Breed  ;  Steam  and  Electric  Railroads,  by  Walter 
Lioring  Webb ;  Materials  of  Construction,  by  Rudolph  P.  Miller ;  Plain  and  Re- 
inforced Concrete,  by  Frederick  E.  Turneaure ;  Masonry,  Foundations,  Earthwork, 
by  Ira  O.  Baker ;  Masonry  and  Timber  Structures,  by  Walter  J.  Douglas ;  Steel 
Structures,  by  Frank  P.  McKibben  ;  Hydraulics,  Pumping,  Water  Power,  by  Gard- 
ner S.  Williams  ;  Water  Supply,  Sewerage,  Irrigation,  by  Allen  Hazen ;  Dams, 
Aqueducts,  Canals,  Shafts,  Tunnels,  by  Alfred  Noble  and  Silas  H.  Woodard  ;  Mathe- 
matics and  Mechanics,  by  Edward  R.  Maurer ;  Physics,  Meteorology,  Weights  and 
Measures,  by  Louis  A.  Fischer ;  Steam  and  Electric  Engineering,  by  George  A. 
Goodenough  and  F.  Malcolm  Farmer  ;  Highways  and  Streets,  by  Arthur  H.  Blanch- 
ard  ;  Index,  by  Clinton  L.  Bogert. 

EARTHWORK  AND  IXiS  COST. 

By  Halbert  Powers  Gillette,  M.  Am.  Soc.  C.  E.     Second  Edition. 

With  a  Chapter  on  Ditching  and  Trenching  Machinery,  by  E.  E.  R. 

Tratman,  Assoc.  M.  Am.  Soc.  C.  E.     Cloth,  9^  x  6^  in.,  illus.,  11  + 

238  pp.     New  York  and  London.  McGraw-Hill  Book  Company,  1912. 

$2.00. 

It  is  stated  that  it  is  only  through  a  knowledge  of  cost  details,  such  as 
are  obtained  from  a  study  of  tools  and  methods  of  construction,  that  an  engineer 
can  hope  to  design  economic  structures  and  predict  the  actual  cost  with  accuracy, 
and  the  author's  principal  aim  in  this  book  has  been,  it  is  said,  to  formulate  rules 
and  lay  down  principles  to  be  used  by  engineers  and  contractors  in  estimating 
such  costs.  The  Chapter  headings  are :  Introduction ;  Earth  Shrinkage ;  Earth 
Classification  and  Factors  in  Estimating  Earthwork ;  Cost  of  Loosening  and 
Shoveling ;  Cost  of  Dumping,  Spreading,  Rolling,  etc..  Cost  of  Wheelbarrows  and 
Carts ;  Cost  by  Wagons ;  Cost  by  Buck  and  Drag  Scrapers ;  Cost  by  Wheel 
Scrapers ;  Cost  by  Elevating  Grader ;  Cost  by  Steam  Shovel ;  Cost  by  Cars ; 
How  to  Handle  a  Steam  Shovel  Plant ;  Summary  and  Table  of  Costs  ;  The  Cost  of 
Hydraulic  Excavation;  Cost  of  Dredging;  Miscellaneous  Cost  Data;  Earth  and 
Earth  Structures ;  Appendix  A,  Rapid  Field  and  Office  Survey  Work  ;  Appendix 
B,  Overhaul  Calculation  ;  Appendix  C,  A  Small  "Home-Made"  Dipper  Dredge  or 
Steam  Shovel ;  Appendix  D,  Ditching  and  Trenching  Machinery,  by  E.  B.  R.  Tratman  ; 
Index. 

RAILROAD  CONSTRUCTION. 

By  Charles  Lee  Crandall,  M.  Am.  Soc.  C.  E.,  and  Fred  Asa  Barnes, 
Assoc.  M.  Am.  Soc.  C.  E.  Cloth,  9^  x  6^  in.,  illus.,  8  +  321  pp. 
New  York  and  London,  McGraw-Hill  Book  Company,  1913.     $3.00. 

The  preface  states  that  this  book  had  its  beginning  in  some  notes  on  railroad 
construction  which  were  issued  in  mimeograph  form  for  the  use  of  students  in  the 
College  of  Civil  Engineering  at  Cornell  University  about  twenty-five  years  ago. 
These  notes  have  been  frequently  revised  and  brought  up  to  date  and  are  now 
presented  in  book  form  for  general  use.  The  subject-matter  deals  directly  with 
construction  work  and  includes  descriptions  of  methods,  materials,  plant,  costs. 
etc.  At  the  end  of  each  chapter  references  to  books  dealing  with  the  subject 
discu.ssed  are  given,  which,  it  is  hoped,  will  stimulate  the  student  to  do  outside 
reading  and  aid  the  young  engineer  in  obtaining  special  information  as  to  handling 
work.  The  Chapter  headings  are :  Introductory ;  Earthwork ;  Rock  Excavation  ; 
Tunneling :  Masonry  :  Foundations  ;  Culvert  and  Bridge  Masonry  :  Trestles  and 
Bridges  ;   Track  Material  and  Roadbed  ;   Estimates  and  Records  ;    Index. 

Gifts  have  also  been  received  from  the  following: 

Am.   Mathematical   Soc.   1   pam.  Boston,     Mass. -Public     Works     Dept.       1 

Am.  Ry.  Assoc.   1   pam.  bound  vol. 

Am.  Rolling  Mill  Co.  1  bound  vol.  Boston,    Mass. -Transit    Comm.       1    bound 

Am.  Water-Works  Assoc.  1  bound  vol.  vol. 

Arnold,  Bion  .T.     4  pam.  P.rooklyn,    N.    Y.-President    of    the    Bor- 

Assam,   India-Public  Works  Dept.   1  pam.  ough.     1   bound  vol. 

Barraclough,    S.    H.    1    pam.  Butte,    Mont.-City   Engr.      3  pam. 

Boston,    Mass. -Board    of    Commrs.,    Dept.  California-Board        of        State        Harbor 

of  Parks.      1   pam.  Commrs.     1  pam. 
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California-state     Board    of     Equalization. 

1  pam. 

California.   Univ.   of.      1   vol.,   1   pam. 
Canada-Comm.  of  Conservation.     1  bound 

vol. 
Canada-Commrs.  of  Transcontinental   Ry. 

4  pam. 
Canada-Dept.    of    Marine    and    Fisheries. 

2  vol.,  1  pam. 

Canada-Dept.  of  Rys.  and  Canals.     1  vol., 

1  pam. 

Canadian    Min.    Inst.     2   para. 
Canadian   Pacific  Ry.   Co.     3  pam. 
Case  School  of  Applied  Sci.     1  vol. 
Chicago,     111. -Civil     Service     Comm.        1 

pam. 
Chicago,    Peoria    &    St.    Louis    Ry.    Co.    of 

Illinois.      1   pam. 
Cincinnati,    Hamilton    &    Dayton    Ry.    Co. 

3  pam. 

Cleveland  Eng.   Soc.     1  bound  vol. 

Colorado  School  of  Mines.      1  vol. 

Columbia   Coll.      1    pam. 

Columbia  Univ.      4  vol. 

Connecticut-Sheil-Fish    Commrs.      1    pam. 

Connecticut-State  Library.      1  pam. 

Connecticut-T.nx  Commr.      1   vol. 

Cory,  H.   T.      2  bound  vol. 

Cumberland  Valley  R.  R.  Co.     5   pam. 

Darrach,    Charles    Gobrecht.      1    pam. 

Dartmouth   Coll.      1  vol. 

Dunn.   Gano.      1   pam. 

Emerson,  Harrington.     2  pam. 

Eng.     Assoc,    of     New    South    Wales.       1 

bound  vol. 
Etcheverry,  B.  A.      2  vol. 
Fenkell,  George  H.      1  pam. 
Ferrocarriles     Xacionales     de     Mexico.     1 

pam. 
Goltra.    W.    F.      1    pam. 
Great  Eastern  Ry.  Co.     3  pam. 
Great  Northern  &  City  Ry.  Co.     1  pam. 
Gulf  &  Ship  Island  R.  R.  Co.      3  pam. 
Hannover  Kgl.  Technische  Hochschule.     I 

pam. 
Harvard    Univ.      1    vol. 
Illinois-Sfnto  Highway  Comm.   1   para. 
Indiana-State  Library.      1  vol. 
Institution   of  Civ.    Engrs.      2  bound  vol., 

2  vol. 

Institution  of  Gas  Engrs.     1  bound  vol. 
Institution  of  Min.  and  County  Engrs.     1 

bound   vol. 
Institution    of    Min.    and    Metallurgy.       1 

bound  vol. 
Institution  of  Min.  Engrs.     1  pam. 
Institution    of    Naval    Archts.       1    bound 

vol. 
Jefferds,  Mosc .«  R.     1  vol.,  5  maps. 
Kansas-State   School  of  Mines  and  Metal- 
lurgy.     1    pam. 
Kelly,  C.  W.      1    bound  vol.,  9   pam. 
Koninklijk    Iiisfitnut    van    Ingenieurs.       1 

pam. 
London.  England-County  Council.     1  pam. 
Louisiana-State  Board  of  Health.     1  pam. 
Luedecke,   C.      3   pam. 
McGill   Univ.      1    bound  vol. 
McMinn,   T.    J.      6   pam. 
Madras,     India-Public     Works     Dept.       1 

pam. 
Maine-State  Supt.  of  Schools.      2  pam. 
Maryland-State  Dept.  of  Health.      2  pam. 
Massachusetts-State   Board   of   Health.      3 

pam. 
Massachusetts  Inst,  of  Tech.     1  vol. 
Mexican  Southern  Ry.  Co.,   Ltd.     1  pam. 


Michigan-State  Board  of  Health.     1  bound 

vol. 
Michigan,  Univ.  of.      1  bound  vol. 
Minnesota-State   Forester.      1   bound  vol. 
.Minnesota-State  Highway  Comm.     6  pam. 
•Mississippi  Agri.  and  Mcch.  Coil.     1  pam. 
.Mississippi  River  Power  Co.      1  pam. 
Missouri-Bureau    of    Geology    and    Mines. 

1  bound  vol. 
Missouri-Bureau  of  Mines,  Min.,  and  Mine 

Inspection.      1   bound  vol. 
.\Iissouri-R.   R.  and  Warehouse  Comm.     1 

bound  vol. 
Missouri-Waterway  Comm.     1  vol. 
Missouri  Univ. -School'  of  Mnes  and  Metal- 
lurgy.     4   pam. 
.Montana-Insp.  of  Mines.     1  pam. 
Montana-R.   R.   Comm.      1  bound  vol. 
National  Civic  Federation.     3  pam. 
New  Hampshire-State  Tax  Comm.     1  vol. 
Xew   Jersey-State  Board  of  Assessors.      2 

bound  vol.,  1  pam. 
New     London,     Conn. -Water     and     Sewer 

Dept.     1  pam. 
New  York  City-Commr.  of  Public  Works. 

1  pam. 
New    York    State-Public    Service    Comm., 

Second  Dist.     6  pam. 
New     York-State     Dept.     of     Health.       1 

bound  vol. 
New    York    State-Watkins    Glen    Reserva- 
tion Comm.     1  pam. 
New    York   City   Record.      1   bound   vol. 
New  York  State  Coll.  of  Forestry.     1  pam. 
Ohio-Auditor  of  State.     2  vol. 
Ohio-Chief  Insp.   of  Mines.      1   bound  vol. 
Ohio-Gen.    Assembly.      1  bound   vol. 
Ohio-Geol.  Survey.     1  bound  vol. 
Ohio-State  Library.      1    pam. 
Ohio    Soc.     of    Mech.,     Elec.     and     Steam 

Engrs.      8   pam. 
Ohio  State  Univ.     1  vol.,  1  pam. 
Oklahoma-Corporation    Comm.       1    bound 

vol. 
Oklahoma-Geol.    Survey.      1    pam. 
Ontario,   Canada-Bureau   of  Mines.    1   vol. 
Oregon-State  Board  of  Health.     1  pam. 
Oregon-State   Forester.     1   pam. 
Panama  R.  R.  Co.     1  pam. 
Pennsylvania-Bureau    of    Industrial    Sta- 
tistics.     1  bound  vol. 
Pennsylvania-Dept.  of  Forestry.     1  bound 

vol. 
Permanent     Inter.   Assoc,     of     Navigation 

Congresses.     1  bound  vol.,  22  pam. 
Philadelphia.    Pa.-Bureau   of   Surveys.      1 

bound  vol. 
Philadelphia,  Pa.-Mayor.      3  bound  vol. 
I'liilippine  Islands-Bureau  of  Forestry.     1 

pam. 
I'liilippine  Islands-Bureau  of  Sci.     1  pam. 
Porto  Rico-Commrs.  of  Agri.     1  pam. 
Providence,  R.   I.-Dept.   of  Public  Works. 

1   pam. 
Ry.    Signal    Assoc.      1    pam. 
Reibling,  W.  C.     2  pam. 
Rhoades,  John  Hansen.     1  pam. 
Rhode    Island-Board    of    Harbor    Commrs. 

1  pam. 
Rhode   Island-Board   of  Public   Roads.      1 

bound  vol. 
Rhode     Island-Commr.     of     Forestry.       1 

pam. 
Ricliiuond.     Va. -Special      Accountant.        6 

bound  vol. 
Salem,  Mass. -City  Plans  Comm.     1  pam. 
Smithsonian  Institution.     2  bound  vol. 
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Soc.  of  Naval  Archts.  and  Marine  Engrs.  V.  S. -Office  of  Public  Roads.     2  pam. 

1  pam.  U.  S.-Supt.  of  Yellowstone  National  Park. 
Soc.  of  Ry.  Club  Secretaries.     1  pam.  1  pam. 

South    Dakota-Bureau    of    R.    R.    Commrs.  Utah-Agri.   Exper.   Station.      6  pam. 

1  pam.  \'irginia,   Univ.   of.      1  vol. 

Tennessee-Min.   Dept.      1  bound  vol.  Wa.'^hington-Commr.   of   Public   Lands.      1 
Tennessee-State  Geol.    Survey.   10   pam.  vol. 

Texas-R.  R.  Comm.     1  vol.  Washington-Public  Service  Comm.     1  vol., 
Texas  &  Pacific  Ry.   Co.      1  pam.  1  pam. 

Tokyo  Imperial  Univ.     1  vol.  Washington-State  Library.      1   pam. 

U.  S. -Bureau  of  Mines.     5  pam.  Western   Australia-Dept.   of  Mines.   1   vol. 

U.   S. -Bureau  of  Standards.   2   pam.  White,  W.  H.      1  pam. 

U.    S. -Bureau  of  the  Census.      1   pam.  Wisconsin-Insp.    of   Illuminating    Oils.      1 
U.    S.-Chf.    of    Engrs.      2    bound    vol.,    19  pam. 

specif.  Wisconsin-R.    R.    Comm.      2    pam. 

U.  S.-Commr.  of  Lighthouses.     1  pam.  Wyoming-State  Engr.     1  pam. 

U.   S. -Library   of   Congress.    1   bound   vol.,  Wyoming-State  Geologist.      1  pam. 

1  pam.  Ynnkers,  N.  Y. -Bureau  of  Water.     1  pam. 

BY    PURCHASE 

A  Handbook  of  Sugar  Analysis :  A  Pnictical  and  Descriptive 
Treatise  for  Use  in  Rescarcli,  Technical  and  Control  Laboratories. 
By  C.  A.  Browne.  .lolm  Wiley  &  Sons,  New  York  ;  Chapman  &  Hall, 
Limited,  London.  1;U2. 

The  Bacteriology  of  Surface  Waters  in  the  Tropics.  By  Wm.  Wesley 
Clemesha.  E.  cS;  F.  N.  Spoil,  Ltd.,  London  ;  Thacker,  Spink  &  Co., 
Calcutta.  1912. 

Preliminary  Studies  in  Bridge  Designs,  Being  the  First  of  a  Series  of 
Small  Volumes,  Each  Complete  in  itself.  Dealing  with  the  Design  of 
Ordinary  nighway  Bridges  of  Moderate  Spans.  By  Reginald  Ryves. 
The  St.'liride's  Press.  Ltd..  London. 

Introduction  to  the  Chemistry  and  Physics  of  Building  Materials. 

r.y  Alan  E.  Munby.     Archibald  Constable  i*c  Co.,  Ltd.,  London,  190!). 

Analysis  of  Metallurgical  and  Engineering  Materials  :  A  Systematic 
Arrangement  of  Lal)oratoi-y  Methods.  ]]y  iL'iny  Wysor.  The  Chemic- 
al Publishing  Co.,  EastcMi.  Pa.:    Williams  t'v:  Xorgate,  London,  1912. 

Railroads,  Rates  and  Regulation.  By  William  Z.  Ripley.  Long- 
mans, Green  and  Co.,  New  Vork  and  Loudon,  1912. 

A  Dictionary  of  Applied  Chemistry.  By  Sir  Edwaid  Thorpe,  Assist- 
ed by  Eminent  Contributors.  \'ol.  ;!.  Revised  and  Enlarged  Edition. 
Longmans,  (Treen  and  Co.,  New  Yoik  and  London,  1912. 

The  Prevention  of  Malaria.  By  IJoland  Ross  and  f)thers.  E.  V. 
Dutton  I'v:  Conii)any.  New  York.  1910. 

Steam  Economy  in  the  Sugar  Factory.  By  Karl  Abraham.  Trans- 
lated from  the  (ierman  Editic)n  by  E.  J.  Bayle.  John  Wiley  &  Sous, 
Xew  York:  Chai)nian  iK:  Hall.  Limited.  Liuidon.  1912. 

Le  Qenie  Civil:  ae  Table  Qenerale  des  Matieres ;  Tomes  21  a  40 
(1892  =  19021.  ('.  II.  Talansiei-,  Admiuistrateur-Delegu('  du  (Tt^nie  Civil, 
Paris. 

Mitteilungen  iiber  Forschungsarbelten  auf  dem  Gebiete  des  Iug(  - 
nieurwesens  insbesondere  aus  den  Laboratorien  der  technischeu  Hoch- 
schulen.  Herausgegebeii  vom  Vereiu  deutseher  Ingenieure.  ITefte 
J2.'>-128.     Julius  Springer,  lierliu,  1912. 
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Royal  Commission  on  Sewage  Disposal:  Eighth  lUport  of  the 
Coniiiiissioiiers  Apixiiiited  to  Imiuiri'  iiiul  Ki'iiort  AVhiit  Methods  of 
Tieatiu-;  and  Disposiiiii"  of  Si'\va«;e  (liuludin.u-  any  Li(|uld  from  any 
Factoiv  or  Maniifacturinii-  Process)  .May  I'roperly  be  Adopt. "d.  \'ol.  1. 
l{eport'.     Publislied  by  Mis  Majesty's  Station,  ly  OMiec  L..n<l..i:.  I!tl2. 

The  World  Almanac  and  Encyclopedia,  1913.  ' '"  ''"^^  I'ul.li^li- 
iiii;'  Co..  Xrw   \'.)ik. 

A  Manual  of  Machine  Drawing  and  Design.  I'.y  David  Allan  Low 
and  Alfred  William  IJevis.  New  Kdition.  1{. 'vised  and  Kidar-cl.  Loiiu- 
maiis.  Green  and  Co..  Xew  York  and  London.  1 !)](). 

Lieber's  Standard  Telegraphic  Code.  \'>y  1'..  Franklin  IJelnr.  Tlie 
Li.'lx'r  C.xle  C...  X.'W  y.>rk.  iSiK'.. 

The    ABC    Universal    Commercial    Electric  Telegraphic    Code, 

Specially  Adai)t.'d  for  the  Use  of  Financiers,  Merchants.  Shi])owners. 
I'nderwriters.  Engineers.  Brokers,  Aucnts.  etc.  By  W.  Clansen-Thue. 
Fifth  Edilii>n.     American  Code  Company.  Xew  York,  IDOL 

Brooklyn    Daily    Eagle   Almanac,  1913:    A    J}ot>k    of   Information, 

(J.-n.'ral  of  tiu'  W.irld.  and  .S]n'cial  of  .Xew  York  City  and  Long  Island. 
Brooklyn  Daily  Faglc.  ]»rooklyn.  N.  Y. 

Notes  on  Hydraulics  :  A  Pocket  Book  of  Useful  Data  for  Engineers, 
Ar.lut.'ct>.  Fa.t.iiy  Managers.  Fire  Insurance  Inspectors,  and  Students. 
By  Ira  .1.  (  )wen.      The  Insurance  Press,  Xew  York. 

Water:  Its  Purification  and  Use  in  the  Industries.  By  \\  illiani 
Wallace  Christi.'.  M.  Am.  Soc.  C.  E.  D.  \'an  Xostrand  Companv.  New 
York,  l!n2. 

Qas  Works  Directory  and  Statistics,  1912  =  13,  AVitli  a  List  of  Chair- 
m.'u.  Managers,  Engineers,  and  Secretaries  and  Lists  of  Associations  of 
Engiiu'ers  and  Managers.      Ilazell,  Watson  and  Yiney,  London,  19P2. 

Royal  Commission  on  Canals  and  Waterways,  ^  ol.  l-!l,  11-12. 
Printed  I'oi-  His  Majesty's  Stationery  Ottice,  Wyman  &  Sons,  Ltd..  London, 
190(;-11. 


SUMMARY  OF  ACCESSIONS 

(From  -January  2d  to  February  1st,  1!)L'3) 

Donations  (including  41  duplicates) 317 

By  purchase :54 


Total 351 
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MEMBERSHIP 

ADDITIONS 

(From  January  3d  to  February  6th,  1913) 

MEMBERS  Date  of 

Membership. 

BuDD,  Ralph.    Aberdeen  Hotel,  St.  Paul,  Minn Jan.  7,   1913 

Caeutheks,    William    Stoddert.      Div.    Engr.,    California 

Highway  Comm.,  1416  0  St.,  Sacramento,  Cal Jan.  7,  1913 

CoNWAT,  John  Sebastian.    Deputy  Commr.  of  |    Assoc.  M.  May  4 

Lighthouses,  Washington,  D.  C jj"  M.  Jan.  7 

Donley,  William  McClurg.     Borough  Engr.,  Boroughs  of 

Carrick,   Mt.    Oliver,   St.    Clair,    and   Knoxville,   Mt. 

Oliver  P.  0.  Station,  Pittsburgh,  Pa Jan.  7,  1913 

Jun.  Nov.  3,   1903 


1909 
1913 


Assoc.  M.     Jan.       4,   1905 
.   1913 

Assoc.  M.     Nov.       1,  1905 
M.  Jan.       7,   1913 


Doty,  John  Williams.     With  The  Foundation 

Co.,   115  Broadway,  New  York  City....    (    "           ""  """ 

Fisher,  Howell  Tracy.  Tunnel  Engr..  Mac- 
kenzie, Mann  &  Co.,  Ltd.,  411  Dorches- 
ter St.,  West,  Montreal,  Que.,  Canada .  . 

Hammer,    Johannes    Marcelius.      Asst.    Engr.,    Isthmian 

Canal  Comm.,  5712  Forbes  St.,  Pittsburgh,  Pa Jan.       7,   1913 

Hanna,  Frank  Willard.     Engr.,  U.  S.  Reclamation  Serv- 
ice,  Washington,   D.   C Jan.       7,  1913 

Hatt,  William  Kendrick.    Prof,  of  Civ.  Eng.,  ^     .           ,,  ,            ,    ,„^r. 

^   T^-      4-        rr    .■        T    ,        ^          r,         /    Assoc.  M.  June      4,  1902 

and  Director,   Testing  Labaratory,   Pur-   I     ,  ^            «    ,^,r, 

,       TT   •       T  ^f       ^4.      T    1                               t  M.  Jan.       7,   1913 

due  Univ.,  Lafayette,  Ind \ 

HuNiCKE,     William     August.      Chf.     Engr.,  j    Assoc.  M.  Mar.      2,  1904 

Louisiana  &  Northwest  Ry.,  Homer,  La.    j    M.  Jan.       7,  1913 

Laird,  Harry  Snedden.     Res.  Engr.,  Am.  Water-Works  & 

Guarantee  Co.,  Hydro-Elec.  Dept.,  Cheat  Haven,  Pa.  .  Dec.       3,   1912 

MacCornack,    Clyde    Webster.      Asst.    Chf.    l    Jun.  Jan.     31,  1905 

Engr.,  Phoenix  Bridge  Co.,  324  Gay  St.,   J-  Assoc.  M.  Dec.       1,   1908 

Phoenixville,   Pa j    M.  Jan.       7,  1913 

Newman,    Jerome.      Clif.    Engr.,    Board    of    State    Harbor 

Commrs.,  18  Ferry  Bldg.,  San  Francisco,  Cal Jan.       7,   1913 

Robinson,  HoLTON  Duncan.    Cons.  Engr.,  357  )    /^"'     ,,  ^^^' 

„,  '      ,„,   ^  „^     ^,       ,,    ,    ^.^      ^                .   Assoc.  M.  Jan.       3,  1894 

West  121st  St.,  New  York  City (    .,  _            „    ,,.,0 

•^                     )   M.  Jan.       7,  1913 

Yates,     William     Henry.      Superv.     Engr.,    '1  Jun.  Feb.       2,  1904 

N.  Y.   State  Barge   Canal,  Barge  Canal    L  Assoc.  M.  Jan.       8,   1908 

Office,   Albany,   N.   Y )  M.  Jan.       7,   1913 

associate  members 

Black,  Roger  Derby.     Capt.,  Corps  of  Engrs.,   )  t            q    lonp; 

U.  S.  A.,  U.   S.  Engr.  Office,  25  North    [  7""      ,,  'i^"-       I'  J^,, 

r.      1   o*      Aiv.           -NT    A7                                 C  Assoc.  M.  Jan.       7,   1913 

Pearl  St.,  Albany,  N.  Y ) 
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ASSOCIATE  MEMBERS    (Continued)  Date  of 

Membership. 

J?ocK,   Caul  Auciusr.     Locating  Engr.,   Carib-    j   Jim.  Aug.     HI,  1909 

bean  Constr.  Co.,  St.  Marc,  Haiti ij  Assoc.  M.     Dec.       3,   1912 

HnowN,  Amon  Benjamin.     Asst.  Engr.,  U.  S.  Reclamation 

Service,   Rupert,    Idaho Jan.       7,  1913 

Bkown,  Levant  R.     Asst.  Engr.,  Bureau  of  Public  Works, 

Manila,    Pliilippine    Islands Jan.       7,  1913 

Burroughs,  Freduic  Sidney.     Asst.  Engr.,  Public  Service 

Conim.   of   Washington,   Olympia,   Wash Dee.       3.   1912 

Burton,    Wayne    Joseph.      Designing    Engr.,  > 

Office    of    Chf.    Engr.,    M.    of    W.,    Mo.    I  Jun.  Sept.      4,   1906 

Pac.    Ry.,    627    Midland    Bldg.,    Kansas    [Assoc.  M.     Jan.       7,  1913 
City,    Mo J  * 

Cameron,  Kenneth  Mackenzie.     Prin.  Asst.  ^ 

to    Asst.    Chf.    Engr.,    Dept    of    Public    I  Jun.  Oct.        G,   1903 

Works,     132    Flora    St.,    Ottawa,    Ont.,    [Assoc.  M.     Oct.        1,   1912 
Canada J 

Comber,    Stafford   Xavier.     Underpinning   &    Foundation 

Co.,  290  Broadway,  New  York  City Jan.       7,  1913 

Crocicer,  Foster  Baldwin.     Barge  Canal  Of-    )  Jun.  June    30,  1911 

fice,  R.  F.  D.  No.  5,  Rome,  N.  Y [  Assoc.  M.     Jan.       7,  1913 

Deutschbein,   Harry  Johnson.     Asst.   Supt.,    )  -.  t^  /»    i^r.^ 

J        ,     .         ^        T-..,      TT    ,.  I  Jun.  Dee.  6,  1904 

The    Foundation    Co.,    Little    Hocking,    v.  ,r  t  -,    nrwio 

*      f  Assoc.  M.  Jan.  7,   1913 

Ohio ) 

Dibble,  Barry.  Electrical  Engr.,  U.  S.  Reclamation  Serv- 
ice, Minidoka,   Idaho Dec.       3,  1912 

DoRON,  Charles  Slauter.     Engr.  in  Chg.,  Dept.  of  Parks, 

Brooklyn,   N.   Y Jan.       7,   1913 

Driggs,   Edw^n   Leroy.      Asst.    Engr.,    Bureau    \  j^^^  ^^^^       ^    ^^^^ 

of    Public    Works,    Manila,    Philippine    C  ^^^'^^    ^^      ^^^^  •     ^^'^   ^^^^ 
Islands ) 

FiTZSiMONS,    Waveland    SINCLAIR.      Junior    Engr.,    U.    S. 

Engr.  Office,  Georgetown,  S.  C Oct.     29,  1912 

Gillelen,  Frank.      (Olmsted  &  Gillelen),  604   ^  j^^^^  ^^  ^    ^^^g 

Wright  &  Callender  Bldg.,  Los  Angeles,    C  ^^^^^^    ^^^      ^^^^^  '  ^^^3 

Cal ) 

GiQUEL,    Rafael    Sanchez.      First    Engr.    in  ->j 

Chg.   of  Design  of  Aqueducts  for  Prov-    I   Jun.  Feb.       4,  1908 

ince    of    Havana,     Calle    A,     No.     172,    f  Assoc.  M.     Dec.       3,  1912 
Vedado,  Havana,  Cuba J 

Gregg,  John  Huston  Clark.  Asst.  Engr.,  Carpenter  & 
Boxley  &  Herrick,  Inc.,  6720  Ridge  Boulevard, 
Brooklyn,   N.  Y Jan-       7,  1913 

Hall,  Julius  Reed.    Designing  Engr.,  Strauss    \  j^^  j^^^^      ^^  jg^g 

Bascule  Bridge  Co.,   608   Monroe   Bldg.,    I  ^^^^^    ^      -^^^        3^  J9J2 
Chicago,    111 ) 


190  MEMBERSHIP — ADDITIONS  [Society  Affairs. 

ASSOCIATE  MEMBERS    (Continued)  Date  of 

Membership. 

Haselton,    Gage.      247    Stout    St.,    Portland,    )  .Tun.  May       3,   1904 

Ore I  Assoc.  M.     Jan.       7,   1913 

Husband,  Charles  Marsh.  Civ.  Engr.,  Pressed  Steel  Car 
Co.,  Pittsburgh.  (Res.,  412  Division  St.,  Bellevue), 
Pa Jan.       7,1913 

KiRKPATRiCK,  Ralph  Zenas.  Junior  Engr.,  care,  Chf. 
Engr.'s  Office,  Isthmian  Canal  Conim.,  Pedro  Miguel, 
Canal   Zone,   Panama Dec.       3,  1912 

KousAio,  Amuxd  Marius.     Asst.  Engr.,  The  Paris  Eng.  & 

Constr.  Co.,  Oakley,  Idaho Jan.       7,  1913 

Leach,   Thomas.      Designer,   Dominion   Bridge    \   Jun.  June    30,   1910 

Co.,  Ltd.,   Montreal,   Que.,   Canada h  Assoc.  M.     Dec.       3,  1912 

Lindsay,  Richard  Lee.     502  Fourteenth  Ave.,    i  Jun.  Sept.     4,  1906 

Roanoke,   Va ^  Assoc.  M.     Sept.      3,   1912 

Maclean,   William   Eustace.     Care.   City   Clerk,   Salmon 

Arm,  B.  C,  Canada Jan.       7,  1913 

McKinney,    Francis    William.     Asst.    Engr.,  )    ^                    ^^  „,     ,^^„ 

^  ,  '              _,                   ^                A         •  /  -Jun.               Mar.  31.   1908 

Baltimore    Sewerage    Comm.,    American  y   .  ,^      ^  ►.,„,„ 

^^-  r  Assoc.  M.     Jan.  7,   1913 

Bldg.,  Baltimore,  Md ) 

Moss,  William  Benjamin.   Junior  Engr.,  U.  S.  Engr.  Dept. 

at  Large,   Room   807,   Army   Bldg.,   New   York   City 

(Res.,  36  Pommer  Ave.,  Tompkinsville,  N.  Y) Jan.       7,  1913 

MuMM,  Hans,  Jr.     County  Engr.,  Snohomish  County   (Res., 

2216  Hoyt  Ave.) ,  Everett,  Wash July      9,   1912 

Murphy,    James    Francis.      165    Remsen    St.,    )  Jun.  May     31,  1910 

Brooklyn,   N.   Y f  Assoc.  M.     Sept.      3,   1912 

Phelps,  Howard  Eastwood.     City  Engr.  and  Bldg.  Insp., 

Boulder,    Colo Jan.       7,  1913 

Renner,  Charles  Joseph.     City  Engr.  and  Supt.,  Water, 

Streets,  and  Sewers,  St.  Albans,  Vt Dec.       3,  1912 

Smith,  Plumer  Henry.     Chf.  Engr.,  Texas  City  Terminal 

Co.,  Texas  City,  Tex Jan.       7,  1913 

Stanage,  John  Lynch.    Prin.  Asst.  Engr.,  Board  of  Engrs., 

Fort  Worth  Water  Supply,  Fort  Worth,  Tex Jan.       7,  1913 

Van  Scoyoc,  Harry  Stew.^rt.  Insp.  Engr.,  Canada  Ce- 
ment Co.,  Ltd.,  Herald  Bldg.,  Montreal,  Que.,  Canada.  Jan.  7,  1913 
Watters,   Vernon    Gregg.      Chf.    Engr.,    Live    Oak,    Perry 

&  Gulf  R.  R.,  Live  Oak,  Fla Jan.       7,   1913 

Willis,  Albert  Jones.     Instr.   in  Civ.   Eng.,  )  ^  -r  .  irxrv, 

.-.  TT   .        ,,^        -.r.,^  r,^  ■   ■,      A       ,  I  Jun.  June  4,  1907 

Cooper  Union     Res.,  1019  Trinity  Ave.),  y  ^  ,r      tx  o  imo 

^^    ^   ,,     ,     ^./  J  >'  f  Assoc.  M.     Dec.  3,  1912 

New   York   City ) 

ASSOCIATES 

Davis,  Frederick  Calvin.  Mgr.,  Pacific  Clay  Products 
Publicity  Bureau,  515  Buena  Vista  Ave.,  San  Fran- 
cisco, Cal Jan.       7,  1 913 
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ASSOCIATKS    (Continued)  Date  of 

Membership. 

Hilt,.  Roheut.     2  Toronto  St..  Toronto,  Out.,  Canada July       9,  1012 

Parsii.\ll.    Ralph    Leuoy.      020    Akin   Ave.,    Fort   Collins, 

Colo Jan.       7,  1913 

JUNIORS 

Arnolt,     Fritz     Muss.       Now     York     Univ..     University 

Heights,  New  York  City '.     Dec.       3,   1912 

Bailey,  Paul.    Res.  Engr.,  llavihind  &  Tibbctts,  515  Nintli 

St.,  Sacramento,  Cal Jan.       7,  1913 

Baker,  Albert  Asa.     Civ.    Engr.,  U.    S.   N.,   Navj-   Y'ard, 

Brooklyn.  X.  Y Oct.      29.   1912 

Burr,  George  Lindsley.    41G  High  St.,  Keokuk,  Iowa Jan.       7.  1913 

De  Jongh.  Arthur  Francis.     Banes,  Oriente,  Cuba Dec.       3,  1912 

Eason.  Frank  Gary.  U.  S.  Drainage  Engr..  Drainage 
Investigations,  U.  S.  Dept.  of  Agri.,  Washington, 
D.  C July       9,   1912 

Jones,  Paul  Sidney.  Asst.  Engr..  Co-operative  Irrig.  In- 
vestigations. Colo.  Agri.  Experiment  Station  and 
U.  S.  Dept.  of  Agri..  Fort  Collins,  Colo Dec.       3,   1912 

Leckliter,  Walter  Harlan.     Corning,  Iowa Oct.        1,   1912 

McMillan,    William    Bruce.      411    South    11th    St.,    San 

Jose,    Cal Jan.       7,   1913 

Parker,  Henry  Brackette.  Levelcr,  N.  Y.  State  High- 
way Dept.,  259  Hamilton  St..  Albany,  N.^  Y Jan.       7,   1913 

PoRZELius,     Albert     Fredrick.       Asst.     Engr.,     Arkansas 

Water  Co.,  Little  Rock.   Ark Jan.       7,   1913 

Seaman,  Daniel  Henry.  Estimator  and  Designer,  Hay 
Foundry  &  Iron  Works,  774  South  19th  St.,  Newark, 
N.   J Dec.       3.   1912 

Smith,    Walter   ^Iickle,    Jr.      Estimator    and    Computer, 

Noble  &  Woodard,  7  East  42d  St.,  New  York  City.  . .     Jan.       7,  1913 

Starkweather,  Alfred  Kenneth.  Instrumentman  with 
Passaic  Val.  Sewerage  Comm.,  30  Oakland  Ave., 
Bloomfield,  N.  J Jan.       7,   1913 

Wright,  Frederick  John.  First  Asst.  Engr.  to  County 
Engr.  of  Passaic  County,  410  Van  TTouten  St.,  Pater- 
son,  N.  J Jan.       7.   1913 

YouMANS,  George  Leland.  Res.  Engr.,  G.  N.  Ry.,  Wine- 
sap,    Wash Jan.       7,   1913 


REINSTATEMENTS 

MEMBERS 

Quinby,  Edwin  Rufus Jan.     15,  1913 


Date  of 
Reinstatement. 
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RESIGNATIONS 

Daf  p  of 
ASSOCIATE  MEMBERS  Resignation. 

Harrington,  Francis  Burcharo Jan.       7,  1913 

Scott,  John  Kuhn Jan.       7,  1913 

JUNIORS 

Reese,  George  Washington Jan.       7,  1913 

Warner,   Glenn Jan.       7,  1913 


DEATHS 

Attebbury,  Charles  De  La  Plane.     Elected  Associate  Member  Nov.  8th, 

1909;  died  June  3d,  1912. 
Gray,  George  Edward.     Elected  Member  July  2d,  1873;  Honorary  Member 

June  5th,  1894;   died  January  1st,  1913. 
Hamilton,   William   Gaston.      Elected   Member    October    7th,    1868;    died 

January  23d,  1913. 
MacGregok,  John.     Elected  Associate  June   2d,    1903;    died   January   21st, 

1913. 
Watson,  James.     Elected  Fellow  December  5th,  1872;  died  December,  1910. 
Wheeler,   Ebenezer   Smith.     Elected   Member   November    7th,    1883;    died 

January  5th,  1913. 


Total  Membership  of  the  Society,  February  6th,  1913, 
6  797. 
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MONTHLY    LIST   OF    RECENT    ENGINEERING    ARTICLES   OF 

INTEREST 

(Jajuiary  2d  to  February  1st,  1913) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
tnc7nhers  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can  be 
procured  by  addressing  the  publication  directly,  the  address  and  price 
being  given  wherever  possible. 

LIST  OFIPUBLICATIONS 

In  the  subjoined  list  of  articles,  references  are  given  by  the  number 
prefixed  to  each  journal  in  this  list: 


(I 

(2 
(3 
(4 
(5 
(6 

(7 

(8 

(9 

(10 

(H 

(>2 

(13 
(14 
(15 
(16 

(17 

(18 

(19 

(20 
(21 

(22 

(23 

(24 
(25 
(26 
(27 


Journal,  Assoc.  Eng.  Soc,  Boston, 
Mass.,    30c. 

Proceedings.  Engrs.  Club  of  Phila., 
Philadelphia.    Pa. 

Journal,  Franklin  Inst.,  Philadel- 
phia, Pa.,  50c. 

Journal,  Western  Soc.  of  Engrs., 
Chicago,   111.,  50c. 

Transactions,  Can.  Soc.  C.  E., 
Montreal,    Que.,    Canada. 

School  of  Mines  Quarterly,  Co- 
lumbia Univ.,  New  York  City, 
50c. 

Gesundheits  Ingenieur,  Miinchen, 
Germany. 

Stevens  Institute  Indicator,  Ho- 
boken,   N.   J.,   50c. 

Engineei-ing  Magazine,  New  York 
City,    25c. 

Cassicr's  Magazine,  New  York  City, 
25c. 

Engineering  (London),  W.  H. 
Wiley,   New   York   City,   25c. 

The  Engineer  (London),  Inter- 
national News  Co.,  New  York 
City,   35c. 

Engineering  News,  New  York  City, 
15c. 

Engincerino  Record,  New  York 
City,    10c. 

Railvmy  Age  Gazette,  New  York 
City,  15c. 

Engineering  and  Mining  Journal, 
New  York  City,  15c. 

Electric  Railivay  Journal,  New 
York  City,   10c. 

Railway  and  Engineering  Review, 
Chicago,   111.,   15c. 

Scientific  American  Supplement, 
New  York  City,  10c. 

Iron  Age,   New   York   City,   20c. 

Railway  Engineer,  London,  Eng- 
land,   la.    2d. 

Iron  and  Coal  Trades  Review,  Lon- 
don.   England,   6d. 

Bulletin,  American  Iron  and  Steel 
Assoc,   Philadelphia,    Pa. 

American  Gas  Light  Journal,  New 
York   City,   10c. 

American  Engineer,  New  York 
City,  20c. 

Electrical  Review,  London,  Eng- 
land,  4d. 

Electrical  World,  New  York  City, 
10c. 


32 


42 


Journal,  New  England  Water- 
Works  Assoc,   Boston,   Mass.,  $1. 

Journal,  Royal  Society  of  Arts, 
London,    England,   6d. 

Annales  des  Travaux  Publics  de 
lielgique,  Brussels,  Belgium,  4  fr. 

Annates  de  I'Assoc.  des  Ing.  Sortis 
des  Ecoles  Speciales  de  Gand, 
Brussels,   Belgium,  4   fr. 

Mdmoires  et  Compte  Rendu  des 
Travaux,  Soc.  Ing.  Civ.  de 
France,    Paris,    France. 

Le  Genie  Civil,  Paris,   Prance,   1  fr. 

Portefeuille  Economiques  des  Ma- 
chines,   Paris,    France. 

Nouvelles  Annales  de  la  Construc- 
tion, Paris,  France. 

Cornell  Civil  Engineer.  Ithaca,  N.  Y. 

Revue  de  Mecanique,  Paris,  France. 

Revue  G6n€rale  des  Chemins  de 
Per  et  des  Tramioays,  Paris, 
France. 

Tcchnisehes  Gemeindeblatt,  Berlin, 
Germany,    0,70m. 

Zentralblatt  der  Bauverwaltung, 
Berlin,  Germany,  60  pfg. 

Elektrotechnische  Zeitschrift,  Ber- 
lin,  Germany. 

Proceedings,  Am.  Inst.  Elec.  Engrs., 
New  York  City,  $1. 

Annales  des  Ponts  et  Chauss6es, 
Paris,  France. 

Journal,  Military  Service  Institu- 
tion, Governors  Island,  New  York 
Harbor,   50c. 

Mines  and  Minerals,  Scranton,  Pa., 
25c. 

Scientific  American,  New  York  City, 
15c. 

Mechanical  Engineer,  Manchester, 
England,   3d. 

Zeitschrift,  Vereln  Deutscher  In- 
genieure,  Berlin,  Germany,  1,60m. 

Zeitschrift  filr  Bauwesen,  Berlin, 
Germany. 

Stahl  und  Eisen,  Diisseldorf,  Ger- 
many. 

Deutsche  Bauzeitung,  Berlin,  Ger- 
many. 

Rigasche  Industrie-Zeitung,  Riga, 
Russia,    25    kop. 

Zeitschrift,  Oesterrelchischer  In- 
genieur und  Architekten  Verein, 
Vienna,  Austria,  70h. 
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Water- 
Iiidian- 
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Chicago, 


(54)  Transactions,  Am.    Soc.    C.   E.,    New 

York  City,   $4. 

(55)  Transactions,  Am.  Soc.   M.   E.,   New 

York  City,  $10. 

(56)  Transactions,       Am.        Inst.        Min. 

Engrs.,    New    York    City,    ^6. 

(57)  Colliery     Guardian,     London,     Eng- 

land,   5d. 

(58)  Proceedings,    Engrs.'    Soc.    W.    Pa., 

803      Fulton      Bldg.,      Pittsburgh, 
Pa.,    50c. 

(59)  Proceedings,        American 

Works  Assoc,   Troy,   N. 

(60)  Municipal       Engineering, 

apolis,   Ind.,   25c. 

(61)  Proceedings,        Western 

Club,   225   Dearborn  St. 
111.,    25c. 

(62)  Industrial     World,     59     Ninth     St., 

Pittsburgh,  Pa.,   10c. 

(63)  Minutes  of  Proceedings,  Inst.  C.  E., 

London,    England. 

(64)  Power,    New    York   City,    5c. 

(65)  Official      Proceedings,      New      York 

Railroad    Club,    Brooklyn,    N.    Y., 
15c. 

(66)  Journal    of    Gas    Lighting,    London, 

England,  6d. 

(67)  Cetnent      and      Engineering      News, 

Chicago,   111.,  25c. 

(68)  Mining    Journal,    London,    England, 

6d. 

(69)  Der  Eisenbau,  Leipzig,   Germany. 

(70)  Engineering     Review,      New      York 

City,    10c. 

(71)  Journal,  Iron  and   Steel   Inst.,   Lon- 

don,   England. 
(71a)    Cai-negie      Scholarship      Memoirs, 
Iron     and     Steel     Inst.,     London, 
England. 

(72)  American      Machinist.      New      York 

City,  15c. 

(73)  Electrician,    London,    England,    18c. 

(74)  Transactions,     Inst,     of     Min.     and 

Metal.,    London,    England. 

(75)  Proceedings,   Inst,    of  Mech.    Engrs., 

London,    England. 

(76)  Brick,  Chicago,   111.,  10c. 

(77)  Journal,    Inst.     Elec.    Engrs.,     Lon- 

don,   England,    5s. 

(78)  Beton   und   Eiscn,    Vienna,    Austria. 

1,  50m. 

(79)  Forscherarheitrn,  Vienna,   Austria. 

(80)  Tonindustrie   Zeitung,    Berlin,    Ger- 

many. 

(81)  Zeitschrift  fiir  Architektur  und  In- 

genieurwesen,     Wiesbaden,      Ger- 
many. 


(82)  Minim/      and      Enginccrini)      World, 

Chicago,   111.,   10c. 

(83)  Gas  Age,  New  York  City,   15c. 

(84)  Le  Cinient,  Paris,   France. 

(85)  Proceedings,   Am.    Ry.    Eng.   Assoc, 

Chicago,    111. 

(86)  Engineering-Contracting,       Chicago, 

111.,   10c. 

(87)  Raihoay    Engineering    and    Mainte- 

nance of  Way,  Chicago,   111.,   10c. 

(88)  Bulletin    of    the    International    Ry. 

Congress    Assoc,     Brussels,     Bel- 
gium. 

(89)  Proceedings.    Am.    Soc.    for    Testing 

Materials,    Philadelphia,   Pa.,   $5. 

(90)  Transactions,        Inst.        of        Naval 

Archts.,   London,    England. 

(91)  Transactions,     Soc     Naval     Archts. 

and    Marine    Engrs.,    New    York 
City. 

(92)  Bulletin,        Soc.        d'Encouragement 

pour  rindustrie  Nationale,   Paris, 
France. 

(93)  Revue       de       Metallurgie,        Paris, 

France,    4    fr.    50. 

(94)  The  Boiler  Maker,   New  York   City, 

10c 

(95)  International    Marine    Engineering, 

New  York  City,  20c. 

(96)  Canadian    Engineer,    Toronto,    Ont., 

Canada,    lOc. 

(98)  Journal,    Engrs.    Soc.    Pa.,    Harris- 

burg,    Pa.,    30c. 

(99)  Proceedings,   Am.   Soc.  of  Municipal 

Improvements,     New     York     City, 
$2. 

(100)  Professional     Memoirs.     Corps     of 

Engrs.,     U.     S.     A.,     Washington, 
D.    C,    50c. 
(  101)  Metal  Worker,  New  York  City,  10c. 

(102)  Organ     fiir     die     Fortschritte     des 

Eisenhahnwcsens,  Wiesbaden, 

Germany. 

(103)  Mining    and    Scientific    Press,    San 

Francisco,   Cal.,   lOc 

(104)  The    Svrveyor    and   Municipal    and 

County    Engineer,    London,    Eng- 
land,  6d. 

(105)  Metallurgical     and     Chemical     En- 

gineering, New  York  City,  25c. 

(106)  Transactions,       Inst.       of       Mining 

Engrs..  London,   England,  6s. 

(107)  Schweizerische  Bauzeitung,  Ziirich, 

Switzerland. 

(108)  Southern   Machinery,   Atlanta,    Ga., 

lOc. 


LIST  OF  ARTICLES 
Bridges. 

The   Hapuawhenua    Viaduct,    New    Zealand.*    Frederick   William    Furkert.    (63)    Vol. 

189. 
The    Making    and    Driving    of    Reinforced-Concrete    Piles.*    Gower    Bonverie    Raynor 

Pimm.     (63)     Vol.    189. 
The  South  Main  Pier  of  the  Quebec  Bridge.*    (12)    Dec.   27. 
Concrete  Bridges  and  Viaducts.*     A.  M.  Wolf.      (87)      .Tan. 
The  High-Level  Bridge  over  the  New  Widened  Lines:  Willesden  Junction,  L.  and  U. 

W.    R.*    (21)    .Tan. 
The  Bridge  of  the  Canadian  Pacific  Railway   at  Lachine,  P.   Q.*      (96)      Jan.   2. 
The   Hopatcong-Slateford    Cut-Off.*      C.    W.    Simpson.      (15)      Jan.    3. 
Replacing  the  Cuyahoga   River  Draw   Bridge.*    (14)    Jan.    4. 
Construction   of   the  Fifth   Street  Viaduct,   Fitchburg,   Mass.*      (14)      Jan.   4. 
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Brldj;«^s—(  Continued) . 

I<evcl(ipnicnf    of    Patented    Coiuicti'    liridscs.*    Daniol    H.    Luten    (Paper    read    before 

till'    Am.    Soi-.    of    Rug.    Contractors.)     (62)     Jan.    6. 
General  Method  Adopted  for  ConstruLtiiig  a  312  ft.  Reinforced  Concrete  Arch  Bridge 

at  Larimer  Ave..   Pittsburgh.   Pa.      Charles  H.  McAIister.      (86)      Jan.   8. 
A   Large    Cantilever   Bridge    iu    China.*       (From    the    Far   Eastern   Review.)       (13) 

Jan.  9. 
Protective    Coatings    for    Railway    Bridge    Floors.      A.    W.    Carpenter.     (Abstract    of 

paper     read     before     the    Maintenanee-of-Way     Master     Painters     Assoc.)      (13) 

Jan.    9. 
New  Bridges  at  Vancouver.  British  Columbia.*      (12)     Serial  beginning  Jan.  10. 
The   Beaver    Bridge   over   the   Ohio    River.*    Frank   W.    Skinner,    M.    Am.    Soc.    C.    E. 

(11)     Serial    beginning    Jan.    10. 
Erection   of    Kentucky    and    Indiana    Bridge.*    (IS)    Jan.    10. 
Municipal    Bridge   Approach.    St.    Louis.*      S.    W.    Bowen.       (13)       Jan.    16. 
Erection  of  Monongahela  River  Bridge.*      (15)      Jan.   17. 
Proposed  Long-Span  Bridge  over  the  Mersey.      (14)      Jan.  18. 
.\ew    Bridge   over   the   Mississippi    River   at   St.    Paul    on    the   C.    G.    W.    Rv.*       (18) 

Jan.   18. 
The   Design   of  Various  Types   of   Highway   Bridges   from   the   Standpoint   of  Modern 

Traffic. *    F.    H.   Neff.    (Paper   read   before   the   Am.   Assoc,    for  the   Advancement 

of  Science.)     (86)   Jan.  22;     (14)   Feb.  1. 
Maintenance   of   Great    City   Bridges.*    (14)    Jan.   25. 
Broadway    Bridge    across    the    Oswego    River    and    the    New    York    Barge    Canal    at 

Fulton,    N.    Y.*    (14)    Jan.    25. 
Modern    Engineering    in    an    Ancient    Eastern     Capital,    New    Pontoon    Bridge    over 

the  Golden   Horn.   Constantinople.*    F.   C.    Coleman.    (19)    Jan.    2.5. 
The    Red    Peer    River    Bridge,    Alberta    Central    Railway.*    Hugh    A.    Lumsden.    (96) 

.Ian.  30. 
A   Famous    English    Chain    Suspension    Bridge.*    (13)    Jan.    30. 
A   Temporary    Drawbridge    of   the   Horizontal    Rolling   Type.*     (13)    Jan.    30. 
A  Rolling  Lift  Bridge  186  ft.  Long.*      (20)      Jan.  30. 
Lift    Bridges   over   the    Buffalo    River.*    Emile   Low.    (15)    Jan.    31. 
Method   of   Designing  Arches.    Kingshighway   Viaduct,    St.    Louis.*    (14)    Feb.    1. 
Le  Pont  Suspendii  Rigide  de  Saint-Martin-d'Ardeche.*      Moreau.      (35)      Jan. 
Lc  Fongage  des  Caissons  de  Fondation  du  Nouveau   Pont  de  Quebec*    (33)    Jan.   18. 
Berechnung  der  Kippzapfen   von   Briickengelenken.*      S.   Bobrowsky.     (69)    Dec. 
Mcchanischer     Antrieb     der     Drehbriicke     iiber     die     Tote     Weichsel     bei      Danzig.* 

Harprecht.    (102)    Jan.    1. 
Geriistbriicke  zur  Ueberfiihrung  der  Gaubahn  uber  die  Vorort  und  Giitergleise  Stutt- 

gart-Ludwigsburg  beim   Hauptbahnhof   Stuttgart.*      Schaechterle.     (78)    Jan.    3. 

Electrical. 

Electrolysis    from    Stray    Electric   Currents.*    Albert   F.    Ganz.    (59)    Vol.    32. 

Synchronous  and  Asynchronous  Reactance.  J.  Rezelman.  (73)  Serial  beginning 
Dec.    27. 

Directive  Wireless  Telegraphy.*  F.  Addey.  (Abstract  of  paper  read  before  the  In- 
stitution   of    Post    Office    Elec.    Engrs.)     (73)     Dec.    27. 

Speed  Control  of  Three-Phase  Motors.*  Sidney  A.  Simon.  (Paper  read  before  the 
West   of    Scotland    Branch   of   the    Assoc,    of    Min.    Elec.    Engrs.)     (22)    Dec.    27. 

Study  of  the  Relative  Merits  of  the  Various  Types  of  Electric  Arc  and  Incandes- 
cent Lamps  for  Lighting  Urban  and  Suburban  Streets.*  Harold  H.  C.  Lasker. 
(8)     Jan. 

Reversing  Electric    Motor   Drive.*    (108)    .Ian. 

The  Generation    and   Transmission   of  Hydroelectric   Power.*    E.    A.    Lof.    (9)    Jan. 

Practical  Co-Operation  Between  Central  Station  and  Isolated  Plant.  Percival  Rob- 
ert Moses.      (9)    Jan. 

Some   Recent   Developments   in    Radiography.*      H.    Clyde    Snook.    (3)    Jan. 

The  Use  of  Motor  Drives  for  Shops.     A.  G.  Popeka.      (72)      Jan.   2. 

The  Use  of  Electric  Power  in  Steel  Mills.  Stewart  C.  Coey.  (Paper  read  before 
the  Am.    Iron   and    Steel    Inst.)     (47)    Jan.    3. 

Bridging    Australia    by    Wireless.*    Alfred    Gradenwitz.     (26)     Jan.    3. 

The  New  Generating  Station  at  the  Britannia  Works  of  Messrs.  Dorman.  Long  & 
Company,    Ltd.*     (22)    Jan.    3. 

Notes   on    Underground    Conduit    Construction.*    Guy    F.    Speer.     (27)    Jan.    4. 

Arrangemi  nt   of   Exhaust   Turbo    Generators.*    E.    Rosenberg.    (12)    Jan.    10. 

Lightning  Protection  of  Buildings.  E.  J.  Berg.  (From  the  Electrical  Review  and 
Western  Elertrician.)      (73)      Jan.   10. 

The  Properties  of  Dielectrics  in  Alternating  Current  Fields.*  (Gutta-Percha.)  G 
L.    Addenbrooke.     (73 1    Jan.    10. 

Large  Turbo  Units.*  J.  P.  Chittenden.  (Abstract  of  paper  read  before  the  Rugby 
Eng.    Soc.)     (47)     Serial    beginning    Jan.    10. 

The  Electric  Lighting  of  Villages.     W.  T.  Wardale      (26)      Jan.   10. 

♦Illustrated. 
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Electrical— (Continued). 

Dattory-Ringiiig  Telephones.*  (From  the  Eiujlinh  Mechanic  and  World  of  Science.) 
{19)    Jan.    11. 

New  Perth   Ainboy   Central   Station.*    Warren   O.   Rogers.    (64)    Jan.   14. 

The  Braking  of  High-Speed  Winding  Engines.*  G.  K.  Chambers.  (Paper  read  be- 
fore the   South   African   Institution   of   Engrs.)       (57)      Jan.    17. 

On  the  lUst  Use  of  a  Condenser  When  Used  as  a  Shunt  to  a  Telephone  in  Wire- 
less Telegraphy.*  H.  Smith.  (Abstract  of  a  paper  read  before  the  Durham 
Physical  See.)       (73)      Jan.   17. 

Electrical  Apparatus  in  Iron  and  Steel  and  Power  Generating  Fields;  Progress 
in  1012.  By  Brent  Wiley  and  H.  A.  Rapelye.  (From  the  Electrical  Journal.) 
(62)    Jan.   20. 

Performance  and  Power  Consumption  of  a  21/2  cu.  yd.  Electric  Shovel.*  C.  B. 
llogle.    (13)    Jan.   23. 

Standard  Sizes  of  Conduits  for  Electric  Conductors  (National  Electrical  Con- 
tractors'   Assoc).      (13)    Jan.    23. 

High-Tension    Transmission    System   in    Central    Georgia.*    (27)    Jan.    25. 

Temperature  and  Electrical  Insulation.*  C.  P.  Steinmetz  and  B.  G.  Lamme.  (42) 
Feb. 

Method  of  Rating  Electrical  Apparatus.  W.  L.  Merrill,  W.  H.  Powell  and  Charles 
Robbins.    (42)    Feb. 

Load  Losses  of  Alternating  Current  Generators.*  W.  J.  Foster  and  Edgar  Knowl- 
ton.      (42)    Feb. 

The  Pleating  of   Cables   Carrying   Current.*    Saul    Dushman.    (42)    Feb. 

Comparison  of  Methods  of  Making  Load  Tests  on  A.-C.  Generators  and  on  In- 
duction   Motors.      E.   F.    Collins   and   W.    E.    Holcombe.    (42)    Feb. 

Potential   Waves  of  Alternating-Current  Generators.*   W.   J.   Foster.    (42)    Feb. 

.Method  of  Determining  Temperature  of  Alternating-Current  Generators  and  Motors 
and  Room  Temperature.*      Henry  G.  Reist  and  T.  S.  Eden.      (42)      Feb. 

Laws  of  Heat  Transmission  in  Electrical  Machinery.      Irving  Laugmuir.     (42)     Feb. 

Effect  of  Room  Temperature  on  Temperature  Rise  of  Motors  and  Generators.* 
Maxwell  W.   Day  and  R.   A.    Beekman.      (42)      Feb. 

Notes  on   Internal  Heating  of  Stator  Coils.*      R.   B.   Williamson.      (42)      Feb. 

Methods  of  Determining  Brush  Losses  Due  to  Contact  and  Friction.*  H.  R.  Edge- 
comb  and  W.  A.  Dick.      (42)      Feb. 

A  Laboratory  Investigation  of  Temperature  Rise  as  a  Function  of  Atmospheric 
Conditions.*  (As  Applied  to  Electrical  Machinery.)  C.  R.  Blanchard  and 
C.    T.   Anderson.      (42)      Feb. 

Losses  in  Transformers.     W.   W.   Lewis.      (42)      Feb. 

Methods  of  Determining  Temperature  of  Transformers.*  W.  M.  McConahey  and 
C.  Fortescue.      (42)      Feb. 

Determination  of  Load  Loss  Correction  Factors  for  Rotating  Electric  Machines.* 
E.  M.   Olin  and  S.  L.   Henderson.    (42)      Feb. 

Effect  of  Air  Temperature,  Barometric  Pressure  and  Humidity  on  the  Tempera- 
ture Rise  of  Electric  Apparatus.  C.  E.  Skinner,  L.  W.  Chubb  and  Phillips 
Thomas.      (42)      Feb. 

Determination  of  Stray  Losses  from  Input-Outpui  Tests.*  L.  T.  Robinson.  (42) 
Feb. 

A  Proposed  Wave  Shape  Standard.*     Cassius  M    Davis.      (42)      Feb. 

Stray  Losses  in   Induction  Motors.      A.   M.   Dudl    ••.      (42)      Feb. 

Methods  of  Determining  Temperature  of  Tra  formers  and  of  Cooling  Medium. 
S.  E.  Jobannesen  and  G.  W.  Wade.      (42)        cb. 

Stray  Loss  in  Direct-Current  Commutating  Mt  .nes.*  H.  F.  T.  Erben  and  H.  S. 
Page.      (42)      Feb. 

Regulation  of   Definite  Pole  Alternators.      Sorer      I.    Mortensen.      (42)      Feb. 

The  Sphere   Spark  Gap.*      S.  W.   Farnsworth   ai  .     C.   L.   Fortescue.      (42)      Feb. 

Stray    Losses    in    Transformers.      C.    Fortescue    ;  .  d   W.    M.    McConahey.      (42)      Feb. 

Load  Tests  on   Transformers.*      J.   J.  K.  Maddea.      (42)      Feb. 

The  Temperature  Rise  of  Stationary  Induction  Apparatus  as  Influenced  by  the 
Effects  of  Temperature,  Barometric  Pressure  and  Humidity  of  the  Cooling 
Medium.*      J.  J.   Frank  and  W.   O.   Dwyer.      (42)      Feb. 

Brush-Friction  and  Contact-Losses.*  H.  F.  T.  Erben  and  A.  H.  Freeman.  (42) 
Feb. 

Wave  Form  Distortions  and  Their  Effects  on  Electrical  Apparatus.  P.  M.  Lincoln. 
(42)     Feb. 

Current  Rating  of  Electric  Cables.  Ralph  W.  Atkin.son  and  H.  W.  Fisher.  (42) 
Feb. 

Sources  of  Error  in  Transformer  Tests.  W.  M.  McConahey  and  C.  Fortescue.  (42) 
Feb. 

Measurement  of  Temperature  in  Rotating  Electric  Machines.*  L.  W.  Chubb,  E. 
I.   Chute  and  O.  W.  A.  Oelting.    (42)      Feb. 

The  Experimental  Determination  of  the  Regulation  of  Alternators.  A.  B.  Field. 
(42)      Feb. 

Correction  on  Transformer  Temperatures  for  Variation  in  Room  Temperature, 
Taking  Into  Account  Both  Copper  and  Iron  Losses.      C.  Fortescue.     (42)      Feb. 

•Illustrated. 
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Electrical— (Continued). 

Notes  on   Methods  of   Making   I^oad   Tests   on   Laise   Tndvirtion   Motors.     A.    M.   Dudley. 

(42)    Feb. 
The  Calibration  of  the  Sphere  Gap  Voltmeter.*     L.  W.  Cluibb  and  C.  Fortescue.    (42) 

Feb. 
Commutation    and    Brush    Loss.    C.    E.    Wilson.     (42)     Feb. 
Sources    of    Error    in    the    Efficiency    Determination    of    Rotating    Electric    Machines. 

Elmer    I.   Chute   and   William    liradsaw.    (42)    Feb. 
Comparison  of  Methods   of  Loading  I^arse  A.-C.   and  D.-C.   Generators   and   Synchro- 

ous   Converters   for   Factory   Temperature  Tests.   F.    D.    Newbury.    (42)    Feb. 
Les  St'curites  Electriques  Appliquees  aux  Installations  de  Signallations  de  Signalisa- 

tion   iV   Mannnivre   Manuelle.      G.   Yseboodt.      (30)      Dec 
Contribution    A    I'Etude    de    la    Variation    des    Proprietes    Magnetiques    des    Fers    et 

Aciers  en  Fonction  de  la  Temperature.*      Schnieder  et  Cie.      (Paper  read  before 

the  Inter.  Assoc,  for  Testing  Materials.)       (93)      Jan. 
Note  sur  les  Propriet6s  Magnetiques  des  Toles  pour  Dynamos.*      De  Nolly  et  Veyret. 

(Paper  read  before  the  Inter.   Assoc,  for  Testing  Materials.)      (93)    Jan. 
Beseltigung    von    Ueberspannungen    an    Elektromagneten.*       P.    Kuschewitz.       (41) 

Dec.    26. 
I'eber  den  Bau  ruhender  Transformatoren.*     (41)    Dec.   26. 
Technische  Mitteilung  (iber  eine  Neukonstrucktion  von  Luftkondensatoren.*      Harald 

Schering    und    Rudolf    Schmidt.     (41)     Dee.    2G. 
Die  Betriebssicherheit  der  Oelschalter.*    Max  Vogelsang.     (41)    Jan.   2. 
Neuerungen  Ira  Bau  elektrischer  Aufziige.*    W.  Feld.     (107)   Serial  beginning  Jan.  4. 
Neuerungen   an   selbsttatigen   Schaltern   fiir  Pumnenanlagen.*     (41)    Jan.   9. 
I'eber  die  Theorien  der  Dielektrika.*      Tcheslas  Bialobjeski.      (41)    Jan.   9. 
Ueber  Unterbrechungslichtbogen   bei  elektrischen   Schaltapparaten.*    Wilhelm   Hoepp. 

(41)    Serial   beginning  .Tan.   9. 
Ueber  die  Berechnung  von  Pupin-Doppel-  und  Viererleitungen.*      F.  Liischen.      (41) 

Jan.    9. 
Die   Elektrizitatswerke   am   Witwatersrand    in    Transvaal.*     A.    van    der   Ham.     (41) 

Jan.   9. 
Zur    Arbeitsmessung    in    Drehstromnetzen    durch    Ziihler    mit    nur    einem    messenden 

System.*    Karl  Schmiedel.     (41)   Jan.  16. 

Marine. 

On    Shearing    Stress    in    a    Ship's    Structure.*    K.    Suyehiro.    (Paper    read    before   the 

Japanese    Inst,    of    Naval    Archts.)      (11)    Dec.    27. 
The   Generation    and    Electrical    Transmission    of    Power   for    Marine    Transportation. 

W.    P.    Durtnall.     (Abstract    of    paper    read    before    the    Soc.    of    Engrs.)     (73) 

Dec.    27. 
Safety  of  Life  at   Sea.   James   Donald.    (3)    Jan. 

Stability  of  Ships,   Notes   for  Commanders.*   George   Nicol.    (95)    Jan. 
Shipbuilding    and    Marine    Engineering    in    1912.*     (11)     Jan.    ?,. 
Experimental  Tugboats.*     (19)   Jan.  4. 

The   French   Dreadnoughts   Pfi?-(S   and    France*       (12)    Jan.    10. 
The    Starting    of    Diesel    Marine    Engines.*     (12)    Jan.    10. 

Lengthening  the   Aberdeen   Liners   Marathon    and   Miltiadcs.*       (12)    Jan.    17. 
Development    in    Marine   Condensers.     William   Weir.      (Paper    read    before   the    Inst. 

of  Engrs.  and  Shipbuilders  in  Scotland.)      (64)     Jan.   21. 
A  New  Canadian    Oil   Engined   Ship.*    (96)    Jan.   2^. 
Essais  Mecaniques  des  Aciers  Spgciaux  pour  les  Constructions  Navales.*      Leonardo 

Fea.      (Abstract  of  paper   read  before  the  Inter.   Assoc,   for  Testing  Materials.) 

(93)    Jan. 
Drague    Suceuse-Porteuse-Refouleuse   Construite   par    les    Ateliers    Conrad,    de   Haar- 
lem.*   Jean  Guerin.     (33)    Jan.  18. 
Boot    aus    Eisenbeton.*    Hermann    Roch.    (78)    Jan.    Z. 

Meciianical. 

Roller   and    Hall    Bearings.*    John    Goodman.     (63)    Vol.    189. 

The  Economic  T'se  of  Lubricating  Oils.*  David  A.  Corey.  (Abstract  of  paper  read 
before    the    National    .\ssoc.    of   Cotton    Mfrs.)     (47)    Dec. 

Calorific  Control  of  Gas-Making;  Its  Use  and  Limitations.*  Jacques  Abady.  (66) 
Deo.    24. 

The  Electrical  Measurement  of  Wind  Velocity.*  .T.  T.  Morris.  (Paper  read  be- 
fore the  British  Assoc.)       (11)    Dec.  27. 

Messrs.   J.    Sadd    &    Sons'   Timber    Mills    at    Maldon,    Essex.*    (26)    Dec.    27. 

The  Lightning  Kiln  for  Calcining  Ores  or  Limestone.*     (22)    Dec.  27. 

l,he   Glover-West    Installation    of   Vertical    Retorts.*    (66)    Dec.    31. 

Sewage  Sludge  for  Making  Gas.  Lfonce  Fabre.  (Paper  read  before  the  So- 
ci6t6   Technique   du    Gaz.)       (66)      Dec.    31. 

Value  of  a  Weight-Balance  in  Coal-Gas  Manufacture.  C.  .J.  Ramsburg.  (Paper 
read  before  the  Am.  Gas.  Inst.)     (66)     Dec.   31:     (24)     Jan.   6;      (83)      Feb.   1. 

•Illustrated. 
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Mechanical    (Continued). 

Some  ThouRhts  on  the  Developmeut  of  the  Sand  Lime  Brick  Industry.*  P.  L.  Simp- 
son.   (Paper  read  before  the   Sand   Lime   Brick  Mfrs.   Assoc.)    (67)    Jan. 

Motor  Transportation  as  an  Aid  to  Industrial  Economy.*  Rollin  W.  Hutchinson,  Jr. 
(9)    Jan. 

Steam  Meters.*  J.  A.  Knesche.    (9)    Jan. 

Oil  Engines  Design  and  Use.*  William  T.  Price.  (Paper  read  before  the  Phila- 
delphia  Foundrymen's  Assoc.)    (108)    Jan. 

Foundry  Tests  and  Results.  W.  R.  Dean.  (Paper  read  before  the  Am.  Foundrymen's 
Assoc.)    (108)    Jan. 

Ceramics  Advanced  by  Tunnel  Kiln.*     J.  A.  Seager.      (76)      Jan.  1. 

Sulphur  in  Illuminating  Gas,  and  Its  Removal,  with  Special  Refernce  to  the  Use 
of   Lime.    L.   J.    Willien.    (8.^)    Jan.    1. 

Great  Indu.strial  Establishments,  Riter-Conley  Manufacturing  Co.,  Pittsburgh,  Pa.* 
(83)    Jan.    1. 

A  Foundry   with   Continuous   Molding  Units.*    (20)    Jan.    2. 

Production  Efflciency  in  Typewriter  Building.*    (20)   Jan.  2. 

Specifications  for  Machinery  Castings.      John  Jermain  Porter.     (20)    Jan.  2. 

A  Complete  Milling  Machine  Test.*  P.  B.  Vernon.  (Paper  read  before  the  Man- 
chester Assoc,   of   Engrs.)     (20)    Jan.    2. 

Lime-Sand  Bricks.*      (Manufacture.)       (96)      Jan.   2. 

A  Modern  Plant  for  .\utomobile  Parts.*     (20)    Jan.  2. 

Combining  Steam  and  Gas  Power.*      (20)    Jan.   2. 

Largest  Precision   Testing  Machine.*      A.   H.   Emery,   Jr.     (72)    Jan.   2. 

Methods  of  Economizing  Heat.*      Charles  R.   Darling.     (29)    Serial  beginning  Jan.  3. 

Increasing   Steam    Plant    Efficiencies.      Edward    Ingham.       (26)    Jan.    3. 

Some   New  Types  of   Centrifugal   and  Turbine   Pumps.*      (57)    Jan.   3. 

Horizontal   Hydraulic   Cotton    Baling  Press.*       (12)    Jan.    3. 

Gas  Rate  Decision  in  New  Jersey.  (Report  of  the  Board  of  Public  Utility  Commrs. 
of  New  Jersey.)      (17)    Jan.   4. 

Some  Notes  on  Purification  of  Gas.     R.  H.   Burdick.      (24)    Serial  beginning  Jan.  6. 

The  Prudential  Insurance  Co.  Plant.*     Charles  H.   Bromley.      (64)      Jan.  7. 

The  Gas  Supply  of  Munich.*      (66)      Serial  beginning  Jan.   7. 

The  Manufacture  of  Mantles  for  Incandescent  Gas  Lighting.  C.  Richard  Bohm. 
(66)      Serial   beginning  Jan.   7. 

A   Gravel    Screening   and   Washing   Plant.*       (96)    Jan.    9. 

Manganese  Steel   for  Machinery   Parts.*      S.    R.    Stone.      (20)      Jan.    9. 

Use  of  Compressed  Air  in  Foundry  Practice.  Arthur  F.  Murray.  (Abstract  of 
paper  read  before  the  Am.   Foundrymen's  Assoc.)       (47)      Jan.   10. 

Drop  Forging.  Frank  W.  Traboid.  (Paper  read  before  the  Soc.  of  Automobile 
Engrs.)       (19)      Jan.    11. 

The  Auto  Truck  for  Coal  Delivery.*    Frank  C.  Perkins.    (19)    Jan.  11. 

Will  the  Automobile  Be  Driven  by  Kerosene?     H.  A.  Morris.      (46)      Jan.  11. 

The  Making  of  a  Pneumatic   Automobile  Tire.*      E.   R.   Hall.      (46)    Jan.    11. 

The  Flameless  or  Convergent  Combustion  of  Gases.*     Jean  Mennier.      (57)      Jan.  ID. 

The  Astoria  Plant  of  the  New  York  Consolidated  Gas  Company.*  C.  C.  Simp.son, 
Jr.     (24)     Serial  beginning  Jan.  13. 

Technical  Gas  Analysis.*  P.  C.  Balcon.  (Paper  read  before  the  Midland  Juniors 
Gas  Assoc.)      (66)      Jan.   14. 

Heat   Balance   in    Steam   Boilers.     Lionel    S.    Marks.     (64)     Jan.    14. 

Stone  Crushing   and   Screening,    Fairmount.    III.*      K.    E.    Casparis.       (13)      Jan.    16. 

A  Very  Heavy  Motor-Drawn  Truck.*      (13)      Jan.    16. 

N'ew  Canadian  Pacific  Coal  Handling  Plant.*      (20)      Jan.   16. 

Compressed  Air  as  a  Foundry  Auxiliary.*  William  H.  Armstrong.  (Paper  read 
before   the  Newark   Foundrymen's   Assoc.)       (20)      Jan.   16. 

Rullard  36-inch  Vertical  Turret  Lathe.*      (72)     Jan.   16. 

Developing  the  Engine  Lathe  in  an  Auto  Shop.*  Fred  H.  Colvin.  (72)  Serial  be- 
ginning Jan.   16. 

Reversing  Motors  for  Machine  Tools.*      Charles  Fair.     (72)     Jan.  16. 

Test  of   a  Surface   Condenser,    the  Effect   of   a   Spray   at  the   Air-Pump   Entrance.* 
Fred    Pickford    and    Gilbert    Cook.       (11)    Jan.    17. 

Materials  for   Motor-Bus   Construction.*       (11)      Jan.   17. 

Coking   and   By-Product  Plant   at   Clifton   Colliery.   Cumberland.*      (22)      Jan.    17. 

The  "Paragon"  Internal-Combustion  Engine.*     (47)     Jan.  17. 

The  Cutting  and  Generation  of  Gear  Teeth  by  Modern  Gear-Cutting  Machinery.* 
Vincent  Gartside.  (Paper  read  before  the  Manchester  Assoc,  of  Engrs.)  (47) 
Serial   beginning  Jan.    17. 

The  Etrich   Monoplanes.*      Stanley  Yale  Beach.      (19)    Jan.   18. 

N'ew  Plant  at  the  Belfast  Gas-Works.*      (66)      Jan.  21. 

Acetvlene  Lighting.  C.  Hoddle.  (Abstract  of  paper  read  before  the  Illuminating 
Eng.    Soc.)       (66)     Jan.    21. 

Petrol  Alr-Gas  Supply.  E.  Scott-Snell.  (Abstract  of  paper  read  before  the  Illuminat- 
ing Eng.   Soc.)       (66)      Jan.   21. 

Recent  Developments  in  Gas-Measuring  Apparatus.*  Carl  C.  Thomas.  (Paper 
read  before  the   American  Gas  Inst.)       (66)      Jan.   21. 
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Mechanical  — « Continued). 

I'lMt'oruiaiKo    ;iiiU    I'owtT    Cousuuiptioii    of    a    2',-.-cu.   yd.    Electric    Shovel.*       C.    li. 

Hogle.       (13)      .Ian.    23. 
Designs  and  Materials  for  Gages.*     Lucian  L.  Haas.      (72)      Jan.  23. 
The  Design  of  Automobile  Springs.   David  Landau  and  Asher  Golden.      (72)    Jan.  23. 
Kfflciency   of   Steel   Cable   Fastenings.      (14)      Jan.   25. 
A  Gas  Engine  Refrigerating  Plant.*      (04)      Jan.   28. 
Independent    Air    Pump    for    Condenser.*       William    Weir.       (Paper    read    before    the 

Institution  of  Engrs.   and  Shipbuilders   in   Scotland.)       (64)      Jan.   28. 
A    Method    of    Proximate   Analysis    for    the    Commercial    Evaluation    of    Coal.      U.    S. 

Bureau   of   Alines.      (86)    Jan.   2!». 
Workmen's  Skill    cs.   Modern   Machinery.*      Fred.   H.   Colvin.      (72)      Jan.   30. 
The  Design  of  Hydraulic  Intensifiers.*     A.  Lewis  Jenkins.      (72)      Jan.  30. 
.Machine  Shop  Practice  of  General   Interest.*      Ale.xander  Taylor.      (72)      Jan.   30. 
A  Retail   Coal   Handling   Plant   on   the   Pacific   Coast.*       (96)      Jan.    3U. 
Air  Measurement  by  Pitot  Tubes.*     (13)     Jan.  30. 

-A.   Two-Piece   Small  Type   Converter.*    A.   F.    Blackwood.    (20)    Jan.    30. 
Efticiency   of   Motor  Trucks   with   Trailers,   Report   of   a   Series  of   Tests    Made   under 

Various   Conditions   at   Troy,    Ohio.*     Morgan    Cilley,    M.    Am.    Soc.    C.    E.     (14) 

Feb.  1. 
High    Pressure   Distribution    at    Utica.*    W.    J.   Cahill.    (83)    Feb.    1. 
Gasoline   and   Oil  Power  on   the  Farm.     Philip   S.   Rose.     (46)     Feb.    1. 
Economics  of  the  Farm  Tractor.*     Philip   S.  Rose.     (46)    Feb.    1. 
L'tilisation   de   la   Xaphtaline    comme    Combustible   dans    les   Moteurs    a    E.xplosions.* 

L.    Ventou-Duclaux.    (32)    Oct. 
Dispositifs    Roduisant     la     Formation     du     Poussier,     Pendant     I'Embarquement     du 

Charbon    dans    les    Navires.*    J.    E.    Giraud.    (33)     Serial    beginning    Dec.    7. 
Les  Vehicules  Industriels  au  Salon  de  I'Automobile,  a  Paris,  en   1012.*      D.   Duaner. 

(33)    Dec.   21. 
Le  Problenie  de  la  Turbine  a  Gaz.*      E.  Grauce.      (37)      Dec.   3J. 
Nouvelle  Methode  d'Essai  des  Soudures.*    Ch.  Fremont.     (Abstract  of  paper  read  be- 
fore the   Inter.   Assoc,   for  Testing  Materials.)       (93)      Jan. 
Presses  a  Agglonierer  les  Charbons,  pour  la  Fabrication  des  Boulets  Ovoides.    Dupuy 

frgres  et  Cie.     (34)    Jan. 
Monorail   Electrique,    Systeme   Abel    Pifre,    Employe   pour    la   Construction    du    Grand 

Collecteur   de   Nantes.*    (34)    Jan. 
Benzolgewinnung   aus    Koksofengasen.*    W.    Friz-Zabrze.    (52)    Nov.    15. 
Die     Versuchsanlage     fiir     den     Wettbewerb     um     den     Kaiserpreis     fiir     den     besten 

deutschen    Flugzeugmotor.*      F.    Bendemaun.     (48)    Nov.    16. 
Darstellung  der  Betriebsvorgange  bei  Kreiselpumpen.*     H.  A.  Janssen.     (48)   Nov.  23. 
Die   Frasmaschinen   der    Werkzeugmaschinenfabrik    und    Eisenglesserei    von    Droop   & 

Rein    in    Bielefeld.*      F.    Nickel.     (48)    Dec.    7. 
Vergleichende     Untersuchungen     an     Wasserstrahl-Luftpumpen.*      Grunewald.      (48) 

Serial    beginning    Dec.    7. 
Die  spezifische  Wiirme  und  das  spezifische  Volumeu   des   Wasserdampfes  fiir  Driicke 

bis  20  at  und  Temperaturen  bis  550°   C*      Max  Jakob.      (48)      Dec.   7. 
Krafteverteilung  und  Greifen  bei  Selbstgreifeu.*     Pfabl.      (48)      Serial  beginning  Dec. 

14. 
Kabelkrane   fiir   Rauzwecke.*       (40)     Dec.   21. 

Kine  selbsttiitige  .Vnlage  zur  Aufbereitung  von  Formsand*     G.  Geiger.     (50)     Dec.  26. 
Die   Wasserstation   mit   Benoidgasaulage   in    Porsten.*    Glinski.    (102)    Jan.    1. 
I'eber   L'mkehrstrasseuanlriebe.*      Georg  Meyer.     (50)     Jan.   2. 
.N'ational-Kessel   fiir   grosse   Anlagen.*       (7)    Jan.    4. 
Schiittfeuerungen  fiir  Braunkohlen.     M.  Grellert.     (7)     Jan.  4. 
Ueber   die   Abhitzeverwertung   bei    Siemens-Martiu-Oefen.*    J.    Schreiber.    (50)    Serial 

beginning  Jan.  9. 

Metallurgical. 

The   Fried.    Krupp    Steel    Works,    Annen.*       (11)       Dec.    27. 

Investigation    of    the    Iron    Melting    Problem.*      A.    W.    Belden.       (Paper    read   before 

the   Am.    Foundrymen's   Assoc.)       (47)      Dec.    27. 
Metallurgy  at  Tonopah.*      M.   W.   von   Bernewitz.      (103)      Dec.   28. 
Progress     in     Gold-Silver    Ore    Treatment    during    1912.*       Alfred    James.        (103) 

Dec.   28. 
The   Electric    Furnace    in   the   Production    of   Iron   from    Ore.*      D.    A.    Lyon.      (105) 

Jan. 
Cyaniding   Slimy    Ore   by   Continuous    Decantation.*      H.    C.    Parmelee.      (105)      Jan. 
Some  Present  Pickling  Methods.      Oliver  W.   Storey.      (105)      Jan. 
Mammoth   System   of   Fume   Control.*      Al.   H.    Martin.       (45)      Jan. 
Progress  in  the  Metallurgy  of  Iron   and   Steel.      Bradley   Stoughton.      (20)      Jan.    2; 

(16)      Jan.   11. 
The   Jones   &    Laughlin    Aliquippa  "Works.*      (20)      Jan.    2. 
Zinc  Production   and   Smelling   in   1912.      R.   G.    Hall.       (103)      Jan.    4. 
Progress  of  Copper  Metallurgy.*      Thomas  T.   Read.      (103)      Jan.   4. 

♦Illustrated. 
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Metallurgical— (Continued). 

Cyaniding  at  the  Wasp  No.  2  Mill,  Black  Hills.*      Jesse  Simmons.      (82)      Jan.  4. 
Progress   in  Ore  Dressing.      Henry   S.   Munroe.      (103)      Serial  beginning  Jan.   4. 
Copper  Alloys  tor  Motor-Car  Service.     W.  H.  Barr.      (Abstract  of  paper  read  before 

the  See.   of  Automobile  Engrs.)       (47)      Jan.    10. 
The   Metallurgy  of  Zinc.      W.    R.    Ingalls.      (16)      Jan.    11. 
Analysis   of   Cyanide   Practice.      Herbert   A.   Megraw.      (16)      Jan.    11. 
Electric    Arc    Welding   on    the   Pacific    Coast.*       (17)    Jan.    11. 
The   Theoretical    Elfect   of    Increasing    the   Oxygen    of    the    Blast    Supplied    to    Blast 

Furnaces.   Charles  A.    Edwards.      (Paper   read   before   the   Cleveland   Institution 

of  Engrs.)       (22)      Jan.    17. 
The  Skoda  Steel   Works,  Pilsen,    Bohemia.*    (12)    Jan.   17. 
Metallurgy   of   the   Homestake   Ore.*      (16)      Serial    beginning   Jan.    18. 
The  New  No.  3  Mill  at  Flat  River,  Missouri.*      S.  R.  Stone.      (82)      Jan.   18. 
Lead  Plant  of  the  International  Smelter.*      L.  S.  Austin.      (103)      Jan.   18. 
New  Blast  Furnace  of   Maryland   Steel   Company.*      (20)      Jan.   23. 
Crystalline    Growth    of    Strained    Ferrite.*       Albert    Sauveur.       (Paper    read    before 

the  Inter.   Congress  for  Testing  Materials.)       (20)    Jan.   23. 
The  Igneous  Concentration  of  Zinc  Ores.*     F.  L.  Clerc.     (16)      Jan.  25. 
Electrolysis  of  Low  Grade  Gold   Bullion.      Theodore  W.  Bouchelle.      (16)      Jan.   25. 
Treatment   of   Concentrate    at    the   Goldfield    Consolidated    Mill.      J.    W.    Hutchinson. 

(103)      Serial    beginning   Jan.    25. 
The  MacNamara  Mill,  Tonopah.*      M.  W.  von  Bernewitz.      (103)      Jan.   25. 
Smelting  Iron  by  Electricity  on  the  Pacific  Coast.*      (62)      Jan.  27. 
Studien    iiber    die    im    Hochofen    zwischen    den    Eisenerzen    und    Gasen    obwaltenden 

Verhaltnisse.*     Norbert  Metz.      (50)   Jan.  16. 

Military. 

Notes    on    Search-Light    Mirrors    at    the    Engineer    School.*       William    F.    Endress. 

(100)      Jan. 
The  Adoption  of  an   Automatic  Gun.  V.   Lelen.    (44)    Serial  beginning   Jan. 
Military   Aviation   and   Aeronautics.    B.    D.   Foulois.    (44)    Jan. 
Progress   in   Military   Explosives.*   Wllford   J.   Hawkins.    (13)    Jan.   2. 
The   Modern   Automobile  Torpedo.*    Robert  G.    Skerrett.    (46)    Jan.    4. 
New  Hangars   for   Military   Uses.*    (46)    Jan.   18. 
La  Construction  et  la  Pose  des  Mines  Sous-Marines  Systeme  Elia.*      (33)      Jan.  4. 

Mining. 

A  Plea  for  the  Use  of  High  Tension  Constant  Continuous  Currents  In  Mines.  Syd- 
ney F.  Walker.    (26)    Dec.   27. 

Electrical  Symbols  for  Mine  Maps.*  H.  H.  Clark.  (From  Technical  Paper  22, 
U.    S.    Bureau   of   Mines.)       (57)    Dec.   27. 

Graphic  Representation  of  Oilfield  Structure.*     Alexander  J.  Heindl.     (103)     Dec.  28. 

Rock  House  of  Quincy  Mining  Co.*  T.  C.  Desoller.  (Paper  read  before  the  Lake 
Superior  Min.   Inst.)       (45)      Jan. 

Phosphate    Ore    Dressing.*    Strauss    L.    Lloyd.     (45)    Jan. 

Lake  Superior   and   Cuban    Iron   Ores.*    Day   Allen   Willey.    (45)    Jan. 

Washery    at    Soddy    Mine,    Tennessee.*    Frank    E.    Mueller.    (45)    Jan. 

Mining    Steep    Dipping    Coal.*    A.    A.    Steel.     (45)     Jan. 

Robbing  Coal  Dust  of  Its  Dangers.     Sim  Reynolds.      (45)      Jan. 

Coal  Mining  in  India.*  J.  R.  R.  Wilson.  (Paper  read  before  the  National  Assoc, 
of    Colliery    Mgrs.)     (22)    Serial    beginning    Jan.    3. 

Coal   Washing   Plant    at   a   Colliery.*    (12)    Jan.    3. 

Quicksilver    Production    and    Prices.*    Clifford    G.    Dennis.       (103)    Jan.    4. 

Review  of   Gold-Dredging   in   1912.*    Charles   Janin.    (103)    Jan.    4. 

Mining  at  the  Wasp  No.  2,  in  the  Black  Hills,  South  Dakota.*  Jesse  Simmons. 
(16)      Jan.    4. 

Hoisting  Practice  in  the  Wisconsin  Zinc  Fields.  W.  F.   Boericke.      (16)      Jan.  4. 

Electric  Power  in  the  Kern  and  Midway  Oil  Fields.*  Warren  Aikens.  (82) 
Jan.   11. 

Notes  on  Diamond  Drilling  in  the  Porcupine  District,  Ont.  Albert  E.  Hall.  (From 
School  of  Mines   Quarterly.)       (82)    Jan.    11. 

Difficulties  of  Pumping  on  the  Comstock  Lode.  Whitman  Symmes.  (Abstract  of 
paper  read  before  the  California  Miners'  Assoc.)      (82)      Jan.  11. 

Operations  of  the  Davidson  Ore  Mining  Co.,  Mich.*     Geo.  E.  Edwards.    (82)    Jan.  11. 

Winding  Engine  Controllers.*  James  Black.  (Paper  read  before  the  National 
Assoc,   of   Colliery   Mgrs.)       (22)    Jan.    17. 

Shaft-Sinking  for  the  Rondout  Siphon.*  J.  F.  Springer.  (From  Western  Engi- 
neering.)     (103)      Jan.    18. 

Filling  of  Mine  Stopes  with  Mill  Tailings.  W.  H.  Storms.  (Paper  read  before  the 
California  Miners'   Assoc.)       (82)      Jan.   18. 

Cobalt  in   1912.     Joseph  T.  Mandy.      (68)      Jan.   18. 

♦Illustrated. 
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Mining— (Continued) . 

Method  and  Cost  of  Cuustructiug  a  Coiitrcte  Liuud  Slial'l  by  Siiikiug  Through 
Overburden  and  Enlarging  a  Drift  Raised  Through  Ledge  Rock.*  (86) 
Jan.    22. 

Mining  on  the  West  Coast  of  South  America.*     Howland  Bancroft.      (103)      Jan.  25. 

South   Africa.      (Mining).      Rowland   Gaseoyne.       (82)    Jan.    25. 

Canada;   liriiish  Columbia.   (Mining).      E.   Jacobs.      (82)    Jan.   25. 

Installing  a   Mining  Plant  in   Latin  America.*      Edward  W.   Perry.      (9)    Feb. 

Lining  a   Deep  Shaft  with  Concrete.      (14)      Feb.  1. 

Construction   of   No.   3   Shaft,   Negaunee   Mine.*      S.   R.   Elliott.      (16)      Feb.   1. 

Miscellaneous. 

Urief  lievicw  of  Engineering  Practice  and  Personal  Experience  in  Latin  America 
Thirty-Two   Year.-?,    1880-1912.   Elmer   L.   Corthell.      (4)      Dec. 

The  Electrical  Measurement  of  Wind  Velocity.*  J.  T.  Morris.  (Paper  read  before 
the   British   Assoc.)       (11)      Dec.   27. 

The  Present  Opportunities  and  Consequent  Responsibilities  of  the  Engineer.  Alex- 
ander   C.    Humphreys.       (8)       Jan. 

Illumination  of  Interiors.*  Preston  S.  Millar.  (Paper  read  before  the  National 
Elec.   Light  Assoc,  and  the   Illuminating  Eng.  Soc.)       (83)      Jan.  1. 

Snow  Slide  Protection  at  Marble,  Colorado.*     Homer  V.  Knouse.      (14)      Jan.  18. 

The  Organization  of  a  Corps  of  Civil  Engineers  for  Public  Works  Services  in  the 
Dominion   of   Canada.      (96)      Jan.    23. 

Extinguishing  Fires   with   Sawdust.      Edwin  A.    Barrier.      (13)    Jan.    30. 

Municipal. 

New  ilethods  of  Approaching  the   Smoke  Problem.      Osborn   Mouuelt.      (4)    Dec. 

Delhi,   the   Metropolis   of    India.*      Sir  Bradford   Leslie.      (29)    Dec.    27. 

Grade   and    Surface    Required   on    Roads.*    (60)    Jan. 

The   Minneapolis    Park    System.*    (60)    Jan. 

The   Kansas   City    Park    System.*    James    H.    Lowry    (60)    Jan. 

Creosoted   Block  Paving  in  Chicago.*      John  Ericson.      (60)      Jan. 

Specifications  for  Roads  of  Different  Types.     E.  A.  James.      (96)      Jan.   2. 

History  of  Fifth  Avenue  Asphalt  Pavement,  New  York.  Clifford  Richardson,  M. 
Am.   Soc.   C.   E.      (  14)      Jan.   4. 

Supplementary  Reports  on  the  1907,  1908,  1909  and  1910  Dust  Prevention  and 
Road  Preservation  Experimental  Work  of  the  U.  S.  Office  of  Public  Roads. 
(86)    Jan.    S. 

Methods  of  Preparing  Cement  Concrete  Pavements.  Frank  F.  Rogers.  (Abstract  of 
paper  read  before  the  Am.  Assoc,  for  the  Advancement  of  Science.)    (86)   Jan.  8. 

Cost  of  Object  Lesson  Sand-Clay  Roads  Constructed  in  1911-12  by  the  U.  S. 
Office   of   Public   Roads.    Logan   Waller   Page.    (86)    Jan.    8. 

A  Method  of  Preparing  Plans  and  Cross-Sections  for  Road   Grading.      (86)      Jan.   8. 

Distillation  of  Tar :  Methods  of  Determination  and  Value  in  Specifications.  Philip 
P.  Sharpies.  (Paper  read  before  the  Am.  Assoc,  for  the  Advancement  of 
Science.)     (86)    Jan.    8. 

Reinforced  Concrete  Elevated  Sidewalks,  East  St.  Louis,  HI.*  E.  R.  Rodenberg.  (13) 
Jan.   9. 

Why  Smoke  is  an   Industrial   Nuisance.*    R.   C.  Benner.    (20)    Jan.   9. 

The  Laying  Out  of  Public  Parks.*  Thomas  Mawson.  (Report  to  the  Preston  Corpora- 
tion.)      tl04)    Jan.    10. 

Europe's    Good    Roads.*      Francis    Miltoun.      (46)      Jan.    11. 

Oil-Cement  Concrete  and  Bituminous  Concrete  in  Experimental  Pavements  on  Hill- 
side Avenue,  Queens  Borough,  New  York  City.  (From  Circular,  U.  S.  Ofllce  of 
Public   Roads.)    (86)    Jan.   15. 

Experimental    Reinforced    Concrete    Pavement    at    Riverbank,    Gal.     (86)    Jan.    15. 

The  Road  Question  in  Manitoba.  A.  McGillivray.  (Paper  read  before  the  Union 
of   Manitoba   Municipalities.)     (96)    Jan.    16. 

Method  of  Determining  the  Toughness  of  Bituminous  Materials.  J.  E.  Myers.  (Ab- 
stract of  paper  read  before  the  Am.  Assoc,  for  the  Advancement  of  Science.) 
(14)     Jan.    18. 

The  Traffic  Census  as  a  Preliminary  to  Road  Improvement.  William  D.  Sohier. 
(Abstract  of  paper  read  before  the  Am.  Good  Roads-  Congress.)    (86)    Jan.   22. 

The  Value  of  the  Traffic  Census  in  the  Economical  Design  of  Highways.  Arthur 
H.  Blanchard.  (Paper  read  before  the  Am.  Good  Roads  Congress.)  (86)  Jan. 
22. 

King  Edward  VII  Highway.  H.  S.  Van  Scoyoc,  Assoc.  M.  Am.  Soc.  C.  E.  (96) 
Jan.    23. 

.Maintenance    and    Repair    of   Asphalt,    Bitulithic    and    Creosoted    Wood    Block    Pave- 
ments.    W.  L.  Henipelmann.      (Paper  read  before  the  Illinois  Soc.  of  Engrs.  and 
Surveyors.)     (86)    Jan.   29. 
Experimental   Road   Construction   at   Chevy  Chase,    Md.,   by   the   U.    S.    Office  of   Pub- 
lic  Roads.      (86)    Jan.    29. 
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Municipal    (Continued). 

Method   of   Laying   Wood    Block   Pavement.      H.    S.    Lioud.      (Paper    read    before   the 

Am.    Wood    I'reservers'    Assoc.)       (86)    Jan.    29;    (96)    Jan.    30. 
Timber    for    Creosoted    Block    Paving.      Harry    C.    Davis.      (Paper    read    before    the 

Am.    Wood   Preservers'   Assoc.)       (96)      Jan.   30. 
Methods    of    Repairing    Cement-Concrete    Pavements.       (14)    Feb.    1. 
Bituminous    Gravel    Concrete   Pavement.      Spencer   J.    Stewart.      (Abstract   of    paper 

read  before  the  Am.  Assoc,  for  the  Advancement  of  Science.)       (14)      Feb.  1. 
Suitable   Foundations   for   Brick   Pavements.      Robert   Hoffman.       (Abstract   of   paper 

read   before  the  Am.  Assoc,   for  the  Advancement  of   Science).      (14)    Feb.    1. 
Teer   als    Baumaterial    fur    Stadtstrassen.      F.    Raschig.       (39)       Dec.    2U. 
Radrennbahn   aus    Eisenbelou    in    Zurich. *      Jaro    Polivka.      (78)      Jan.    3. 

Railroads. 

Some    Features    of    the    West    African    Government    Railways.*       Frederic    Shelford. 

(63)   Vol.  189. 
Specifications.      (For  Railroads.)      O.    S.   Beyer,    Jr.      (61)    Dec.   17. 
Locomotive  Power  on   Narrow  Gauge  Railways.*      (12)    Dec.  27. 
The   Florian   Angele    Valve   Gear.*       (For   Locomotives.)       (12)    Dec.    27. 
Large   Boilers   for   New    Baldwin   Locomotives.*       (94)    Jan. 
Flash  Signalling  in  British  Railway  Practice.*      J.  F.  Gairns.      (88)    Jan. 
Tests    Relating    to    the    Pulling    Out    of    Stays    and    the    Deformation    of    the    Flat 

Walls  of  Fire-Boxes.      M.    U.   Gololobov.      (88)      Jan. 
American  and  European  Locomotive  Efficiency.*      (21)    Jan. 
A.    G.   A.    Flashlights    Signals   on   the   Swedish    State   Railways.      (21)      Jan.;      (12) 

Jan.    10. 
Calling-on    Arms:    Metropolitan    District   Railway.*      (21)      Jan. 
Boat  Train,   Bombay-Delhi   Services;   Bombay,   Baroda  and  Central    India  Railway.* 

(21)   Jan. 
New  Long  Non-Stop  Express  Trains  in  Bavaria.*      (21)    Jan. 
Radd  Level   Crossings   in  America.*      (21)    Jan. 
Steel  End  for  Box   Cars.*       (15)      Jan.   10;      (25)      Jan. 
Enlarging  the   Galesburg  Tie   Plank.*      (87)    Jan. 
Panama  R.  R.  Relocation.*     F.  Hears.      (From  Annual  Report  of  the  Isthmian  Canal 

Comm.)       (87)      Jan. 
Norfolk    Union    Station.*     (87)    Jan. 
Locomotives  for  the  Associated  Lines.*      (25)    Jan. 
Slater  Front  End.*      (For  Locomotives.)      (25)    Jan. 
Locomotive  Boiler  Tube  Tools.*      Walter  R.   Hedeman.      (25)    Jan. 
La  Sallo  Street  Tunnel  Under  Chicago  River.*    (67)    Jan. 
Reinforced    Concrete    Culvert    Pipe.       (From    Report    of    the    Am.    Ry.    Bridge    and 

Building  Assoc.)       (67)    Jan. 
Gravel    Washing    Plant    of    the    Richmond,    Fredericksburg    &    Potomac    and    Wash- 
ington   Southern.*      S.   B.   Rice.      (67)    Jan. 
A  Train-Order  Signal  Controlled  by  the  Train   Dispatcher.*      (13)      Jan.   2. 
Steam  Action  in  Locomotive  Cylinders.*     Lawford  H.   Fry.      (11)      Serial  beginning 

Jan.   3. 
The  French   Yunnan  Railway.*      (11)    Jan.   3. 

Impressions  of  German  Railway  Practice.     Henry  W.   Jacobs.      (15)      Jan.  3. 
Steam  Road   Electrifications.      A.   H.   Armstrong.      (17)      Jan.   4. 
The  Development  of  the  Electric  Railway  Motor.     N.  W.   Storer.      (17)    Jan.  4. 
Progress    in    Electric    Power   Transmission    Practice.       (For   Railways.)      Louis    Bell. 

(17)      Jan.    4. 
Heavy  Electric  Traction  on  the  Continent.      (17)      Jan.  4. 
Ninety-Tons    Capacity    Gondola,     Norfolk    &    Western    Ry.*      (18)      Jan.    4;      (15) 

Jan.   3 ;      (25)      Jan. 
Shops  of  the  Missouri  Pacific  Ry.  at  Hoisington,  Kansas.     (18)     Jan. 
Mallet  Compound  Locomotives  for  the  Missouri,  Oklahoma  &  Gulf  Ry.*      (18)   Jan.  4. 
A  Parcels  Post  Tunnel   Railway.*      (46)      Jan.   4. 

Latest  Passenger  Terminal  Train  Shed.*      (14)      Jan.   4.  . ,        .,         „ 

Automatic  Block  Signals  for  Single  Track;   C,    I.   &   L.   Ry.*      (13)      Jan.   9. 
An   Industrial  Locomotive  Driven  by  a  Crude  Oil   Engine.*      (13)    Jan.   9. 
Side-Tank   Locomotive  for  the   Londonderry   and   Lough   Swilly   Railway   Company.* 

Locomotive     Indicating     Apparatus.*       Hal.     R.     Stafford.        (From     Loco.)      (18) 

A   Critical    Valve    Gear   Analysis.*      (For   Locomotives.)      Geo.    A.    Hartman.      (18) 

Jamaica  "improvement  of  the  Long  Island  Railroad.*    (14)   Jan.   11.        „    „  .      ,,,, 
Block  Signals  and  Interlocking  Plants  on  the  Chicago  Great  Western   R.   R.*      (13) 

A  100-Ton  cioal  Car:  Norfolk  &  Western  Ry.*      (13)     Jan.  16. 

Fuel   Economy  on  the  Rock  Island.     W.   J.   Tollerton.      (15)      Jan.    17. 
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Railroads '(Continued). 

EU'ilrifKution    of    Ileavv    (irades.       C.    L.    de    Muralt,    M.    Am.    Soc.    C.    E.       (IS) 

.Ian.    17. 
Derailment  of  Trucks  on   Curves.*      Arnold   Stueki.      (IS)      Jan.   17. 
Force   Feed   Lubrication.*      (15)      Jan.   17. 
The    Measurement    of    tlie    Steam    Discliarge    from    I.,ocomotive    Pop    Safety- Valves.* 

(H)      Jan.    17. 
Pacific  Type  Engines   for  South  Africa.*      (12)      Jan.    17. 
Center- Entrance    Iiiterurban    Cars    for    the   Kansas    City,    Clay    County    &    St.    Joseph 

Railway.*      (17)      Jan.    18. 
A    Succcs.sful    Automatic   Train-Stop.*       (46)      Jan.    18. 

Lighting   Specification    for   Full   Postal   Cars.      (18)      Jan.    18;      (15)      Jan.   24. 
.\    New    Terminal    Plan    for    Chicago.*       (From    Railway    and    Engineering    Npws.) 

(19)      Jan.    IS. 
Mikado  Type   Ix)comotives    for   the   Illinois   Central   R.   R.*       (18)    Jan.    18. 
I^uel   Er(5nomy  on  a  Trunk  Line  Railroad.*   W.   B.  Landon.    (18)    .Ian.   IS. 
Electrification   of   Melbourne   Suburban    Railways.      (18)      Jan.    18. 
Autoclave   Test    for   Cement.    I).    L.   &   W.   R.   R.      11.    J.   Force.       (Paper   read   before 

the   Engrs.'   Soc.   of  Northeastern   Pennsylvania.)       (18)    Jan.   18. 
Water  Flushed   Rock    Drills  in  the  Mount  Royal  Tunnel.*    (Abstract  from  Mine  and 

Quan-y.)     (14)    Jan.   IS. 
Newly   Completed    Union   Station    at   Joliet.*    (14)    Jan.    IS. 
.\   Rail-Handling   Machine   for   Rail   Renewal.*    (13)    Jan.    23. 

A  Diagram   Area  of  Railway  Culvert   Openings.*      T.   J.   Wright,   Jr.     (13)    Jan.    23. 
.V    Collapsible    Platform    and    Vestibule.*    (15)    Jan.    24. 
Weighing  Methods  on  the  St.   Louis  &    San   Francisco.    (15)    Jan.    24. 
Notes   on   Staking  Out  Track   Connections.*     W.   H.   Wilms.     (15)    Jan.   24. 
Handling   Track    Material   on    the   Pittsburgh    &   Lake   Erie.*     (IS)    Jan.    24. 
Experimental    Treatments,    with   Reference  to   the   Effect   of   Initial   Air   Pressure   on 

Penetration    of    Creosote.    R.    S.    Belcher.     (Paper    read    before    the    Wood    Pre- 
servers'  Assoc.)    (IS)    Jan.    24. 
Adzing  and   Boring  Ties  and  the  Cost  of  Installing   Plants  of  this   Kind.    James  A. 

Lounsbury.      (Paper  read  before  the  Wood  Preservers'  Assoc.)       (IS)      Jan.  24; 

(96)    Jan.    30. 
The   Mercy    of    Steel    and   the    Menace   of   Wood,    a    Study    of   Some    Recent    Railroad 

Accidents.*    (46)    Jan.    25. 
A  1  200-Volt  D.  C.  Line  in  Holland.*      (17)     Jan.  25. 
.A.   Comparison    of  Zinc   Chloride  with   Coal-Tar   Creosote    for   Preserving   Cross-Ties. 

Howard  F.  Weiss.      (Paper  read  before  the  Am.  Wood  Preservers'  Assoc.)       (17) 

Jan.   25;      (18)      Jan.   25:      (IS)      Jan.    24:      (14)      .Ian.    25. 
Narrow-Gage  Gasoline  Cars  for  Australia.*       (17)    Jan.    25. 

New   Cotton    Belt    Freight   Terminal    at    St.    Louis.    Winters   Haydock.    (18)    Jan.    25. 
The  Question   of  Government  Inspection   of  Rails.      (Report   of   (Committee,    National 

Assoc,    of  R.   R.   Commrs.)     (18)    Jan.   25. 
The  New  Canadian   Pacific  Railway   Shops  at  Ogden.   Alberta.      (96)    Jan.   30. 
British  Opinion  on  Railway  Automatic  Stops.*    H.  Raynar  Wilson.      (13)   Jan.  30. 
Grouting    a    Bank    Revetment    with    Molten    Slag.*     (13)    Jan.    30. 
The    Proposed    Extension    of   the    Grand    Trunk    Railwav    System    in    New    England.* 

(13)    Jan.   30. 
A  Continuous  Rail.*    (IS)    Jan.  31. 
Locomotive  Tender   Derailments.*    (IS)    Jan.    31. 
The    Use    of    Highly    Superheated    Steam.       (For    Locomotives.)       Gilbert    E.    Ryder. 

(IS)    Jan.    31. 
Electric  Arc  Headlight   for  Locomotives.  John   G.   D.   Mack.    (Prom   Wisconsin  Engi- 
neer.)     (19)   Feb.   1. 
Examen   Critique  d'un    Momoire.   Considerations   sur  la  Forme   k   Donner   aux   Cous- 

sinets  de  Boltes  h  Huile  et  dc  Bielles  de  Locomotives.    P.  Raes.    (31)    Pt.  3,  1912. 
Essais    de   Traction    &    Courant    Monophase,    a    12  000    Volts,    de    la    Compagnie    des 

Chemins  de  Fer  du  Midi.*      A.    Bidault  des   Chaumes.      (33)      Serial  beginning 

Dec.   28. 
Sur  un   Moyen  de  Prevoir  les  Ruptures  de  Rails.*      A.   Mesnager.      (Paper  read  be- 
fore   the     Inter.     Assoc,     for    Testing    Materials.)        (93)     Jan. 
Essai   des  Rails  au   Mouton   quant  a  I'Allongement  et   la  Ductilite  du   Metal.      P.   H. 

Dudley.       (Abstract    of    paper    read    before    the    Inter.    Assoc,    for    Testing    Ma- 
terials.)     (93)      Jan. 
Recherches    Americaines   sur   les   Rails   Poursuivies    Conjointement   par   les   Chemins 

de    Fer   et    les    Aciers.*      H.    Wickhorst.       (Abstract   of    paper    read    before   the 

Inter.   Assoc,    for   Testing   Materials.)       (93)    Jan. 
.\utomotrices    Petroleo-Electriques    Svsteme    H.    Pieper.      Marcel    Hegelbacher        (33) 

.Tan.    n. 
1  F  1-Heissdampf-Tenderlokomotive  der  hollandischen  Staatshahn  auf  Java.*     Metz- 

eltin.      (48)      Nov.    23. 
Die    Ausbilduner    der    Lokomotivmannschaft    bei    den    badischen    Staatseisenbahnen  * 

Hefft.       (102)    Dec.    15. 

•Illustrated. 
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Railroads— I  Continued  I. 

Ueber    den    Lauf    stelfachslger    Fahrzeuge    durch    Bahnkriimmungen.*      K.    Schloss. 

(102)    Dec.   15. 
Ablaufanlagen    auf    Verschiebebahnhofen    fUr    EselsrUckeubetrieb.*      Cauer.       (102) 

Dec.   15. 
Die    Lawinenverbauungen     dcr    Berner    Alpenbahn     Bern-Lotschberg-Simplon.*       K. 

Imhof.      (53)      Serial  beginning  Dec.   20. 
Scbeitelhohen  ausgefiibrter  und  gcplanter  grosser  Alpenbabnen.*      {53)      Dec.  27. 
Der  neue  Oberbau  der  Wengernalpbahn  auf  der  neuen  Liaie  Lauterbrunnen-Wengen.* 

F.  V.  Steiger.      (107)   Dec.  28. 
Richten  eingedruckter  Pufforbohlen  und  durchgedriickter  Stirnwandwinkel  an  Giiter- 

wagen.*    G.  Rosenfeldt.     (102)   Jan.  1. 
Zeichnerische    Darstelluug    der    Kriiftewirkungen    zwischen    Rad    und    Schiene    beim 

Befabren  des  krunimen  Stranges  von  Weichen.*     P.  Stadtmiiller.      (102)   Jan.  1. 
Die    Hochspannungskabel    der    Wecbselstrom-Bahnanlage    Dessau-Bitterfeld ;    Verle- 

gung,    Betrieb   und   Versuche.*      Leon   Lichtenstein.      (41)    Jan.   2. 
Die  Baustoffe  der  Spurbabnen.*    A.  Haarmann.     (50)    Jan.  2. 

Die  elektrisohe  Fernbabn  Pamplona,  Aoiz  und  Pamplona,   Sangiiesa.*      (41)    Jan.   9. 
Die  neue  Personenschwebebahn  auf  dem  Kohlererberg  bei  Bozen.*     Ottokar  Soulavy. 

(53)      Jan.    10. 

Railroads,  Street. 

Some    DifTaulties    Encountered    in    Tunnel    and    Subway    Construction    in    Boston.* 

Frederic    I.    Winslow.      (28)      Dec. 
Utilizing    Electrical    Energy    in    tbe    Construction    of    Subway    at    Boston.*      (27) 

Jan.    4. 
Grade  Reduction  on  Street  Railways.*     Carl  H.  Reeves.      (13)      Jan.   9. 
Tbe  Hamburg  Elevated  and  Underground  Railway.*     (19)     Jan.  11. 
Electric  Arc  Welding  on  tbe  Pacific  Coast.*     (17)     Jan.   11. 
IHrooklyn   Motor,  Truck   and  Brakeshoe   Improvements.*       (17)    Jan.   18. 
.\  New  Pay-Within  Car  for  the  Michigan  United  Traction  Companj.*     (17)   Jan.   18. 
Baked  Enamel  Painting  on  the  Cars  of  the  Hudson  &  Manhattan  Railroad.*      (17) 

Jan.   25. 
The  Profitable  Limit  of  a  Five-Cent  Street-Railway  Fare.     Henry  G.  Bradlee.     (13) 

Jan.  30. 
La    Transformation    des    Reseaux    d'Omnibus    et    de    Tramways    de    la    Compagnle 

Generale  des   Omnibus   de   Paris.*   A.   Bidault  des   Chaumes.      (33)    Dec.   7. 
Nouvelles  Voitures  de  Tramways  du  Systeme  "Payez  en  Entrant."     (33)    Dec.   21. 
Die    elektrischen    Stadtschnellbahnen    der    Vereinigten    Staaten    von    Nordamerika : 

Anlage,    Bau    und    Betrieb    der    Stadtbahnen    in    Neuyork,    Boston,    Philadelphia 

und  Chicago.*  F.  Musil.    (102)    Serial  beginning  Jan.  1. 
Zum  Rlesenverkehr  in  Weltstadten.     Eugen  Fassbender.      (53)    Jan.   17. 

Sanitation. 

To  What   Degree   Must   Sewage    Be  Purified?      Chester   G.   Wigley.      (59)     Vol.    32. 
The  Main   Drainage  of  Glasgow.*    Alexander  Beith   McDonald   and   Gotfred   Midgley 

Taylor.      (63)      Vol.    189. 
The   Construction    of    the    Glasgow    Main-Drainage    Works.*     William    Cecil    Easton. 

(63)      Vol.     189. 
Glasgow  Main   Drainage,   the   Mechanical   Equipment   of  the   Western   Works   and    of 

the  Kinning  Park  Pumping   Station.*      David  Home   Morton.    (63)     Vol.    189. 
Daily  Fluctuation  in  Sewage-Flows.*      William  Fairley.     (63)    Vol.   189. 
Concrete    Sewer    Construction    in    Louisville.*      J.    H.    Kimball.      (60)     Jan. 
Operating    Results    of    the    Sewage    Disposal    Works    at    Bordentown,    New    Jersey.* 

C.   M.   Hartley.     (86)    Jan.    1. 
riuilding  of   Brick   Trunk   Sewers.*      Owen    B.    Maginnis.       (76)    Jan.    1. 
Plumbing    in    a   Tall    Store    and    Loft    Building.*    (101)    Jan.    3. 
Oast-Iron    Boiler    Heating    Plant   in    Skyscraper.*       (101)    Jan.    3. 
Heating    New    County    Court    House    at    New    Haven.*     (101)     Jan.    3. 
Heating    Building   During    Raising   Operations.*      (101)    Jan.    3. 
Combination   Heating   In   a   Large   Residence.*     J.   E.    R.     (101)    Jan.    3. 
Sludge    Disposal    at    Bradford.*     (104)     Jan.    3. 

Disinfection  of  Sewage  and  Sewage  Filter  Effluent,  Results  of  Experiments  by  Massa- 
chusetts State  Board  of  Health.      (14)    Jan.   4;    (86)    Jan.  29. 
Street  Cleaning  and  Garbage  Collection  Methods  in   Chicago.      (14)      Jan.  4;      (13) 

Jan.    16;    (86)    Jan.    18. 
>^owage   Disposal.     J.    Darlington    Whitmore.      (Paper    read   before   the   Regina   Eng. 

Soc.)      (96)    Jan.    9. 
Sewage   Disposal   by  the   Biological   Process.*       (101)      Jan.    10. 
Open    Windows    with    Mechanical    Ventilation.       Ralph    C.    Taggart.        (Paper    read 

before  the  Am.  Soc.  of  Heating  and   Ventilating  Engrs.)      (101)      Jan.   10. 
Sewage  Testing  Statiou  at  Cleveland.      (14)      Jan.  11. 

•Illustrated. 
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Sanitation  — (Continued). 

('i)ii.striiction  of  ;i  Concrete  Sewer  Tunnel  Through  Uiffloult  Ground.*      H.   S.   Philips. 

(96)     Jan.    16. 
Limiting  the   Use   of  the   Chicago   Drainage   Canal.     (13)     .Ian.    16. 
Sanitary  Equipment  of  a  Loft  Building.*     (101)     Jan.   17. 
High   Standard   for   Gymnasium   Ventilation.*     (101)     Jan.    17. 
The   Hot-Panel   and    Hot-Floor   Border   System    of  Heating.     H.    Hiall    Saukcy.     (Paper 

read   before  the   Junior   Institution  of    Engr.s.)     (11)     Jan.    17. 
Seeing  New  York  with  the  Sanitary  Enginc(-r.    J.  X.   Cohen.     (14)     Jan.   18. 
CiiM.'^truction  of  the  Calumet-Sag  Canal.*     E.   J.   Kelly.     (13)     Jan.   2:',. 
Drainage   Area   and   Population    of   the   Ohio    River   Valley   and    Pollution   of   the   Ohio 

River.      A.   H.   Horton.     (13)     Jan.   2:5. 
Night    Soil    Incinerating  Furnace   at   a   Contractor's   Camp.*     Arthur   W.    Tidd.     (I.^) 

Jan.   23. 
Street   Cleaning  in   Port   Arthur.    W.    S.   Bowden.     (96)     Jan.    23. 
Temperature   and   Humidity   in   Factories.     (101)     Jan.   24. 
Milhod    of    Locking    Sewer    Manhole    Covers    Employed    at    Webb    City,    Mo.      E.    W. 

Robin.-^on.     (86)     Jan.    29. 
Sonic    Notes    on    Modern    Sewage    Pumping    Machinery    and    Appliances,    with    Illus- 
trative   Examples.*      (86)      Jan.    29. 
The  Epidemic  of  Typhoid  Fever  in   the  City  of  Ottawa.    Charles  N.  B.   Canioc.     (96) 

Jan.   30. 
Heating    and    Ventilating    Equipment    of    Mammoth    Automobile     Factory.*      (101) 

Jan.   31. 
Fortschritte  auf  dem  Gebiete  der  Miillverbrennung.*     Schaefer.     (39)     Dec.   5. 
Beziehungen    zwischen    Theorie    unl    Erfahrung   in    der    Lehre   vom    Warmeiibergang. 

Heinrich   Grober.     (7)     Dec.   14. 
VervoUkonimnung  der   gewohnlichen   Warmwasserheizung   und   der   zentralen   Warm- 

wasserbereitung.*     (7)     Dec.    14. 
Zersetzung  der  Schlammsubstanz   in  Emscherbrunnen.    H.   Bach.     (39)     Dec.   20. 
Mullabfuhr.     Knipping.      (39)     Dec.    20. 

Die   Abwasserreinigungsanlage  der   Stadt  Gleiwitz.*     Hache.     (7)     Dec.    21. 
Physiologisehe   Versuchc    mit   Ozonluft.     Erich    Schneckenberg.     (7)     Dee.    28. 
Die    Dampfwaschereien     und    ihre    hygicnische    Bedeutung.*       Otto    Neumann.      (7) 

Serial   beginning   .Inn.    4. 

Structural. 

The   Testing  of   Antifriction   Bearing  Metals.*      John    Goodman.       (63)       Vol.    189. 
.\n    Experimental    Determination    of    the    Stresses    in    a    Roof-Truss.*      Cecil    Howaid 

Lander,   Gilbert  Cook   and   Jo.scph    Ernest  Petavel.      (63)      Vol.    189. 
Experiments  on  the  Adhesion  of  Old  and  New  Concrete.*      Hector  St.  George   Rnbin- 

.son.     (63)     Vol.  189. 
Wind   Pressure  on   Buildings.*      Albert   Smith.      (4)      Dec. 
Magnetic  Measurement   in   Iron   and   Steel   Works.*      (73)      Dec.    27. 
Tests    of    Structures.*      James    E.    Howard.       (Paper    read    before    the    Inter.    Assoc. 

for  Testing  Materials.)      (11)     Dec.  27. 
Notes   on   the    Formation    and    Inhibition    of   Mildew    in    Paints.    Henry    A.    Gardner. 

(3)      Jan. 
The  Action  of  the  Salts  in  Alkali  Water  and  Sea  Water  Upon  Cements.  P.  H.  Bates, 

A.  J.   Phillips  and  Rudolph  J.   Wig.      (Abstract  of  Technologic  Paper   Xo.   12. 

V.  S.  Bureau  of  Standards.)       (3)      Jan. 
The  Tallest  Building  in  the  World.*      Frank  W.   Skinner.      (36)      Jan. 
A   Modern  Steel  Mill  Building.*      Arthur  W.   Harrington   Jun.   Am.   Soc.   C,   E.      (36) 

Jan. 
.\  Time   Saving   Chart    for   Solving   Problems   in   Reinforced   Concrete    Beam    Design. 

Donald    P.    Maxwell.      (86)      Jan.    1. 
Principles    of    Design    of    a    New    Type    of    Girderless    Floor    Construction    of    Rein- 
forced Concrete.*     T.  L.  Condron.      (Abstract  of  paper  read  before  the  Natonal 

Assoc,   of  Cement  Users.)         (86)      Jan.   1. 
Methods  of  Tests  for  Concrete  Materials.      (Report  of  Comm.  to  the  Natl.   Assoc,  of 

Cement   Users.)       (13)      Jan.    2. 
Some  Points  in   the  Design   and   Construction   of  Reinforced  Concrete.      E.    P.   Wells. 

(Abstract   of   paper   read    before  the    Concrete    Inst.)       (13)      Jan.    2. 
The  Effect  of  Acids  and  Oils  on   Concrete.      (11)      Jan.  3. 
Using  a   Barge  for  Moving  a  Fire  House   in   Service.*      (14)      Jan.   4. 
Keeping  Concrete   Costs.      Morton   C.   Tuttle.      (14)      Jan.    4. 
New  Terminal   Post  Office  in  New  York.*      L.  B.   Marks  and   J.  E.  Woodwell.      (27) 

Serial   beginning  Jan.   4.  ,    r^      ,•  u     t  *•       .        t  .       ^ 

A    Reinforced     Concrete    Screw    Pile    of    English     Invention.*       James     A.     Seager. 

Failure  of  a  Reinforced  Concrete  Building,  Detroit,  Mich.*      (13)     Jan.  9. 
Rolling  Tvpe   of  Theater   Stage   Skylight.*      William    Neubecker.      (101)      Jan.    10, 
Concreting    the    Floors    and    Columns    in    the    Butler    Brothers    Building,    Chicago.* 
(14)      Jan.    11. 


•Illustrated. 
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Structural     (Continued) . 

Structural   Oetails  in  the  Harris  Theater.*     (14)     Jan.   11. 
Details  of  an   Engine  Test   Building.*      (14)     Jan.    11. 
Large  Conc-rete  Pile  In.stallatlon.*      (14)      Jan.  11. 

Formulas    and     Diagrams    for    the    Design    of    Rigid    Frames    for    Steel    and    Rein- 
forced Concrete.*      (86)     Jan.   If). 
.Method   of    Building    Foundations    for    a   Typical    Substation,    with    Special   Reference 

to   the    Rxcavation.*      Alden    W.    Welch.       (86)    Jan.    15. 
Coefficient    of    Sliding    Friction    of    Concrete    on    Concrete.       Frank    P.    McKibben. 

(Abstract   of   paper   read   before    the   National   Assoc,    of   Cement   Users.)       (96) 

Jan.  It;. 
Calculations   for  Stability  of  Chimnevs.*      Leonard   Gooddav.      (96)      Jan.   16. 
Sea  Shell   Window   Panes  of  the    Philippines.*      (101)      Jan.    17. 
Notes    on     the     Brittleness     Test.       M.     Derihon.        (Paper    read     before    the     Inter. 

Assoc,    for   Testing   Materials.)      (47)      Jan.    17. 
Patents   Relating   to   Concrete    Construction.      (14)      Jan.    18. 
Influence  of  Temperature  on  Concrete  :     Proposed  Method  of  Figuring  the  Increase  in 

Strength    in    Cold    Weather.*      Warren    A.    Hoyt.      (14)      Jan.    18. 
Preventing  Dampness   in   Masonry.*        (14)      Jan.   18. 

Girders    in    the  Grand   Central    Terminal.    New   York    City.*      (14)      Jan.    18. 
The  Portland  Cement  Specifications  of  Lackawanna  R.  R.      (13)      Jan.  23. 
Tests    to    Determine    the    Effect    Upon    Absorption    and    Penetration    of    Mixing    Tar 

with  Creosote.      F.   M.   Bond.      (Paper  read  before  the  Wood   Preservers'  Assoc.) 

(IS)      Jan.  24  ;      (14)      Jan.  25. 
Natural  and  Artificial  Seasoning  of  Douglas  Fir  for  Treatment.     F.  D.  Beal.      (Paper 

read   before  the  Wood   Preservers'   Assoc.)       (15)    Jan.   24:    (96)    Jan.   30. 
Roller-Bearing   Support   of  Figure   on   the   Campanile.*       (14)      Jan.    25. 
Sinking  a  Concrete  Pit  Lining  Through  Clay  and  Quicksand.*      (14)      Jan.   25. 
Method     of     Computing    Reinforced     Concrete     T-Beams.*       Gunder     Hansen.      (14) 

Jan.   25. 
Production   and  Supply  of  Coal  Tar  Creosote.      E.   A.   Sterling.      (Paper   read   before 

the  Am.  Wood  Preservers'  Assoc.)      (18)      Jan.  25:      (15)      Jan.  24. 
Some   Dangers  of  the   Practice  of   Competitive   Commercial    Designing  of   Reinforced 

Concrete    Buildings,      Ernest   McCullough.       (Abstract   of  paper   read   before   the 

Illinois   Soc.  of  Engrs.   and   Surveyors.)      (86)      Jan.   29. 
Tests  of  a   Building  Floor  to  Determine  Distribution  of   Stresses  and  Relative  Mag- 
nitude   of   Stresses    in    Wall    and    Interior   Panels.*      Lord.      (Abstract   of   paper 

read    before    the   National   Assoc,    of    Cement   Users.)      (86)      Jan.    29. 
The    Treatment    and    Care    of    Floors.      Geo.    W.    Saums.       (Paper    read    before    the 

Am.   Wood   Preservers'   Assoc.)       (96)      Jan.   30. 
Failure  of  a   Theater   Building.   New  York  City.*      (13)      Jan.  30. 
A   Building   Foundation   Constructed   by   the   Freezing   Process.*      (13)      Jan.    30. 
Extinguishing    Fires    with    Sawdust.      Edwin    A.    Barrier.       (13)      Jan.    30. 
Columns    in    the    New    Grand    Central    Terminal,    New    Yorii    City.*      (14)      Feb.    1. 
Contribution   a   I'Etude  Theorique   de  la  Flexion.      F.    Keelhoff.      (31)      Pt.    3,    1912. 
De   I'Accroisseuient    Progressif   de   Resistance   des   Mortiers   de   Ciment.      (84)      Nov. 
Calcul   des   Pieces  Flechies  en   Ciment   Arnie.*      Moreau.      (35)      Dec. 
Fondations   en    Ciment  Arme,   d'un   Batimcnt  Double,   Boulevard  Delessert,   a   Paris.* 

E.   Rivoakn.     (35)     Dec. 
Assdchement  des  Constructions  Humides.      (35)      Dec. 
Apparcils  pour  la  Fabrication   de  Planches   en   Beton   de   Pierre   Ponce.*     H.    Koenig. 

(84)     Dec. 
La   Peinture   au   Minium.     (35)     Jan. 
Recentes     Recherches     Faites    au     "National     Physical     Laboratory     de    Teddington" 

(Angleterre)     sur    la    Resistance    des    Metaux    aux    Efforts    Alternatifs.*     T.    E. 

Stanton.      (Abstract    of    paper    read    before    the    Inter.    Assoc,    for    Testing    Ma- 
terials.)     (93)     Jan.. 
Essais   d'Endurance    de    I'Acier    pour    Machines.*     J.    O.    Roos    af    Hjelmsiiter.      (.-Vb- 

stract  of  paper  read  befire  the  Inter.   Assoc,  for  Testing  Materials.)     (93)     Jan. 
Quelques   Essais  Statiques  et  Dynamitiues  d'Endurance.*      J.   O.    Roos  af  Hjelmsater. 

(Abstract    of     paper     read     before    the    Inter.     Assoc,     for    Testing     Materials.) 

(93)     Jan. 
Fatigue    des    Metaux.*     O.    Boudouard.      (Abstract    of    paper    read    before    the    Inter. 

Assoc,    for   Testing  Materials.)      (93)     Jan. 
Essais  de  Duree,  Recherche  sur  un  Essai  Commercial  d'Endurance.*    J.  B.  Kommers. 

(Abstract    of    paper    read    before    the     Inter.     Assoc,     for    Testing    Materials.) 

(93)     Jan. 
H,;sais  aux   Efforts  Alternatifs,   Proposition   d'un   Facteur  de  Qualite  et  d'une  Forme 

Normale  d'Essai,   avec   des   Resultats  pour  Divers   Materiaux.*     J.    B.    Kommers. 
(Abstract    of    paper    read    before    the    Inter.    Assoc,    for    Testing    Materials.) 
(93)     Jan. 
Recherches     sur     I'lnfluence     de     la     Forme     des     Eprouvettes     sur     les     Proprietes 

Mecaniques    de   la    Fonte.*     J.    E.    Stead.     (Abstract   of   paper    read   before    the 

Inter.  Assoc,   for  Testing  Materials.)     (93)     Jan. 


►Illustrated. 
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Structural     (.Continued;. 

Syst^me    Propose    pour    les    Eprouvettes    de    Fonte    Trempantes.*      Thos.    D.    West. 

(Abstract    of    paper    read    before    the    Inter.    Assoc,    for    Testing    Materials.) 

(93)     Jan. 
Utilisation    de    la    Double    Refraction    Accidentelle    du    Verre    &   I'Etude    des    Efforts 

IntSrieurs    dans    les    Solides.*     A.    Mesnager.      (Paper    read    before    the    Inter. 

Assoc,   for  Testing  Materials.)     (93)     Jan. 
Difference    entre    la    Deformation    des    Materiaux    Tenaces    et    celle    des    Mat6riaux 

Plastiques.     Wilhelm  Misangyi.      (Paper  read  before  the  Inter.  Assoc,  for  Test- 
ing  Materials.)      (93)     Jan. 
Du    Dcgro    de    Surety    Offert    par    les   Laboratoires    et    Machines    d'Essai    et    par    les 

EssHis    de    Resistance    des    Materiaux.     A.    Martens.      (Abstract    of    paper    read 

before  the  Inter.   Assoc,   for  Testing  Materials.)      (93)     Jan. 
La    Question    du    Frottement    entre    les    Fanes    Terminales    Parallgles    d'un    Corps 

Coruprime  et  les  Plaques  de  Compression.    H.  I.   Hannover.     (Paper  read  before 

the    Inter,     \ssoc.    for    Testing    Materials.)      (93)     Jan. 
Relation   entre   la   Limite  d'Etirage  et  la  Charge  de  Flambage  dans  les  Eprouvettes 

d'un    Meme   Metal.*      Otto   Greger.      (Abstract   of   paper  read   before   the   Inter. 

Assoc,    for   Testing  Materials.)     (93)     Jan. 
Influence   du    Travail    au    Froid   sur    les    Proprigtes    Physiques   des   M6taux.*      W.    R. 

Webster.    (Abstract  of  paper  read  before  the  Inter.  Assoc,  for  Testing  Materials.) 

(93)     Jan. 
Influence    des    Hautes    Temperatures    sur    les    Proprietes     Physiques     de    Quelques 

Alliages.*       I.    M.    Bregowsky    et    L.    W.    Spring.      (Abstract    of    paper    read    be- 
fore the  Inter.  Assoc,  for  Testing  Materials.)     (93)    Jan. 
Modification    des    Proprietes    Mecaniques    et    de    la     StrUvi^re    de    Quelques    Aciers 

a    Outils   Recuit   entre    600"    et    1  000°    C*      S.    de    Fftbry.       (Abstract    of   paper 

read    before    the    Inter.    Assoc,    for    Testing    Materials.)      (93)    Jan. 
Itelatiou    entre    la    Resistance    a    la    Traction    de    I'Acier    et    les    Essais    Magnetiques 

ainsi    que    les    Autres    Essais    de    Durete.*       Ralph    P.    Devries.       (Abstract    of 

paper   read   before  the    Inter.    Assoc,    for   Testing   Materials.)      (93)    Jan. 
Indication    Thermo-Electrique    dp    la    Fatigue     connne     Methode     d'Essai.*       T.     R. 

Lawson   et   J.    A.    Capp.      (Abstract  of  paper   read  before  the    Inter.   Assoc,   for 

Testing    Materials.)       (93)     Jan. 
Nouvelle    Methode    d'Essai    des    Tuyaux    en    Acier.*       Ch.    Fremont.       (Paper    read 

before  the  Inter.  Assoc,  for  Testing  Materials.)      (93)   Jan. 
Nouvelle  M6thode  d'Essai  des  Fils  d'Acier.*      Ch.   Fremont.      (Paper   read  before  the 

Inter.    Assoc,    for    Testing    Materials.)        (93)     Jan. 
Nouvelle    Methode    d'Essai    des    Aciers    pour    Rivets.*       Ch.    Fremont.       (Paper    read 

before    the    Inter.    As.soc.    for   Testing    Materials.)       (93)    Jan. 
Note    sur    la    Resistance    des    Tubes    Cylindriqucs    jusqu'a    la    Rupture.*       Malaval. 

(Paper  read  before  the  Inter.   Assoc,   for  Testing   Materials.)      (93)    Jan. 
Peintures    pour    Constructions    Metalliques.       Allerton    S.    Cushnian.        (Abstract    of 

paper    read    before    the    Inter.    Assoc,    for    Testing    Materials.)        (93)     Jan. 
Notes   sur   I'Essai  des   Peintures.      P.    Labordere   et   F.    Anstett.      (.-Xb^tract   of   paper 

read    before   the    Inter.    Assoc,    for   Testing    Materials.)       (93)    Jan. 
L'n    Essai    Acc61ere   de    I'Oxydabilite   Relative   des   Fers    dans    I'Eau    et    les    Solutions 

Aqueuses.*       Frank    Lyon.       (Abstract    of   paper    read    before    the    Inter.    Assoc. 

for   Testing    Materials.)       (93)    Jan. 
Rapport  entre  I'Effort  de  Flexion  et  les  Tensions  Actuelles  ou  la  Durete.*   A.    Reno. 

(Abstract  of  paper  read  before  the  Inter.  Assoc,    for  Testing   Materials.)       (93) 

Jan. 
Schwimmbecken   in   Eisenbeton  des  Johannesstiftes  in   Spandau.*    (51)    Sup.   No.   24, 

1912. 
Die    neuen    Viehhallen    auf    dem    Schlachthof    der    Stadt    Osnabriick.*       Hans.    Kina. 

(51)     Serial    beginning    Sup.    No.    1,    1913. 
Festigkeitsversuche   an    eisernen    Fachwerkmasten,    ausgefiihrt    von    der    Briickenbau- 

anstalt  Alb.  Buss  &  Co.  A.-G.  m  VVyhlen  (Baden).*     L.  Schaller.      (48)     Nov.  2.^. 
Untersuchungen  liber  die   Kraftrichtung   in   schiefen   Flatten.*      C.   Busemann.      (48) 

Nov.    23. 
Versuche    zur     Klarstellung     des     Einflusses     der     Spannungen,     welche     durch     das 

Nieten    im    Material    hervorgerufen    werden    und   die   der   Entstehung   von    Niet- 

lochrissen  Vorschub   leisten   konnen.*      C.    Bach   und  R.    Baumann.      (48)    Nov. 

23. 
Saulenfussplatten   und  Anker.*      Janser.     (69)     Dec. 
Goebel-Proflle     (H-Profile)     und    ihre    zukiinftige    Verwendung    im     Eisenbau.*      M. 

Foerster.      (69)      Dec. 
Borechnung   gewolbter    Flatten.*      Huldreich   Keller.      (48)    Serial   beginning    Dec.    7. 
Die    Knickkraft    exzentrisch    gedriickter,    auch    durch    Querkrafte    belasteter    Stabe. 

(40)       Dec.   25. 
Druckverteilung    in    exzentrisch    belasteten    Mauerpfeilern    bei    Ausschluss    von    Zug- 

spannungen.      E.  Morike.      (78)      Jan.   3.  .  ^.     ^        „...., 

Die   "rahmenartigen    Tragwerke"    nach   der   neuen    Oesterreichischen    Ministerialvor- 

schrift      Karl  Vaiek.      (78)      Serial  beginning  Jan.   3. 
Dachkonstruktionen    nach    Art    der    Foppl'schen    Flechtwerkdacher.*      (51)    Jan.    8. 

*Illustrated. 
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Topographical. 

I'lil'lir    hand   Survey    Methods    iu    the    Philippine    IsUuids.      William   H.    Deau.      (98) 

Water  Supply. 

Oi-Kanization  of  the  Uureau  of  Water  Suiiplv.  Citv  at  New   Vork.»      I.  M.  do  Varoiia. 

(59)      Vol.   32. 
•riic    Philosophy   of   PurehasiiiK   Supplies.       (For    Water-Works.)       IClihu    Cunynghaiii 

ChuriJi.       (59)    Vol.    22. 
Tlic   Principles  of   ICfflcioney  Applied  to   Water  Works.      Harrington   Emerson.      (59) 

Vol.   32. 
I'lie    Value    of    a    Continuous    Settling    Basin,    and    a    Discussion    of    the    Economic 

Principles    of    Design    of    Such    Reinforced    Concrete    Structures.*       Alexander 

Potter.      (59)      Vol.   32. 
Turbine   Driven   Centrifugal   Pumps   for  Water  Works   Service.      W.   O.    Beyer.      (59) 

Vol.  32. 
Progress  in  Adoption  of  the  National  Standard  Hose  Coupling  and  Hydrant-Fittings 

for  Public  Fire  Service.   F.   M.   Griswold.      (59)      Vol.   32. 
Laying  Water  Mains   Under   Streams   or   How  We   Crossed   Two   Streams  with   Ward 

Pipe  at  Rome,   Georgia.*      M.    L.   Worrell.      (59)      Vol.   32. 
Phenomenal  Growth  of  the  Water  Works  of  Edmonton,   Alberta.      A.  Maclean.      (59) 

Vol.    32. 
Ice  Troubles  at  Buffalo.     Henry  L.  Lyon.      (59)     Vol.  32. 
A    Method    of    Increasing    the    Depth    of    a    Large    Wooden    Settling    Tank.       A     H. 

Meyers.      (59)      Vol.   32. 
A  Reliable  Presumptive  Quantitative  Test  for  B.  Coli.     S.  T.  Powell.      (59)      Vol.  32. 
Forty-Eight    Inch    Wood    Stave    Force    Main    Built    for    the    Water    Department    of 

Atlantic   City.      L.   Van   Gilder.      (59)      Vol.    32. 
A   Discussion  of  Depreciation   and  a   Comparison  of  Rates   and   Bookkeeping  Methods 

of  Municipally  and  Privately  Owned  Water  Works.  (59)  Vol.  32. 
Ancient  and  Modern  Water  Works.*  Edward  Wegmann.  (59)  Vol.  32. 
Floor    Area    X^nit    as    a    Basis    for    Estimating    Consumption.*       William    W.    Brush. 

(59)      Vol.   32. 
More    Than    Fifty    Years'    Reminiscence    in    Water    Works.    H.    G.    H.    Tarr.      (59) 

Vol.   32. 
Hypochlorite   Sterilization   at  Kansas  City,   Missouri.*      S.   T.    High.      (59)      Vol.   32. 
The  Cost  of  Leaks;   Does  it  Pay  to   Stop  Them?*      Edward   S.   Cole.     (59)     Vol.   32. 
Methods   and   Cost  of  a   Leakage  Survey   at  Lancaster,   Pennsylvania.*     F.    H.    Shaw. 

(59)      Vol.   32. 
Water  Softening  at  Owensboro.   Kentucky.      E.  H.  Breidenbach.      (59)    Vol.   32. 
Chlorination   at   Cleveland,    Ohio.*      D.    D.   .Jackson.      (59)      Vol.   32. 
Reasonable    Requirements    Imposed    Upon    Water   Works    Systems   by    the    Fire    Pro- 
tection   Problem.      Clarence    Goldsmith.      (28)      Dec. 
Uses  and   Abuses  of  Water  Filtration.     Gilbert   H.    Pratt.      (28)     Dec. 
Construction    of    Arched    Masonry    Dam    at    Las    Vegas,    New    Mexico.      William    T. 

Barnes      (28)    Dec. 
Paint  for  Standpipes  and  Methods  of  Applying.     (Topical  Discussion  before  the  New 

England   Water  Works   Assoc.)     (28)     Dec. 
Caisson    Work     at    Hales    Bar    Dam.*      E.    L.    Madere    and    Roger    B.     McWhorter. 

(100)     Jan. 
The     Multi-Differential     Arch     Dam,     Some     Methods     of     Construction,*      Geo.      E. 

Ladshaw.     (36)     .Tan. 
The  Problem   of   Interstate   Swamp   Drainage  ;   The   Red   River  of  the   North  *    M.   O 

Leighton.     (86)     Jan.    1. 
.An    Argument   for   Water    Meters   in   Chicago    from    the   Standpoint   of  the   Indi\idual 

Householder.*     T.    C.    Phillips.      (86)     Serial    beginning   Jan.    1. 
Cost  of  Concrete  Lining  7  0.50  ft.  of  Irrigation  Canal.*     (86)    Jan.  1. 
Test   of   a   Steel    Overshot   Water   Wheel.*     C.    R.   Weidner.     (13)     Jan.    2. 
The  Purchase  of  Lime  for  Water  Purification.      W.   F.  Monfort.     (Paper  read  before 

the   Am.    Public   Health   Assoc.)      (96)     Jan.    2. 
Deep  Artesian  Well   and  Deferrating  Plant.*     (12)     Jan.   3. 
Fine  Grade  Filters,   Their  Use  and  Limits.*    W.   H.   Makepeace.     (Paper   read  before 

The  Assoc,   of  Mgrs.  of  Sewage  Disposal  Works.)       (104)      Jan.   3. 
Wapato   Irrigation    Project   in   Northern  Washington.*      (14)     Jan.    4. 
Catonsville  Steel  Stand  Pipe.*     (14)     Jan.  4. 

Large   Impulse   Wheels   at  Rio   de   Janeiro.    Brazil.*     (14)     Jan.   4. 
Investigation   of   Cambridge   Water   Supply.     (14)     Jan.    4. 
The   Interpretation   of   Stream   Flow-Gaging   Records   of   the    Sunol    and    Niles    Dams 

by  an  Experimental  Study  of  the  Flow  Over  Models.     (86)    Jan.  8. 
Lawrence   Experiment  Station   Studies   in   the   Purification   of  Water.      (86)    Jan     8  • 

(14)    Jan.    11. 
Reinforced   Concrete   Elevated   Water   Tank  at   Berlin,   Ontario.*     (96)     Jan.    9. 
The  Design  of  Hydraulic  Accumulators.*    A.  Lewis  Jenkins.     (72)    Jan.  9. 

*Illustratcd. 
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Water  Supply— (Continued). 

The  Final   Completion   and   Operation   of  the  Los   Angeles   Aqueduct.*     (96)     Jan     9 

S.llinK  Water  by  Current   Meter  Measurement.*    J.  C.   Allison.     (13)     Jan.   9. 

A   I'ruitiial   Question   in  the  Teehnie  of  Water  Bacteriology.      (13)    Jan.   9. 

Water  Wheel  Thrust  Bearing.*     (14)     Jan.   11. 

New    Reinforced    Concrete    Reservoir    at   Council    Bluffs.*      (14)     Jan.    11. 

IKsign   and   Construction   of  Oakley   Dam.*     (14)     Jan.    11. 

Hydroelectric   Plant    at  TroUhiUtan,    Sweden.*     (27)     Jan.    11. 

Large  Reinforced    Concrete    Water   Tanks.*      L.    J.    Meusch.      (18)      Jan.    11. 

The    Design    of    a    Water    System    for    the    Boiler    Feed    and    Fire    Protection    of    a 

Mcdern    Saw-Mill.*      R.    W.    Rea.      (86)      Jan.    15. 
A    Report    Upun    the    Relative    Advantages    and    Disadvantages    of    Mechanical    and 

Slow   Sand   Filtration   Plants   for  Toronto,   Ontario,    Sand   Filters   Recommended. 

Allen    Hazeu.       (Report    to    the    Commr.    of    Works    of    Toronto,    Ont.)        (86) 

Jan.   15. 
Allowance    for    Evaporation    from    Reservoir    Surfaces.       H.    M.    Chittenden.      (13) 

Jan.   16. 
Booster    Pumps.      H.    E.    Cole.      (Abstract   of   paper    read    before    the   Central    States 

Waterworks   Assoc.)       (96)      Jan.    16. 
The  Design  and  Specifications  for  the  Arrowrock   Dam,  U.   S.   Reclamation   Service.* 

(13)      Jan.    16. 
Construction    Features    of    the    Elephant    Butte    Dam,    U.    S.    Reclamation    Service.* 

(13)      Jan.    16. 
Gibb's   Module   for   Irrigation   Works.*      (11)      Jan.    17. 
The    Assuan    Dam    and    Its   Recent    Development.*      Hanbury    Brown.      (12)      Serial 

beginning  Jan.    17. 
Use  of  Chloride  of  Lime  with  Pressure  Filters,  Experience  at  Philadelphia  in  Purifying 

a   Water   Subject  to   Sudden   Variations   in   Character.*   Francis  D.   West.      (14) 

Jan.    18. 
.\'ew   Si.xty-Inch   Water-Supply   Conduit   at   Denver.*      (14)      Jan.    18. 
Seeing   New    York   with    the   Sanitary    Engineer.      J.   X.   Cohen.      (14)      Jan.    18. 
Bull   Run   Hydroelectric  Plant.*      C.   E.    Hickok.      (14)      Jan.    18. 
Test    of    Thrust    Bearing   on    Large    Water    Wheel.*      (14)      Jan.    18.- 
The   Design   of  a   300  000   Gal.   Reinforced   Concrete  Standpipe   for    Penetanguishene, 

Ontario.*      (86)      Jan.  22. 
Completion  of  the  Rebuilt  Assuan  Dam.*      (13)      Jan.  23. 
Water- Power   from  the   Mississippi.*      G.   Donald  Dell.      (96)      Jan.   23. 
The  Filtration   Plant  of  the  Montreal  Water  and  Power  Company  at  Montreal,   Que- 
bec*     (96)      Jan.    23. 
Hydro-Electric   Development  on  the  Magpie  River.*      (96)    Jan.   23. 
Cost  of  Building  Waterworks  Plant  and  Power  House,   Including  Coagulating  Basin, 

Filters,    Clear- Water    Well    and    Reservoir.*       John    W.    Ash.      (14)      Jan.    25. 
Seasonal    Duty    of    Irrigation    Water,    Conclusions    Based    on    Observations    made    in 

the   Boise  Valley,   Idaho.      F.   W.   Hanna.      (14)      Jan.    25. 
Water   Purification    at   Philadelphia  during   1911.      (14)      Jan.   25. 
The  Design  of  the  New  Water  Works  Intake  and  Screen   Tower  at  Louisville,  Ky.* 

G.    D.    Grain.   Jr.     (86)     Jan.    29. 
The   Cause    of   the    Failure   of   the    Nashville   Water   Works   Reservoir   Wall,    Nature 

of    Recomnunded    Repairs    and    Improvements.      Rudolph    Hering.      (Report    to 

the   Board  of   Public  Works  of  Nashville,    Tenn.)     (86)    Jan.    29;    (14)    Feb.    1. 
The  Relation  of  a  Pure  Water-Supply  to  Chronic  Intestinal  Tract  Infection.     Nicho- 
las  S.    Hill,    Jr.,    and   Leon   R.   Whitcomb.      (Abstract   of   paper   read   before   the 

Am.    Public   Health   Assoc.)       (13)      Jan.    30. 
Partial    Failure    of   Reservoir    Lining,    Johnson    City,    Tenn.*      D.    R.    Beeson.      (13) 

Jan.    30. 
Combined  Water  Tank  and  Pumping  Station.*      (14)      Feb.   1. 
Novel  Water-Wheel   Setting.*      (14)      Feb.   1. 

Power    Developments    on    the    Deerfleld    River,    Massachusetts.*      (14)      Serial    be- 
ginning Feb.    1. 
Les  Syphons  de   I'Aqueduc  de  New  York.     (84)     Nov. 
Service  Comparatif  Obtenu   aves  des  Tuyaux   en   Fer  Sonde  et  des  Tuyaux  en  Acier 

Doux   pour    les   Conduites    d'Eau    aux    Btats-Unis.     F.    N.    Speller.      (Abstract   of 

paper  read   before   the   Inter.   Assoc,    for  Testing   Materials.)      (93)     Jan. 
Versuche  iiber  den  Reibungswiderstand  zwischen  stromendem  Wasser  und  Bettsohle.* 

H.  Engels.     (40)     Dec.   18. 
Die    Kutter'scheu     Rauhigkeitsziffern    in    der    Chezy'schen    Formel.      Th.     Riimelin. 

(107)     Dec.  21. 
Der   Ausbau    von    Wasserkraften    Im   oberen    Quellgebiet   der    Weser.*      (40)     Serial 

beginning   Jan.   4. 
Die   Aluniinium-W(  rke   Vigeland   bei   Vennesla   in    Norwegen.*     G.    Wiithrich.     (107) 

Serial    beginning   Jan.   4. 
Neuere  Ozonwasserwerke.*    Gg.    Brlwein.     (7)     Jan.   11. 
Einiges  iiber  Grundwasserbeobachtungen.*    Paul   Berkenkamp.     (50)     Jan.    16. 
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Waterways. 

Koiiiforced-Concrcte     Sen-Defences. •      John     Switzer     Owous     and     Frederick     JaraeB 

Wood.     (63)     Vol.    18^. 
The   Shalhnv   Dr.uisht  Steamer  Comte  De  Flandre*      (12)    Dec.   27. 
Mining  on   the   Panama  Canal.*     C.    R.    Forbes.     (103)     Dec.    28. 
Lighthouses   and   Buoy.s  of   New   York   Harbor,*     James   Patti.son.     (95)     Jan. 
What    Constitutes    a    Steamship    Terminal.     H.    McL.    Harding.     (Abstract    of    paper 

read   before  the  National   Rivers  and   Harbors   Congress.)      (95)     Jan. 
Pile  Drivers  Used  on  the  Panama  Canal.*     (87)     Jan. 
Portland.    Oregon  .    Its    Channel    Approach.    Harbor    Railroad    Facilities,    Navigable 

Waterways  and  Tributary  Territory.    G.   B.   Hegardt,  M.   Am.   Soc.  C.   B.     (Paper 

read  before  the  Oregon  Soc.  of  Engrs.)  (1)  Jan. 
.Mobile  Harbor,  Alabama.*  C.  O.  Sherrill.  (100)  Jan. 
Methods    and    Cost   of    Damming    the    Hymelia    Crevasse    in    the    Mississippi    River.* 

(100)     Jan. 
Unit    Costs    of    Construction    on    the    Panama    Canal    for    the    Fiscal    Year    Ending 

June  30,   1912.     (86)     Jan.    1. 
.Methods   and    Costs   of    Constructing   a    Combination    Corrugated    Pipe    and    Concrete 

Culvert,    with    Some    Data    on    Corrugated    Pipe    Culverts    with    Concrete    End 

Walls.*     John    N.    Edy.     (86)     Jan.    1. 
A  New  Design  of  Centrifugal   Dredging  Pump.*     H.   S.    New.     (13)     Jan.   2. 
Reinforced-Concrete  Ore  Docks.*      (13)      Jan.   2. 
Bin   Door  for  Ore   Pocket'^.*      R.   B.   Pearson.      (13)      Jan.   2. 
Steel  Ore  Dock;   D.  &  I.  R.  R.  R.*     (13)     Jan.  2. 

Reservoir  Regulation   for  the  Ottawa  River.      Emile   Low.      (13)      Jan.    2. 
Controlling    the    Mississippi    River.      C.    McD.    Townsend.       (Paper    read    before    the 

Interstate  Levee  Congress).      (19)      Jan.   4. 
Some  Statistics  of  Performance  of  Stone  Crushers,  Cableways,   Cranes  and  Concrete 

Mixers  at  Panama.      (86)      Jan.  8. 
Proposed    Plans    for    Waterfront    and    Harbor    Development    at    Toronto,    Canada.* 

E.  L.  Cousins.      (86)   Jan.  8. 
The    Improvement   of   Vancouver    Harbor.*      R.    H.    Parkinson.       (Prom    British    Co- 
lumbia Maoazine.)       (96)      Jan.  9. 
The  Cape  Cod  Canal.*      (13)      Jan.  9. 
Large    Eleitrically    Operated    Dragline    Excavators    for    the    Calumet    Sag    Canal.* 

(86)    Jan.   22. 
Rehabilitation  of  the  Illinois  &  Michigan  Canal.     (14)     Jan.  25. 
Grouting  a  Bank   Revetment  with   Molten   Slag.*      (13)    Jan.   30. 
I'he   Flood    of   January    9,    1913,    at   Pittsburgh,    Penn.*      Kenneth    C.    Grant.      (13) 

Jan.  30. 
Redressement    de    I'Escaut    en    aval    d'Anvers,    le    Deuxieme    Principe.*       C.-J.    Van 

Mierlo.      (31)      Pt.  3,   1912. 
Note  sur   les  Travaux   d'Amelioration   des   Ports   le   Havre,   Rouen,   Brest,    Nantes   et 

Bordeaux.*     F.  Zanen,  L.  Descans  et  J.  Rimbaut.     (30)     Dec. 
Observations  sur  les  Depots  de  Graviers  dans  les  Canaux  et  les  Cours  d'Eau.*     Hoc. 

(.35)    Serial  beginning  Jan.  4. 
Lampes  a  Petrole  a  Incandescence,  a  Grand  Eclat  du  Service  des  Phares  des  Pays- 

Bas.*     E.   Lemaire.      (.33)      Jan.   11. 
Offene    Pfahldiimme    und    Ufersicherungen    aus    Eisenbeton    an    Missouri    and   Missis- 
sippi.*     M.  von   Pagenhardt.     (48)     Dec.   14. 
Der  Burapestcr  Ringkanal.*      (40)    Dec.  21. 
Schutz   der   Bauwerke  an   den   Schiffahrkanalen    gegen    Bodensenkungen    in    Bergbau- 

gebieten.*      Unger.      (40)      Jan.    11. 


•Illustrated. 
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I'.v  \V.  G.  STi:\\ARD,t  Esq.,  and  J.  S.  Longwell,:};  Jun.  Am.  Soc.  C.  E. 


The  experiments  discussed  in  this  paper  were  made  by  the  writers 
at  the  experiment  station  of  the  Boise  Project  of  the  United  States 
Reclamation  Service  during  1911  in  connection  with  djaty  of  water 
investigations  for  the  project.  The  project  experiment  station  is 
on  the  main  canal  of  the  Boise  Project,  near  Boise  River,  at  a  point 
about  8  miles  above  Boise,  Idaho,  and  was  built  in  the  fall  of  1910. 

The  water  used  for  this  station  is  diverted  into  a  forebay  from  the 
main  canal  by  a  double  turn-out  consisting  of  two  18-in.  concrete 
pipes,  each  controlled  separately  by  ga.tes  on  the  bank  of  the  main 
canal,  as  shown  by  Fig.  1.  The  forebay  or  weir  pool  is  30  ft.  square 
on  the  bottom,  4  ft.  deep,  and  has  side  slopes  of  IJ  to  1.  The  bottom 
of  this  bay  is  12  ft.  below  the  bottom  of  the  main  canal.  An  adjustable 
baffle-board  divides  the  forebay  into  two  parts.  The  sides  of  the 
pool  above  the  baffle  are  rip-rapped  with  large  stones  in  order  to  pre- 
vent the  water  from  washing  the  banks  as  it  issues  from  the  turn-out. 
Below  the  baffle  the  water  is  quiet,  and  no  rip-rap  is  needed. 

•This   paper  will   not  be  presented   at  any   meetingr,   but   written   rnmmunications 
on  the  subject  are   invited   for  publication  with   it   in   Transactioyia. 
t  Asst.  Kngr.,  U.  S.  Reclamation  Service,  Boise  Project,  Boise,  Idaho. 
t  Junior  Engr.,  U.  S.  Reclamation  Service,  Boise  Project,  Boise,  Idaho, 
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A  canal  liaviiig  a  bottom  width  of  8  ft.  carries  the  water  about 
318  ft.  from  this  forebay  to  the  upper  end  of  a  timber  flume,  8  ft.  wide 
and  3  ft.  deep.  This  flume  section  extends  for  12  ft.  and  then  divides 
into  two  sections  of  equal  width  at  right  angles  with  each  other 
and  located  so  that  the  center  line  of  each  makes  an  angle  of  45°  with 
the  center  line  of  the  main  flume.  The  left  branch  leads  to  a  concrete 
measuring  tank;  the  right  branch  leads  to  Boise  River,  and  acts  as 
a  wasteway.  A  set  of  gates  in  each  branch  controls  the  flow  of 
water,  diverting  it  into  the  tank  or  into  the  river,  as  may  be  desired. 
There  are  two  gates  in  each  set,  a  large  one  hinged  to  a  vertical 
post  set  just  enough  off  center  to  cause  the  water  pressure  to  keep 
it  closed,  and  a  small  water-tight  one  hinged  to  the  floor  and  held 
in  a  vertical  position  by  a  hinged  brace  fastened  to  one  of  the  cross- 
pieces  on  top  of  the  flume.  A  water-proof  canvas  is  nailed  to  the  sides 
and  floor  of  the  flume  and  to  this  gate,  with  enough  extra  material  in 
the  ends,  so  that  the  gate  can  be  operated  without  difiiculty.  The 
large  gate  serves  to  stop  most  of  the  flow,  thus  making  it  easier  to 
operate  the  small  one.  The  closing  of  one  set  of  gates  requires  from 
1  to  2  sec.  There  was  no  difficulty  in  operating  the  gates,  and  they 
proved  very  satisfactory   and   efficient. 

This  gate  heading  was  caulked  and  coated  with  a  tar  preparation, 
and  no  leakage  could  be  detected,  either  through  the  flume  or  the 
gates.  The  upper  portion  of  the  flume,  l)etween  the  gates  and  the  weir, 
acted  as  a  storage  basin  for  the  water  between  the  time  of  closing 
one  set  and  the  opening  of  the  other.  The  weir  was  set  high  enough 
above  the  flume  floor  so  that  the  water  which  backed  up  between  the 
shutting  and  opening  of  the  gates  did  not  cause  any  submergence  on 
the  weirs.  In  the  case  where  the  weirs  were  set  at  the  upper  heading, 
the  flume  and  canal  acted  as  the  storage  basin,  and  no  effect  on  the 
weir  discharge  resulted. 

In  obtaining  the  intervals  for  the  various  runs,  the  time  Avas 
recorded  at  the  closing  of  the  gates  in  the  wasteway  at  the  beginning 
of  the  run  and  the  closing  of  the  opposite  set  at  the  end  of  the  experi- 
ment. Thu.s  the  only  possible  error  that  might  enter  into  the  results 
would  be  the  difference  in  times  required  for  closing,  which  at  the 
most  was   about  ^   sec. 

The   concrete  measuring   tank    is   set    into    the   ground   7   ft.      The 
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Movable  pieces  fastened 
by  metal  tie-plate  c'x  6" 
No.  16  Gauge 


bottom  is  51.95  ft.  square,  and  the  side  slopes  are  on  a  batter  of  1 
to  1.  The  walls  and  the  floor  are  6  in.  thick,  and  have  a  ^-in.  finish- 
ing coat  which  is  troweled  very  smoothly.  The  walls  are  in  perfect 
alignment,  and  present  no  uneven  surfaces  of  any  sort.  To  facilitate 
measurements,  the  lower  part  of  the  tank  is  divided  into  three  com- 
partments by  6-in.  walls,  3  ft.  high.  These  are  connected  by  gates 
which  are  operated  from  a  walk  above  the  tank.  The  discharge  from 
the  tank  into  the  river  is  2" 
made    through    two    18-in.    ^  ^"  ^' 

pipes  which  are  controlled 
by  gates  set  in  the  tank 
wall.  The  tank  was  cali- 
brated accurately  by  meas- 
urements, and  had  a  capac- 
ity of  24  000  cu.  ft.  A 
number  of  tests  were  made 
for  leakage  from  the  tank, 
but  no  appreciable  quantity 
could  be   detected. 

A  weir  heading  was  con- 
structed at  the  head  of  the 
flume  and  was  used  for  the 
G-in.  and  1-ft.  weirs.  A 
second  weir  heading  was  set 
at  the  point  where  the 
canal  takes  out  of  the  fore- 
bay.  This  heading  was  used 
for  the  2-ft.  and  3-ft.  weirs, 
and  was  of  such  a  size  as  to 
permit  a  6-ft.  weir  to  be  set 
on  it.  Both  these  headings 
were  caulked  with  oakum 
and  tarred,  so  that  no  leakage  whatever  occurred. 

Hook-gauges  were  set   above   each  weir  heading 
in  the  measuring  tank. 

In  the  case  of  the  upper  heading  at  the  forebay,  a  stilling-box, 
1  ft.  square,  was  set  back  into  the  bank,  with  a  |-in.  pipe  leading  out 
into  the  forebay  about   15  ft.   above  the  weir.     The  hook-gauge  was 
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attached  to  the  inside  of  the  stilling-box,  and  the  head  on  the  weirs 
was  observed  above  tlie  effect  of  the  velocity  of  approach. 

Tlie  stilling-box  for  the  lower  weir  at  the  flume  heading  was  of 
the  same  size  as  above;  it  was  set  back  in  the  bank  of  the  canal, 
10  ft.  above  the  weir,  and  was  connected  with  the  canal  by  a  £-in. 
pipe.     The  hook-gauge  was  set  in  the  manner  just  described. 

The  hook-gauge  used  in  the  measuring  tank  was  placed  in  a  stilling- 
box,  1  ft.  square,  fastened  to  one  of  the  division  wall  buttresses  in 
Compartment  No.  1  and  operated  from  the  plank  walk. 

These  hook-gauges.  Fig.  2,  consisted  of  a  1  by  2-in.  strip  with 
a  hook  fastened  to  the  lower  end,  sliding  between  two  similar  1  by 
2-in.  strips.  A  length  of  steel  tape,  reading  to  hundredths  of  a  foot, 
was  tacked  on  this  sliding  strip.  A  vernier  was  screwed  on  a  small 
bluck,  and  the  block  was  then  nailed  to  one  of  the  strips  so  that 
the  vernier  edge  almost  touched  tlie  steel  tape  on  the  sliding  strip. 
This  enabled  the  observer  to  read  accurately  to  thousandths  of  a  foot. 
In  order  to  hold  the  slide  in  place,  a  set-screw  was  attached  to  one 
ol"  the  strips,  and,  by  turning  it,  the  slide  was  forced  into  close 
contact  with  the  opposite  strip  and  held  firm.  At  a  position  on  the 
gauge  about  3  ft.  above  the  ground  or  walk  on  which  the  observer 
stuod,  the  two  nailed  strips  were  cut  away  for  a  distance  of  6  in.,  and 
in  their  place  two  strips,  considerably  shorter  than  those  removed, 
and  fastened  together  by  a  metal  plate,  were  inserted.  A  lever  was 
fastened  to  a  block  nailed  to  the  plank  holding  the  gauge  at  a  point 
opposite  the  center  of  the  opening,  and  was  also  fastened  to  the  metal 
of  the  small  double  slide  with  a  screw.  A  set-screw  was  attached 
to  the  outer  strip  of  the  double  slide.  Thus,  by  turning  this  set-screw 
against  the  single  slide  holding  the  steel  tape  and  forcing  it  against 
the  opposite  strip  of  the  double  slide,  the  single  slide  could  be  moved 
up  and  down  by  the  lever,  the  hook  could  be  brought  to  the  proper 
position,  and  the  slide  was  then  clamped  by  the  first  set-screw.  The 
reading  could  then  be  taken.  This  lever  enabled  the  observer  to  set 
the  gauge  very  quickh-  and  also  very  accurately.  These  gauges  were 
made  by  the  writers,  and  served  their  purpose  very  effectively. 

The  weir  experiments  consisted  of  calibrations  of  6-in.,  1-ft.,  2-ft., 
and  3-ft.  sharp-crested  Cippoletti  and  rectangular  weirs  with  full  con- 
traction. The  experiments  on  sharp-crested  Cippoletti  and  rectangular 
weirs  were  made,  not  with  the  idea  of  obtaining  new  general  formulas 
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for  weirs,  but  for  the  purpose  of  testing  the  general  weir  formulas 
and  ascertaining  whether  they  are  applicable  to  the  weirs  on  the  Boise 
and  other  projects  of  the  KceUmiation  Service,  and,  if  necessary,  of 
preparing  rating  tables  for  tlie  weirs  tested  and  a  formula  or  table  by 
whicli  accurate  discharges  might  be  obtained  for  a  range  of  weirs  and 
heads   above  the  limits  of  previous  experiments. 

The  crests  of  all  the  weirs  were  set  about  1  ft.  above  the  canal 
bottom.  The  6-in.  and  1-ft.  weirs  were  located  in  the  center  of  the 
8-ft.  canal  at  the  flume  heading.  The  2-ft.  and  3-ft.  weirs  were  located 
at  the  head  of  the  canal,  and  took  the  water  directly  from  the  30-ft. 
forebay.  The  gauges  were  set  far  enough  above  the  weirs  to  be  free 
from  the  effect  of  velocity  of  approach.  At  the  flume  heading, 
bafiles  were  placed  in  the  canal  just  below  a  regulating  gate,  and 
planks  were  laid  on  the  water  to  do  away  with  any  surface  disturbances. 
A  very  even  and  uniform  flow  resulted,  with  no  appreciable  velocity  of 
approach  except  in  one  or  two  high  heads  on  the  1-ft.  Cippoletti 
weir.  In  the  case  of  the  weirs  used  on  the  upper  heading,  the  regula- 
tion was  obtained  with  the  gates  in  the  main  canal.  Very  little  trouble 
was  experienced  after  the  water  had  settled  in  the  pool.  The  water  in 
the  main  canal  was  from  4  to  5  ft.  in  depth  over  the  gates,  and  any 
slight  variation  in  head  did  not  affect  the  discharge  of  the  pipes 
appreciably.  The  hook-gauges  above  the  weirs  were  read  every  30  sec. 
throughout  the  length  of  runs,  which  varied  from  5  min.  to  1  hour, 
depending  on  the  head.  The  average  of  the  readings  gave  the  gauge 
height  for  each  particular  run.  The  different  compartments  of  the 
tank  were  used  as  the  discharge  increased.  For  the  low  heads  and 
smaller  weirs  Compartment  No.  1  was  used.  As  the  head  increased, 
Compartments  Nos.  1  and  2  were  used,  and,  for  the  large  heads,  the 
entire  tank  was  utilized.  No  trouble  was  experienced  in  reading  the 
gauges  to  thousandths  of  a  foot. 

Cippoletti  Weirs. — The  experiments  on  Cippoletti  weirs  are  divi- 
ded into  five  parts:  (1)  calibrations  of  the  6-in.  weir;  (2)  an  attempt 
to  determine  the  shape  of  the  6-in.  weir  to  discharge  according  to  the 
Cippoletti  formula;  (3)  calibrations  of  the  1-ft.  weir;  (4)  calibrations 
of  the  2-ft.  weir;  and   (5)  calibrations  of  the  3-ft.  weir. 

In  the  6-in.  weir,  twenty-four  runs  were  made  with  heads  ranging 
from  0.161  to  0.945  ft.  The  maximum  variation  in  gauge  height 
during  any   run  was  0.024  ft.     No   appreciable  velocity  of   approach 
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TAIU.E    1. — Rksults   of  Experiments   ox  Weirs. 
CipPOLETTi  Weirs. 
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1  017 

1.883 

3.520 

13 

0.693 

0.002 

12 

600 

1  222 

2.037 

3.530 

14 

0.815 

0.004 

12 

600 

1  587 

2.645 

3.595 

15 

0.927 

0.004 

12 

COO 

1  958 

3.263 

3.656 

1(5 

0.992 

0.003 

12 

600 

2  189 

3.648 

3.692 

17 

1.097 

0.003 

12 

600 

2  .591 

4.318 

3.758 

18 

1.219 

0.003 

12 

600 

3  097 

5.162 

3.835 

19 

1.320 

0.003 

12 

480 

2  849 

5.935 

3.913 

20 

1.386 

0.002 

12 

360 

2  3.33 

6.481 

3.971 

21 
22 
28 

1.476 

0.004 

13 

360 

2  604 

7.2;« 

4.034 

i;528 

OM] 

12 

360 

2 '771 

7;  697 

4!  076 

24 

1.604 

0.000 

12 

360 

3  014 

8.372 

4.121 

25 

1.721 

0.008 

12 

300 

2  836 

9.453 

4.186 

26 

1.853 

0.008 

12 

300 

3  227 

10.757 

4.265 

27 

1.897 

0.002 

12 

270 

3  042 

11.267 

4.312 

28 

1.978 

0.009 

12 

240 

2  915 

12.145 

4.3(56 

n 

1 

0.066 

0.003 

24 

1  200 

146 

0.122 

3.588 

2 

0.186 

0.002 

24 

1  300 

662 

0.553 

3.441 

3 

0.317 

0.000 

24 

600 

727 

1.313   - 

3.393 

4 

0.318 

0.002 

24 

600 

727 

1.313 

3.380 

5 

0.430 

0.002 

24 

600 

1  146 

1.910 

3.386 

6 

0.4S8 

0.003 

24 

600 

1  172 

1.953 

3.368 

7 

0.526 

0.001 

24 

600 

1  550 

2.583 

3.385 

8 

0.534 

0.001 

24 

600 

1  541 

2.568 

3.885 

9 

0.601 

0.003 

24 

600 

1  890 

3.150 

3.380 
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d 

d 

Average 

Variation 

Length 

Time 

Act  ual 

Discharge, 

C  in 

(A 

1 

a 

gauge 
height. 

in  gauge 
height. 

of  weir,  in 
inches. 

interval,  in 
seconds. 

discharge. 

in  second- 
feet. 

formula 

8 

10 

h 
0.594 

0.004 

I 
24 

600 

1  859 

3.098 

3.384 

11 

0.588 

0.001 

24 

600 

1  824 

3.040 

3.371 

13 

0.668 

0.003 

24 

600 

2  235 

3.725 

3.411 

13 

0.679 

0.003 

24 

600 

2  286 

3.810 

3.197 

14 

0.853 

0.004 

24 

600 

3  257 

5.428 

3.445 

15 

0.854 

0.004 

24 

600 

3  266 

5.443 

3.448 

16 

1.086 

0.005 

24 

420 

3  227 

7.921 

3.499 

17 

1.090 

0.003 

24 

420 

3  359 

7.998 

3.514 

18 

1.238 

0.008 

24 

330 

3  234 

9.800 

3.557 

19 

1.484 

0.011 

24 

600 

7  871 

13.118 

3.628 

20 

1.101 

0.016 

24 

600 

4  W4 

8.073 

3.494 

21 

1.425 

0.010 

24 

600 

7  350 

12.250 

3.601 

22 

1.537 

0.006 

24 

600 

8  247 

13-745 

3.607 

23 

1.598 

0.007 

24 

630 

9  391 

14.906 

3.689 

24 

1.816 

0.017 

24 

540 

9  822 

18.189 

3.719 

25 

1.852 

0.016 

24 

480 

9  004 

18.758 

3.722 

26 

1.987 

0.010 

24 

660 

13  981 

21.092 

3.737 

27 

0.406 

0.004 

21 

630 

1  108 

1.727 

3.338 

28 

0.290 

0.003 

24 

900 

949 

1.054 

3.374 

29 

0.178 

0.001 

24 

900 

461 

0.512 

3.409 

30 

0.154 

0.003 

24 

1  200 

502 

0.418 

3.455 

31 

0.092 

0.002 

24 

1  800 

347 

0.193 

3.459 

32 

0.059 

0.002 

24 

1  800 

201 

0.112 

3.889 

33 

0.034 

0.001 

24 

3  660 

173 

0.047 

3.730 

11 

1 

0.172 

0.002 

36 

1  200 

883 

0.736 

3.436 

2 

0.170 

0.002 

36 

1  200 

867 

0.722 

3.433 

3 

0.082 

0.004 

36 

3  600 

909 

0.252 

3.574 

4 

0.236 

0.002 

36 

900 

1  068 

1.187 

3.450 

5 

0.302 

0.000 

36 

600 

1  025 

1.708 

3.430 

6 

0.609 

0.004 

36 

600 

2  920 

4.867 

3.414 

7 

0.500 

0.001 

36 

600 

2  164 

3.607 

3.400 

8 

0.460 

0.006 

36 

480 

1  521 

3.169 

3.386 

9 

0.297 

0.002 

36 

600 

989 

1.648 

3.393 

10 

0.130 

0.002 

36 

900 

438 

0.487 

3.461 

11 

0.090 

0.001 

36 

1  260 

354 

0.281 

3.469 

12 

0.216 

0.001 

36 

900 

924 

1.027 

3.410 

13 

0.414 

0.002 

36 

600 

1  793 

2.988 

3.366 

14 

0.598 

0.003 

36 

600 

2  8.31 

4.718 

3.400 

15 

0.844 

0.005 

36 

600 

4  764 

7.940 

3.413 

16 

0.991 

0.003 

36 

600 

6  146 

10.243 

3.445 

17 

1.167 

0.005 

36 

000 

7  796 

12.993 

3.435 

18 

1.410 

0.007 

36 

360 

6  262 

17.394 

3.463 

19 

0.396 

0.002 

36 

600 

1  506 

2.510 

3.357 

20 

1.470 

0.005 

36 

420 

7  836 

18.657 

3.489 

21 
22 
23 

1.923 

0.006 

36 

300 

8  404 

28.013 

3.502 

2;4i5 

6!  009 

36 

300 

12'4i6 

41 ! 387 

3!  676 

24 

2.246 

0.008 

36 

240 

8  560 

35.667 

3.532 

25 

2.065 

0.008 

36 

300 

9  418 

31.393 

3.526 

existed  during  this  experiment,  and  the  end  contractions  and  the  shape 
of  the  nappe  were  not  disturbed  in  any  manner.  Compartment  No.  1 
of  the  measuring  tank  was  used  entirely  during  the  calibrations  of 
this  weir. 

Plate  XXIII  shows  the  gauge  height  and  discharge  curve  and 
Table  2  gives  the  actual  discharge  for  each  y^^  ft.  of  gauge  height. 
Plate   XXV  is   a  logarithmic  discharge  curve  from  which  it  will  be 
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seen  that  three  distinct  parabolas  exist  as  the  discharge  curve,  instead 
of  one.  This  logarithmic  curve  was  used  in  determining  the  proper 
plotting  of  the  gauge  height  discharge  curve.  The  equations  of  the 
different  parabolas  Avero  (k'Iciiiiined  as  shown  in  Table  7,  also  the 
gauge  heiglit  at  which  the  change  of  equation  takes  place,  and  the 
proportional  part  that  this  gauge  lieight  is  of  the  crest  length. 

TA13LE  2. — Gauge  IIekjut  and  Discharge  fou  (I-Incii 

ClPPOLETTI    WEIK. 


Gauge 

Cippoletti 
formula 

Actual 

Percentage 
of 

Gauge 

Cippoletti 
formula 

Actual 

Percentage 

of 
difference. 

lieight. 

discharge. 

dischaige. 

difference. 

height. 

discharge. 

discharge. 

0.00 

0.00 

0.51 

0.691 

0.01 

0.002 

0.52 

0.713 

0.02 

0.005 

0.53 

0.735 

0.03 

0.009 

0.54 

0.758 

0.04 

0.013 

0..55 

0.781 

0.05 

(1.019 

0.019 

0.56 

0.805 

0.00 

0.025c 

0.57 

0.830 

o.or 

0.031 

0..58 

0.855 

0.08 

0.038 

0.59 

0.880 

0.09 

0.045 

0.60 

0.782 

0.906 

15.86 

0.10 

0.053 

0.053 

0.61 

0.932 

0.11 

0.061 

0.62 

0.959 

0.12 

0.070 

0.63 

0.987 

0,13 

0.079 

0.64 

1.015 

0.14 

0.088 

0.65 

1.043 

0.15 

0.098 

0.66 

1.071 

0.16 

0.108 

0.67 

1.099 

0.17 

0.118 

0.68 

1.128 

0.18 

0.129 

0.69 

1.157 

0.19 

0.139 

0.70 

0.986 

1.186 

20.28 

0.30 

0.1.51 

0.151 

0.71 

1.215 

0.21 

0.162 

0.72    ( 

1.245 

0.22 

0.174 

0.73 

1.275 

0.23 

0.186 

0.74 

1.305 

0.24 

0.200 

0.75 

1.336 

0.25 

0.214 

1.90 

0.76 

1.367 

0.26 

0.22H 

0.77 

1.39»< 

0.27 

0.243 

0.78 

1.439 

0.28 

0.258 

0.79 

1.460 

0.29 

0.273 

0.80 

1.205 

1.492 

23.82 

0.30 

0.277 

0.288 

3.97 

0.81 

1.524 

0.31 

0.304 

0.82 

1.5.57 

0.32 

0.320 

0.83 

1..590 

0.33 

0.337 

0.84 

1.623 

0.34 

0.354 

0.85 

1.657 

0..35 

0.371 

0.86 

1.691 

0.3(i 

0.389 

0.87 

1.726 

0..S7 

0.407 

0.88 

1.761 

0.38 

0.425 

0.89 

1.796 

0.39 

0.444 

0.90 

1.437 

1.832 

27.49 

0.40 

0.426 

0.463 

8.69 

0.91 

1.868 

0.41 

0.482 

0.92 

1.904 

0.42 

0..502 

0.93 

1.940 

0.43 

0.522 

0.94 

1.976 

0.44 

0.,542 

0.95 

2.013 

0.45 

n..50S 

0.563 

0.96 

2.048 

0.46 

0..584 

0.97 

2.084 

0.47 

0.605 

0.98 

2.120 

0.48 

0.626 

0.99 

2.157 

0.49 

0.647 

1.00 

1.683 

2.194 

30.36 

0.50 

0.595 

0.669 

12.45 
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A  number  of  runs  were  made  to  determine  the  shape  of  a  weir 
that  would  discharge  according  to  the  Cippoletti  formula.  Plates  were 
screwed  on  the  face  of  a  6-in.  Cippoletti  weir,  and  a  general  shape 
was  determined.  The  shape  obtained.  Fig.  3,  was  a  series  of  reverse 
curves  or  waves,  and  seems  to  be  of  no  practical  value. 

The  1-ft.  Cippoletti  weir  was  placed  on  the  flumo  heading,  and  the 
flow  was  regulated  by  special  gates.  The  gauge  heights  on  this  weir 
ranged  from  0.138  to  1.978  ft., 
with  a  maximum  variation  of 
gauge  height  of  0.019  ft.  for  any 
run.  No  corrections  were  made 
for  velocity  of  approach,  as  the 
maximum  correction  was  only 
0.002  ft.  for  the  highest  head  of 
1.978  ft.  over  the  weir.  The  effect 
on  the  lower  heads  was  not  appre- 
ciable. In  all  cases  there  was 
full  contraction  and  a  free  nappe. 
A  gauge  height  discharge  curve, 
also  shown  on  Plate  XXIII,  was 
plotted  with  the  assistance  of  a 
logarithmic  curve,  as  described 
for  the  6-in.  weir.  Table  3  gives 
the  discharge  for  each  xuo  ^t.  of 
gauge  height.  Compartment  No. 
1  in  the  tank  was  used  for  the 
lower  heads,  and  Nos.  1  and  2  for 
the  higher  ones. 

The  2-ft.  and  3-ft.  Cippoletti  weirs  were  set  at  the  head  of  the 
canal,  taking  the  water  from  the  •30-ft.  forebay.  No  velocity  of  ap- 
proach existed,  as  the  gauge  was  set  to  give  the  elevation  of  the  water 
in  the  forebay  above  the  effect  of  the  weirs.  For  the  2-ft.  weirs,  the 
heads  ranged  from  O.034  to  1.987  ft.,  with  a  maximum  variation  of 
head  of  0.017  ft.  for  any  run.  For  the  3-ft.  weir,  the  heads  varied 
from  0.082  to  2.415  ft.  The  greatest  variation  of  head  was  0.009  ft. 
The  contraction  in  both  weirs  was  entirely  full,  and  the  nappes  were 
perfectly  free  from  any  disturbances.  Compartment  No.  1  of  the 
measuring  tank  was  used  for  the  low  heads,  Nos.  1  and  2  for  interme- 


Shiipe  of  weiv  crest  developed 
giving  a  discharge  almost 
identical  with  the  6  Cippoletti 
formula 


Fig.  3. 
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IWIUiK    .'). — GAUGK    IlKKiHT    AND    DlSCII  AU<;  K    FOR    1-FOOT 

,      CirpoLETTi  Weir. 


Cippoletti 
fornuilii 
(liscliiirge. 

Actual 
disuharse. 

Percentage 

of 
difference. 

Oauge 
heiRht. 

Cippoletti 

fornuila 

discharge. 

Actual 
discharge. 

Percentage 

of 
ditTerence. 

0.00 

0.000 

O.IKIO 

0.60 

1.871 

0.01 

0.(K)3 

0.67 

1.919 

0.02 

0.010 

0.68 

1.968 

0.03 

0.018 

0.69 

2.017 

().(M 

0.027 

0.70 

1 .972 

2.066 

4.77 

0.05 

0.03S 

0.03S 

0.71 

2.115 

0.(.HJ 

0.0.50 

0.72 

2.164 

0.07 

0.062 

o.t:^ 

2.213 

O.OH 

0.076 

0.74 

2.262 

0.09 

0.091 

0.75 

2.312 

0.10 

O.KVr 

0.107 

0.76 

2.362 

0.11 

0.123 

0.77 

2.412 

0.12 

0.140 

0.78 

2.462 

0.13 

0.158 

0.79 

2.. 51 3 

0.14 

0.176 

0.80 

2.409 

2.565 

6.48 

0.15 

0.196 

0.81 

2.618 

0.16 

0.216 

0.82 

2.671 

o.ir 

0.236 

0.83 

2.724 

0.1« 

0.257 

0.84 

2.777 

0.19 

0.279 

0.85 

2.830 

0.20 

0.301 

0.301 

0.86 

2.884 

0.21 

0.324 

0.87 

8.939 

0.22 

0.347 

0.88 

2.994 

0.23 

0.371 

0.89 

3.049 

0.24 

0.396 

0.90 

2.875 

3.105 

8.00 

0.25 

0.421 

0.91 

3.161 

0.20 

0.446 

0.93 

3.217 

0.27 

0.472 

0.93 

3.274 

0.28 

0.499 

0.94 

3.331 

0.29 

0..526 

0.95 

3.389 

0.30 

0.553 

0..553 

0.96 

3.447 

0.31 

0.581 

0.97 

3.506 

0.32 

0.609 

0.98 

^ 

3.565 

0.33 

0.638 

0.99 

3.625 

0.34 

0.667 

1.00 

3.367 

3.686 

9.47 

0.35 

0.697 

1.01 

3.747 

0.36 

0.727 

1.02 

3.809 

0.37 

0.758 

1.03 

3.872 

0.38 

0.789 

1.04 

3.935 

0.39 

0.820 

1.05 

3.999 

0.40 

0.8.52 

0.852 

1.06 

4.063 

0.41 

0.884 

1.07 

4.127 

0.42 

0.916 

1.08 

4.192 

0.43 

0.949 

1.09 

4.258 

0.44 

0.983 

1.10 

3.884 

4.325 

11.35 

0.45 

1.016 

1.11 

4.393 

0.46 

1.050 

1.12 

4.461 

0.47 

1.085 

1.13 

4.530 

0.48 

3.122 

1.14 

4.600 

0.49 

1.161 

1.15 

4.670 

0.50 

1.190 

1.200 

0.84 

1.16 

4.V40 

0.51 

1.239 

1.17 

4.811 

0.52 

1.278 

1.18 

4.883 

0.53 

1.317 

1.19 

4.955 

0.54 

1.356 

1.20 

4.426 

5.027 

13.58 

0.55 

1.396 

1.21 

5.100 

0.56 

1.437 

1.22 

5.173 

0.57 

1.478 

1.2:1 

5.247 

0.58 

1.519 

1.24 

5.321 

0.59 

1.561 

1.25 

5.395 

0.60 

1.565 

1.603 

2.43 

1.26 

5.470 

0.61 

1.646 

1.27 

5.547 

0.62 

1.689 

1.28 

5.624 

0.63 

1.7.32 

1.29 

5.702 

0.64 

1.778 

1.30 

4.990 

5.781 

15.85 

0.65 

1.824 

1.31 

5.861 
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TABLE  3.—iContinu.ed.) 


Gauge 
height. 

Cippoletti 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

Gauge 
height. 

Cippoletti 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

1.32 

5,941 

1.67 

8.994 

1.33 

6.021 

1.68 

9.088 

1.34 

6.103 

1.69 

9.182 

1.35 

6.183 

1.70 

7.462 

9.276 

24.31 

1.36 

6.285 

1.71 

9.370 

1.37 

6.347 

1.72 

9.464 

1.38 

6.429 

1.73 

9.5.58 

1.39 

6.512 

1.74 

9.652 

1 .  40 

.'i.577 

6.595 

18.25 

1.75 

9.746 

1.41 

6.678 

1.76 

9.841 

1.42 

6.762 

1.77 

9.937 

1.43 

6.846 

1.78 

10.034 

1.44 

6.930 

1.79 

10.131 

1.45 

7.015 

1.80 

8,130 

10.229 

25.82 

1.46 

7.101 

1.81 

10.327 

1.47 

7.187 

1.82 

10.425 

1.48 

7.274 

1.83 

10.523 

1.49 

7.362 

1.84 

10.624 

1.50 

6.185 

7.450 

20.45 

1.65 

10.728 

l.ol 

7.538 

1.86 

10,833 

1.52 

7.626 

1.87 

10.938 

1.53 

7.714 

1.88 

11.014 

1.54 

7.802 

1.89 

11.150 

1.55 

7.890 

1.90 

8.817 

11.256 

27.66 

1.56 

7.979 

1.91 

11.363 

1.57 

8.069 

1.92 

11.470 

1.5S 

8.160 

1.93 

11.577 

1.59 

8.2.51 

1.94 

11.684 

1.60 

6.814 

8.343 

22.44 

1.95 

11.791 

1.61 

8.485 

1.96 

11.900 

1.62 

8.527 

1.97 

12.010 

1.63 

8.620 

1.98 

12.120 

1.64 

8.713 

1.99 

12.232 

1.65 

8.h06 

2.00 

9.522 

12.345 

29.65 

1.66 

8.900 

dlate  heads,  and  the  entire  tank  for  the  high  heads.  The  discharge 
curves  are  shown  on  Plates  XXIV  and  XXV,  and  Tables  4  and  5 
give  the  details. 

Plates  XXIII  and  XXIV  show  the  discharge  curves  for  the  actual 
discharge  of  the  Cippoletti  weirs  and  the  theoretical  discharge  by  the 
Cippoletti  formula.  It  is  observed  that  in  every  case  the  actual  dis- 
cliarge  curve  follows  the  Cippoletti  curve  to  a  gauge  height  of  approxi- 
mately one-third  of  the  length  of  the  crest.  After  this  point,  the  actual 
discharges  for  the  gauge  height  become  larger  than  indicated  by  the 
formula.  Tallies  2  to  5  give  the  actual  discharge  for  each  -j-^^  ft.  of 
gauge  height,  the  formula  discharge  for  each  ^^  ft.  of  .gauge  height, 
and  the  percentage  that  the  actual  discharge  is  in  excess  of  the  formula 
discharge  for  each  ^^  ft.  of  gauge  height.  At  a  gauge  height  of  1  ft. 
on  a  6-in.  weir,  the  diiference  is  30.36%,  at  2  ft.  on  a  1-ft.  weir  it  is 
29.65%,   showing  that   at   a   gauge  height   equal   to   twice  the  length 
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height. 

Cippoletti 

tonnula 

discharge. 

Actual 
discharge. 

] 
Percentage 

of 
difference. 

Gauge 
height. 

Cippoletti 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

0.00 

0.000 

0.66 

3.635 

0.01 

0.01 

0.67 

3.725 

O.02 

0.02 

i 

0.68 

3.810 

0.03 

0.04 

0.69 

3.895 

0.04 

0.05 

0.70 

3.94 

3.98 

1.02 

0.05 

0.08 

0.08 

0.71 

4.06 

O.Oti 

0.10 

0.73 

4.15 

0.07 

0.13 

0.73 

4.24 

0.08 

0.15 

0.74 

4.33 

0.09 

0.18 

0.75 

4.415 

0.10 

0.21 

0.31 

0.76 

4.51 

0.11 

0.35 

0.77 

4.60 

0.13 

0.38 

0.78 

4.69 

0.13 

0.32 

0.79 

4.78 

0.14 

0.35 

0.80 

4.82 

4.87 

1.04 

0.15 

0.39 

0.81 

4.96 

0.16 

0.43 

0.82 

5.05 

0.17 

0.47 

0.83 

5.14 

0.18 

0.51 

0.84 

5.24 

0.19 

0.5S 

0.85 

5.34 

0.30 

0.60 

0.60 

0.86 

5.44 

0.21 

0.65 

0.87 

5.54 

0.23 

0.69 

0.88 

5.64 

0.23 

0.74 

0.89 

5.74 

0.34 

0.79 

0.90 

5.75 

5.84 

1.57 

0.25 

0.84 

0.91 

5.94 

0.36 

0.89 

0.93 

6.04 

0.27 

0.94 

0.93 

6.14 

0.38 

1.00 

0.94 

6.25 

0.29 

1.05 

0.95 

6.36 

0.30 

1.11 

1.11 

0.96 

6.47 

0.31 

1.16 

0.97 

6.68 

0.32 

1.22 

0.98 

6.69 

0.33 

1.38 

0.99 

6.80 

0.34 

1.83 

1.00 

6.73 

6.91 

2.67 

0.35 

1.39 

l.Ol 

7.02 

0.36 

1.45 

1.02 

7.13 

0.3T 

1.53 

1.03 

7.24 

0.38 

1.58 

1.04 

7.35 

0..39 

1.64 

1.05 

7.47 

0.40 

1.70 

1.70 

1.06 

7.59 

0.41 

1.77 

1.07 

7.71 

0.42 

1.83 

1.08 

7.83 

0.43 

1.90 

1.09 

7.95 

0.44 

1.97 

1.10 

7.77 

8.07 

3.86 

0.45 

2.03 

2.03 

1.11 

8.19 

0.46 

2.10 

1.13 

8.31 

0.47 

2.17 

1.13 

8.43 

0.4S 

1        2.24 

1.14 

8.55 

0.49 

2.31 

1.15 

8.67 

0.50 

2.38 

2.38 

1.16 

8.79 

0..51 

2.45 

1.17 

8.91 

0.52 

2.53 

1.18 

9.03 

0.53 

2.605 

1.19 

9.15 

0..>1 

2.68 

1.30 

6.85 

9.28 

4.86 

0.55 

2.75 

2.755 

0.18 

1.21 

9.40 

0.56 

2.83 

1.22 

9.52 

0.57 

2.905 

1.23 

9.65 

0.5H 

2.98 

1.24 

9.78 

0.59 

3.06 

1.35 

9.91 

0.60 

3.13 

3.14 

0.33 

1.36     1 

10.04 

0.61 

3.22 

1.27 

10.17 

0.63 

3.30 

1.38 

10.30 

0.63 

3.38 

1.29 

10.43 

0.64 

3.465 

1.30 

9.98 

10.56 

5.81 

0.65 

8.55 

1.31 

10.69 
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TABLE  4:.— (Continued.) 


Gauge 
height. 

Clppoletti 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

Gauge 
height. 

Cippoletti 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

1.32 

10.82 

1.67 

15.86 

1.33 

10.95 

1.68 

16.02 

1.34 

11.08 

1.69 

16.18 

1.35 

11.21 

1.70 

14.92 

16.34 

9.52 

1.36 

11.35 

1.71 

16.50 

1.37 

11.49 

1.72 

16.66 

1.38 

11.63 

1.73 

16.82 

1.39 

11.77 

1.74 

16.98 

1.40 

11.15 

11.91 

6.82 

1.75 

17.14 

1.41 

12.05 

1.76 

17.30 

1.42 

12.19 

1.77 

17.46 

1.43 

12.33 

1.78 

17.62 

1.44 

12.47 

1.79 

17.78 

1.45 

12.61 

1.80 

16.26 

17.94 

10.33 

1.46 

12.75 

1.81 

18.10 

1.47    ' 

12.89 

1.82 

18.36 

1.48 

13.03 

1.83 

18  .-42 

1.49 

13.17 

1.84 

18.58 

1.50 

12.37 

13.31 

7.60 

1.85 

18.74 

1.51 

13.45 

1.86 

18.91 

1.52 

13.59 

1.87 

19.08 

1.53 

13.73 

1.88 

19.25 

1.54 

13.88 

1.89 

19.42 

1.55 

14.03 

1.90 

17.63 

19.59 

11.12 

1.56 

14.18 

1.91 

19.76 

1.57 

14.33 

1.92 

19.93 

1.58 

14.48 

1.93 

20.10 

1.59 

14.63 

1.94 

20.27 

1.60 

13.63 

14.78 

8.44 

1.95 

20.45 

1.61 

14.93 

1.96 

20.63 

1.62 

15.08 

1.97 

20.81 

1.63 

15.23 

1.98 

20.99 

1.64 

15.38 

1.99 

21.17 

1.65 

15. .54 

2.00 

19.04 

21.35 

12.13 

1.66 

15.70 

of  the  crest  the  actual  discharge  is  approximately  30%  in  excess  of 
the  formula  discharge.  The  gauge  heights  were  not  carried  up  to 
this  proportion  on  the  2-ft.  and  3-ft.  weirs,  but  it  will  be  observed 
that  the  percentage  of  difference  for  the  same  proportion  of  gauge 
height  to  length  of  crest  agrees  fairly  well  for  the  different  weirs. 

Plate  XXV  shows  the  logarithmic  discharge  curves  for  each 
Cippoletti  weir.  For  the  6-in.,  1-ft.,  and  2-ft.  weirs,  it  is  observed  that 
there  are  three  distinct  straight  lines  for  each  weir.  For  each  suc- 
ceeding larger  weir,  the  iioints  plot  in  less  decided  breaks,  and  for  the 
3-ft.  weir,  there  are  only  two  curves.  The  equation  of  each  of  these 
separate  divisions  was  taken,  and  the  gauge  height  at  which  the  change 
in  eciuation  takes  place  was  observed,  also  the  proportional  part  that 
eacli  of  these  gauge  heights  is  of  their  respective  lengths  of  crest. 
These  are  given  in  Table  T.  It  will  be  observed  that,  for  the  6-in. 
and  1-ft.  weirs  these  breaks  occur  at  gauge  heights  which  are  approxi- 
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TAIU.E   r>. — G.xuGi';  irKuaiT  and  ])isc;iiai{(;k   for   S-Foot 

CiPPOLETTI   WkIK. 


Gauge 
height. 

Cippoletti 

tornuila 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

Gauge 
height. 

Cippoletti 

formula 

discharge. 

A(rtual 
discharge. 

Percentage 

of 

diflference. 

0.00 

0.00 

0.66 

5.51 

0.01 

0.01 

0.67 

5.64 

0.02 

0.03 

0.(J8 

5.77 

0.0:j 

0.05 

0.69 

5.90 

0.01 

0.08 

0.70 

5.92 

6.03 

1.86 

O.0.T 

0.11 

0.12 

0.71 

6.16 

O.Oti 

0.16 

0.72 

6.29 

0.07 

0.20 

0.73 

6.42 

0.08 

0.24 

0.74 

6.55 

0.09 

0.28 

0.75 

6.56 

6.68 

0.10 

0.82 

0.33 

0.76 

6.81 

0.11 

0.38 

0.77 

6.94 

0.12 

0.43 

0.78 

7.08 

0.13 

0.48 

0.79 

7.22 

0.14 

0.53 

0.80 

7.23 

7.36 

1.80 

0.15 

0.59 

0.59 

0.81 

7.50 

0.16 

0.65 

0.82 

7.64 

0.17 

0.71 

0.83 

7.78 

0.18 

0.77 

0.84 

7.92 

0.19 

0.84 

0.85 

7.92 

8.06 

0.20 

0.90 

0.91 

0.86 

8.20 

0.21 

0.98 

0.87 

8.34 

0.22 

1.05 

0.88 

8.48 

0.23 

1.12 

0.89 

8.02 

0.24 

1.19 

0.90 

8.62 

8.77 

1  74 

0.25 

1.26 

1.27 

0.91 

8.92 

0.26 

1.35 

C.92 

9.0V' 

0.27 

1.43 

0.93 

9.22 

0.28 

1.51 

0.94 

9.37 

0.29 

1.59 

0.95 

9.52 

0.30 

1.66 

1.67 

0.96 

9.67 

0.31 

1.75 

0.97 

9.82 

0.32 

1.84 

0.98 

9.98 

0.33 

1.93 

0.99 

10.14 

O.M 

2.02 

1.00 

10.10 

10.30 

1.98 

0.35 

2.09 

2.11 

1.01 

10.46 

0.36 

2.20 

1.02 

10.62 

0.37 

2.29 

1.03 

10.78 

0.38 

2.38 

1.04 

10.94 

0.39 

2.47 

1.05 

11.10 

0.40 

2.56 

2.57 

1.06 

11.26 

0.41 

2.67 

1.07 

11.42 

0.42 

2.77 

1.08 

11.58 

0.43 

2.87 

1.09 

11.74 

0.44 

2.97 

1.10 

11.65 

11.9(t 

2.15 

0.45 

3.05 

3.07 

0.60 

1.11 

12.06 

0.46 

3.17 

1.12 

12.22 

0.47 

3.27 

1.13 

12.:i8 

0.48 

3.;i8 

1.14 

12.54 

0.49 

3.49 

1.15 

12.71 

0.50 

3.57 

3.60 

0.84 

1.16 

12.88 

0.51 

3.71 

1.17 

13.05 

0.52 

3.82 

1.18 

13.22 

0.53 

3.93 

1.19 

13.39 

0.54 

4.04 

1.20 

13.28 

13.56 

2.11 

0.55 

4.12 

4.16 

1.21 

13.73 

0.56 

4.28 

1.22 

13.91 

0.57 

4.40 

1.23 

14.09 

0.58 

4.52 

1.24 

14.27 

0.59 

4.64 

1.25 

14.45 

0.60 

4.69 

4.76 

1.49 

1.26 

14. o:^ 

0.61 

4.88 

1.27 

14.81 

0.62 

5.00 

1.28 

14.99 

0.63 

5.12 

1.29 

15.17 

0.64 

5.25 

1.30 

14.97 

15.35 

2.54 

0.65 

5.29 

5.38 

1.31 

15.53 
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TABLE  5.— {Continued.) 


Gauge 
height. 

Cippoletti 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

Gauee 
height. 

Cippoletti 

fornnula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

1.3a 

15.71 

1.89 

27.35 

1.83 

15.89 

1.90 

26.45 

27.57 

4.23 

1.34 

16.07 

1.91 

27.79 

1.35 

15.84 

16.25 

1.92 

28.01 

1.36 

16.44 

1.93 

28.23 

1.37 

16.63 

1.94 

28.45 

1.38 

16.82 

1.95 

28.67 

1.39 

17.01 

1.96 

28.90 

1.40 

16.73 

17.20 

2.81 

1.97 

29.13 

1.41 

17.89 

1.98 

29.36 

1.42 

17.?.8 

1.99 

29.59 

1.43 

17.77 

2.00 

28.57 

29.82 

4.38 

1.44 

17.96 

2.01 

30.05 

1.45 

18.15 

2.02 

30.28 

1.46 

18.34 

2.03 

30.51 

1.47 

18.53 

2.04 

30.74 

1.48 

18.72 

2.05 

30.97 

1.49 

18.91 

2.06 

31.20 

1.50 

18.56 

19.10 

2.91 

2.07 

31.43 

1.51 

19.30 

2.08 

31.66 

1.5:3 

19.50 

2.09 

31.89 

1.53 

19.70 

2.10 

30.74 

.32.13 

4.52 

1..54 

19.90 

2.11 

32.37 

1.55 

20.10 

2.12 

32.61 

1.56 

20.30 

2.13 

32.85 

1.57 

20.50 

2.14 

33.09 

1.58 

20.70 

2.15 

33.33 

1.59 

20.90 

2.16 

33.57 

1.60 

20.44 

21.11 

3.27 

2.17 

33.81 

1.61 

21.32 

2.18 

34.05 

1.62 

21.53 

2.19 

34.29 

1.63 

21.74 

2.20 

32.96 

.34.53 

4.76 

1.64 

21.95 

2.21 

34.77 

1.65 

22.16 

2.22 

35.01 

1.66 

22.37 

2.23 

35.25 

1.67 

22.58 

2.24 

35.49 

1.68 

22.79 

2.25 

35.73 

1.69 

23.00 

2.26 

35.97 

1.70 

22.39 

23.21 

3.66 

2.27 

36.21 

1.71 

23.42 

2.28 

36.45 

1.72 

23.63 

2.s9 

36.70 

1.73 

28  84 

2.30 

35.23 

36.95 

4.88 

1.74 

24.05 

2.31 

37.20 

1.75 

21.27 

2.32 

37.45 

1.76 

24.49 

2.33 

37.70 

1.77 

24.71 

2.34 

37.95 

1.78 

24.93 

2.35 

38.20 

1.79 

25.15 

2.36 

38.45 

1.80 

24.39 

25.37 

4.02 

2.37 

38.70 

1.81 

25.59 

2  38 

38.95 

1.82 

25.81 

2.39 

39.20 

1.83 

26.03 

2.40 

37.55 

39.45 

5.06 

1.84 

26.25 

2.41 

39.70 

1.85 

26.47 

2.42 

39.95 

1.86 

26.63 

2.43 

40.20 

1.87 

26.91 

2.44 

40.45 

1.88 

27.13 

2.45 

40.70 

matel.v   one-half  the  length  of  the  crest  and   equal  to   the  length  of 
crest,   respectively. 

For  the  2-ft.  weir,  the  heads  are  not  high  enough  to  obtain  the 
l)reak  at  the  length  of  crest,  but  the  break  at  about  one-half  that  length 
is  quite  evident.     This  weir  makes  a  change  in  equation  at  a  lower 
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proporliuii    tlinii    llic    mIIrt    two,    at    npproximately    onc-tuiith    of    the 
leiif^tli. 

F(ir  the  3-ft.  weir,  there  are  only  two  equations,  the  hrcak  occurring 
:il  a  proportion  of  gauge  lieight  to  lengtli  of  crest  of  about  one-tenth. 

laMc  1  gives  the  results  of  the  experiments  as  recorded,  and  also, 
ill  each  run.  the  value  of  <'  in  tln'  roniiiila.  Q  =  Cllii.  the  eiistoinary 
weir  fornnila. 

Table  6  gives  the  gauge  lieiglits  of  the  experiments,  arranged 
in  the  order  of  their  value,  and  the  corresponding  values  of  C.  This 
table  shows  that  the  values  of  C  increase  with  the  gauge  height, 
and  that  the  exponent,  .?,  or  the  slope  of  tlie  loi;arithniic  curve,  is 
not  correct,  as  is  also  shown  by  the  logaritlunic  curves  of  actual 
discliarge. 

Table  8  gives  the  gauge  heights  tor  every  ^f^^^  ft.  up  to  a  beigiit 
(if  2.45  ft.  These  gauge  heights  are  accompanied  by  the  correspond- 
ing discharges  for  each  of  the  four  Cippoletti  weirs  tested.  From  this 
table  it  is  seen  that  the  discharges  by  formula  are  practically  correct 
up  to  a  gauge  height  of  one-third  of  the  length  of  the  crest.  Above 
this  point,  however,  the  use  of  a  new  formula  or  discharge  table  is 
essential  to  accuracy.  This  table  also  shows  that,  above  the  limits 
of  the  formula,  the  w^eir.s  do  not  discharge  in  proportion  to  their 
length  of  crest,  and  that  this  difference  increases  with  the  gauge 
height.  It  will  be  observed  that  the  discharges  of  the  2-ft.  and  3-ft. 
weirs  are  more  in  proportion  to  the  length  of  the  crest  than  any  of 
the  others. 

Talile  ',»  shows  tlie  values  of  (J  in  the  weir  formula,  (}  =  Clk'i  for 
all  the  Cippoletti  weirs.  The  values  were;  ])repared  for  eacli  j,";,,  ft. 
of  -ange  height,  up  to  a  head  of  0.:}  ft.,  and  for  every  ^\^  ft.  above 
tliat  point.  The  values  of  Q  in  the  formula  were  taken  from  the  pre- 
pared discharge  tables.  This  table  shows  that  above  a  gauge  height 
equal  to  one-third  of  the  length  of  the  crest,  0  increases  very  rapidly 
in  each  case,  and  that  this  increase  is  not  uniform  for  all  the  weirs, 
but  is  more  nearly  in  proportion  to  the  ratio  of  gauge  height  to  length 
of  crest. 

The  foregoing  tables  and  plates  show  that  the  Cippoletti  weir 
t'ormula  may  be  used  with  reasonable  accuracy  for  depths  up  to  one- 
tliird  of  the  length  of  the  crest.  Above  this  gauge  height,  it  will  be 
necessary  to   use  tables  prepared  carefully   from  actual   ratings.     Tlie 
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TABLE  6. — Gauge  Height  and  Values  of  0  in  the 

■A 

Formula,  Q  =  Clh^ 
CiPPOLETTi  Weirs. 


Series 

No. 

Average 

SGrics 

Average 

Run  No. 

gauge 

C. 

No. 

Run  No. 

gauge 

C. 

height. 

height. 

(i-lNCH  Weir. 

2-FooT  Wei 

ii.—(Co7}  tinned.) 

1 

24 

0.161 

3.387 

8 

1 

0.066 

3.588 

1 

0.217 

3.363 

31 

0.092 

3.459 

2 

0.225 

3.104 

30 

0.154 

3.455 

23 

0.270 

3.478 

39 

0.178 

3.409 

3 

0.334 

3.304 

3 

0.186 

3.441 

5 

0.334 

3.553 

28 

0.290 

3.. 374 

4 

0.336 

3.562 

3 

0.317 

3.393 

19 

0.400 

3.676 

4 

0.318 

3.380 

6 

0.513 

3.78.i 

27 

0.406 

3.338 

22 

0.530 

3.795 

5 

0.430 

3.386 

13 

0.537 

3.867 

6 

0.438 

3.368 

]S 

0.600 

3.898 

8 

0.534 

3.385 

7 

0.667 

4.284 

7 

0.526 

3.385 

21 

0.C67 

3.954 

11 

0.588 

3.371 

12 

0.675 

4.028 

10 

0.594 

3.384 

17 

0.715 

4.055 

9 

0.601 

3. 380 

8 

0.770 

4.133 

12 

0.668 

3.411 

16 

0.774 

4.126 

13 

0.679 

3.197 

11 

0.776 

4.166 

14 

0.853 

3.445 

20 

0.830 

4.181 

15 

0.854 

3.448 

10 

0.839 

4.291 

10 

1.086 

3.499 

14 

0.940 

4.338 

17 

1.090 

3.514 

9 

0.941 

4.329 

20 

1.101 

3.494 

15 

0.945 

4.. 337 

18 

1.238 

3.557 

21 

1.425 

3.601 

1-FooT  Weir. 

19 

1.484 

3.628 

7 

9 

8 

6 
5 

0.138 
0.215 

0.302 
0.409 
0.482 

3.333 
3.320 
3.361 
3.394 
3.422 

23 
23 
24 
25 
26 

1.537 
l.,598 
1.816 
1.852 
1.987 

3.607 
3.689 
3.719 
3.733 
3.7.37 

4 
3 

0.518 

0.588 

3.404 
3.460 

8-Foo 

r  Weir. 

1 

12 
13 
14 
10 
11 
15 
16 
17 
18 
19 
20 
.    21 
22 
23 
24 
25 
26 
27 
28 

0.594 
0.637 
0.059 
0.693 
0.815 
0.840 
0.846 
0.937 
0.993 
1.097 
1.219 
1.330 
1.880 
1.476 

3.454 
3.487 
3.520 
3.530 
3.595 
3.599 
3.604 
3.656 
3.692 
3.758 
3.835 
3.913 
3.971 
4.034 

11 

3 

11 

10 

3 

1 

12 

4 

9 

5 

19 

13 

8 

7 

14 

0.082 
0.090 
0.130 
0.170 
0.173 
0.316 
0.236 
0.2C7 
0.302 
0.396 
0.444 
0.460 
0.500 
0.598 

3.514 
3.469 
3.461 
3.433 
3.436 
3.410 
3.450 
3.393 
3.430 
3.357 
3.366 
3.386 
3.400 
3.400 

i'.528 
1.604 
1.721 
1.K53 
1.897 
1.978 

4!  076 
4.131 
4.186 
4.265 
4.313 
4.366 

6 
15 
16 
17 

18 
30 
21 

0.609 
0.844 
0.994 
1.167 
1.410 
1.470 
1.923 

3.414 
3.413 
3.445 
3.435 
3.463 
3.489 
3.503 

2-FooT  Weir. 

22 
25 

31665 

31536 

8 

33 

0.034 

3.730 

24 

2.246 

3.533 

32 

0.059 

3.889 

23 

2.415 

3.676 
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TABLE  7. — Equations  and  Location  of  Breaks 

IN  Logarithmic  Curves. 

CiPPOLETTi  Weirs. 


Equation. 

Gauge  heiglit  of  break. 

Gauge  height  of  break 

divided  by 

length  of  weir  crest. 

6-Inch  Weir. 

4.000 //il ■■''97 
4.178  iAl-«33 
4.409 //i^-" 

0.327 
0.530 

0.654 

i.oro 

1-FooT  Weir. 

3.467  ?ftl-5i'' 
3.690  //ii" 
3.631  //il-''"' 

0.518 
I.lOfl 

o.r)is 

l.lO'.t 

2-FooT  Weir. 

3.083 //|i^" 
3.388  Ih^-^ 
3.443  Jfti-<« 

0.178 
0.864 

0.0H9 
0.432 

3-FooT  Weir. 

3. ass  /ftl^*9 
3.435  ?/il^^26 

0.444 

0.148 

results  show  that  the  discharge  curves  of  smaller  weirs  above  a  gauge 
height  of  one-third  of  the  length  of  the  crest  are  not  a  single  section 
of  a  parabola,  but  a  series  of  short  sections  of  parabolas.  This  series 
of  parabolas,  however,  seems  to  become  less  evident  as  the  weirs 
increase  in  length,  and  it  will  be  assumed  that  the  logarithmic  curve 
for  the  3-ft.  weir  above  a  gauge  height  of  0.444  ft.  is  a  good  representa- 
tive of  the  behavior  of  the  larger  weirs,  and  that  it  may  be  used  with 
reasonable  accuracy  up  to  a  depth  equal  to  the  length  of  the  weir 
crest.  Thus,  in  the  use  of  Cippoletti  weirs,  the  formula  will  be  taken 
as  correct  up  to  gauge  heights  of  one-third  of  the  length  of  the  crest. 
Above  this  point,  for  3-ft.  weirs  and  smaller,  the  tables  given  here- 
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with  are  recommended,  and  for  weirs  of  greater  length  than  3  ft., 
for  gauge  heights  of  more  than  one-third  of  the  length  of  the  crest, 
the  I'oi'niula,  3. loo  lli^-^-^,  sliould  he  used.  In  this  manner  accurate 
results  are  assured  for  all  reasonable  gauge  heights. 

Rectangular  Weirs. — The  experiments  on  sharp-crested  rectangular 
weirs  were  made  on  the  same  sizes  as  were  those  of  the  Cippoletti 
type,  namely,  6-in.,  1-ft.,  2-ft.,  and  3-ft.  These  were  tested  and 
calibrated    at    the    same    headings    and    in    the    same   manner    as   the 


TABLE  8. — Gauge  Heights  and  Discharge  fob  Cippoletti  Weirs. 


Gauge  height, 

Discharge  of 

Discharge  of 

Discharge  of 

Discharge  of 

in  feet. 

6-in.  weir. 

1-ft.  weir. 

2-ft.  weir. 

3-ft.  weir. 

0.00 

0.000 

0.000 

0.000 

0.00 

0.05 

0.019 

0.0.38 

O.OH 

0.13 

0.10 

0.053 

0.107 

0.21 

0.33 

0.15 

0.098 

0.190 

0.39 

0.59 

0.20 

0.151 

0.301 

0.60 

0.91 

0.25 

0.214 

0.431 

0.84 

1.37 

0.30 

0.288 

0.553 

1.11 

1.67 

0.35 

0.371 

0.697 

1.39 

3.11 

0.40 

0.463 

0.852 

1.70 

3.57 

0.45 

0.563 

1.016 

2.03 

3.07 

0.50 1' 

0.669 

1.300 

2.38 

3.60 

0.55 

0.781 

1.396 

3.755 

4.16 

0.60 

0.906 

1.603 

3.14 

4.76 

0,65 

1.043 

1.824 

3.55 

5.38 

0.70 

1.186 

2.066 

3.98 

6.03 

0.75 

1.336 

2.313 

4.415 

6.68 

0.80 

1.492 

3.565 

4.87 

7.36 

0.85 

1.657 

3.830 

5.34 

8.06 

0.90 

i.832 

3.105 

5.84 

8.77 

0.95 

2.012 

3.389 

6.36 

9.. 53 

1.00 

3.194 

3.686 

6.91 

10.30 

1.05 

3.999 

7.47 

11.10 

1.10 

4.325 

8.07 

11.90 

1.15 

4.670 

8.67 

12.71 

1.20 

5.037 

9.28 

13.56 

1.35 

5.395 

9.91 

14.45 

1.30 

5.781 

10.56 

15.35 

1.35 

6. 183 

11.21 

16.25 

1.40 

6.595 

11.91 

17.20 

1.45 

7.015 

12.61 

18.15 

1.50 

7.450 

13.31 

19.10 

1.55 

7.890 

14.03 

20.10 

1.60 

8.343 

14.78 

21.11 

1.65 

8.806 

15.54 

33.16 

1.70 

9.376 

16.34 

23.21 

1.75 

9.746 

17.14 

24.27 

1.80 

10.329 

17.94 

35.37 

1.85 

10.738 

18.74 

36.47 

1.90 

11.356 

19.. 59 

37.57 

1.95 

11.791 

20.45 

38.67 

2.00 

12.345 

21.35 

29.82 

2.05 

30.97 

2.10 

32.13 

2.15 

33.33 

2.20 

34.53 

2.25 

35.73 

3.30 

.36.95 

3.35 

.38.20 

2.40 

.39.45 

2.45 

40.70 

PLATE  XXVI. 

PAPERS,   AM.  SOC.  C.   E. 

FEBRUARY,   1913. 

STEWARD  AND  LONGWELL  ON 

WEIR  DISCHARGE  EXPERIMENTS. 


Discharge, in  Second-Feet. 
0.1        0.2       0.3       0.4         0.5        0  6        0.7       0.8        0.9       10        l.t        1.2        1.3        1.4         1.5        1.6 


1.0        1.8        1.4       1.6        1.8        2.0        2.2        2.4        2.6        2.8        3.0        3.2        3.4        3.t 

Discharge  over  Weir,in  Second-Feet. 


8        4.0        1.2        4.4       4.6        4.8       S.0 
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trapezoidal  weirs.  No  velocity  of  approach  existed  in  any  case.  Full 
contraction  and  a  jicrfect,  undisturbed,  and  free  nappe  were  maintained 
in  every  run.  Tiic  different  compartments  of  the  measuring  tank  were 
used  as  the  hcnds  and  discharge  varied. 

TAUi/K  II.-    (;ait;k  Hricjiit  .wd  Valuks  ov   C  in  Tiih:  Fokafula, 

Q  =  Clh~  FOR  THE  CirPOLETTI  WkIR. 


LeNOTH    ok   WKIR,    IN    KKET. 

(in  !!>;(> 

I,eit;lit. 

ti-in. 

1-ft. 

2-£t. 

3-ft. 

0.0 

0.0.5 

3.367 

3.367 

3.367 

3.."iTl 

O.IU 

3.867 

3.367 

3.367 

3.4M1 

0.15 

3.367 

3.367 

3.  .367 

3.367 

0.20 

3.367 

3.367 

3.367 

3.393 

0.2.T 

3.434 

3.367 

3.367 

3.387 

0.30 

3.506 

3.367 

3.367 

3.388 

0.40 

3.660 

3.367 

3.367 

3.3H6 

0.50 

3.78} 

3.394 

3.367 

3.394 

O.tiO 

3.898 

3.449    . 

3.377 

3.413 

o.ro 

4.049 

3.527 

3.398 

3.431 

(l.HII 

4.170 

3.585 

3.403 

3.428 

O.illl 

4.291 

3.637 

3.420 

3.424 

l.(H( 

4.388 

3.686 

3.455 

3.433 

1.10 

3.749 

3.497 

3.438 

1.2(1 

3.824 

3.530 

3.438 

1..S0 

3.900 

3.562 

3.452 

1.40 

3.981 

3.595 

3.461 

1.50 

4.05:^ 

3.621 

3.464 

l.fHI 

4.122 

3.651 

3.477 

i.ro 

4.186 

3.687 

3.491 

l.WI 

4.235 

,    3.714 

3.501 

1.90 

4.298 

3.740 

3.509 

2.  (JO 

4.365 

3.775 

3.515 

2.10 



3.519 

2.20 

3.527 

2.30 

3.531 

2.40 

3.. 537 

Tables  and  plates  similar  to  those  for  the  Cippoletti  weirs  were 

prepared  for  this  type.     The  Francis  formula  for  rectangular  weirs  was 

Used,  and  in  each  case  the  percentage  of  difference  between  the  actual 

and  Francis  discharges  was  tabulated. 

Table  10  gives  the  actual  experimenlal  dala  for  each  weir,  together 

.•J 
with  the  correspondinu'  values  of  ('  in  the  loiinnla.  (J  =  i'lhi. 

'i"al)les   1 1    to   14  give  tb.e  actual  discharges  corresponding  to   each 

yj, ,.  It.  (jf  gauge  height,  up  to  the  limit  of  the  experiments.     The  dis- 

oharues,  computed  from   tlie  Francis  formula,  Q  =  .'J.'JS;]  (I  —  0.  ^h)  h'^, 

ai''    taluilated    for   each    j',,  ft.  of   i,'auu;e    height,   and    the   percentage   of 

differi'iiee  between  this  and  the  actual  discharge  is  recorded  as  shown. 

It.  i-  >een  that  the  formula  is  only  fairly  correct  for  very  low  heads. 
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TABLE  10. — Results  of  Experiments  on  Weirs. 
Eectangular  Weirs. 


6 

.S 
1 

6 

d 

Average 
gauge 
height, 
in  feet. 

Variation 

in  gauge 

height. 

Length  ot 

weir, 
in  inches. 

Time 

interval, 

in  seconds. 

Actual 

discharge, 

in  cubic 

feet. 

Discharge 

in  secoud- 

feet. 

C 
in  formula 
a 

4 

1 

h 
0.117 

0.018 

I 
6 

1  200 

77 

Q 
0.064 

3.192 

2 

0.113 

0.000 

0 

1200 

75 

0.063 

3.307 

;i 

0.156 

0.013 

6 

1  200 

130 

0.100 

3.247 

4 

0.236 

0.006 

6 

900    ■ 

163 

0.180 

3.189 

5 

0.348 

0.004 

6 

600 

194 

0.333 

3.147 

6 

0.499 

0.006 

6 

600 

331 

0.553 

3.132 

7 

0.170 

0.006 

6 

1  200 

129 

0.108 

3.081 

8 

0.082 

0.006 

(1 

2  400 

■  93 

0.039 

3.319 

9 

0.042 

0.000 

6 

3  600 

52 

0.014 

3.256 

10 

0.030 

0.006 

6 

3  600 

31 

0.009 

3.462 

11 

0.678 

0.019 

6 

600 

534 

0.873 

3.128 

13 

0.574 

0.006 

6 

600 

406 

0.677 

3.113 

13 

0.774 

0.005 

6 

600 

643 

1.070 

3.142 

14 

0.866 

0.015 

6 

600 

757 

1.263 

3.132 

15 

0.992 

0.019 

6 

540 

845 

1.565 

3.168 

16 

0.751 

0.000 

6 

600 

613 

1.020 

3.135 

17 

0.803 

0.006 

6 

600 

678 

1.130 

3.141 

18 

0.902 

0.001 

6 

600 

813 

1.355 

3.163 

19 

0.955 

0.004 

6 

fiOO 

884 

1.473 

3.157 

20 

0.999 

0.018 

6 

600 

949 

1.582 

3.169 

21 

0.682 

0.030 

6 

600 

528 

0.880 

3.125 

22 

0.572 

0.003 

6 

420 

283 

0.671 

3.102 

23 

0.564 

0.007 

6 

600 

393 

0.6.53 

3.083 

24 

0.487 

0.006 

6 

600 

.317 

0.528 

3.108 

25 

0.446 

0.009 

6 

600 

376 

0.460 

3.088 

36 

0.405 

0.006 

6 

600 

339 

0.398 

3.088 

27 

0.346 

0.003 

6 

600 

187 

0.312 

3.065 

28 

0.309 

0.004 

6 

600 

157 

0.262 

3.050 

39 

0.331 

0.019 

6 

600 

100 

0.167 

3.009 

30 

0.110 

0.010 

6 

2  400 

143 

0.060 

3.288 

31 

0.154 

0.006 

6 

1  800 

173 

0.096 

3.174 

32 

0.208 

0.004 

6 

900 

134 

0.149 

3.143 

33 

0.604 

0.005 

6 

600 

439 

0.732 

3.119 

34 

0.534 

0.007 

6 

600 

356 

0.593 

3.137 

35 

0.661 

0.013 

6 

600 

507 

0.845 

3.145 

36 

0.473 

0.006 

6 

60(1 

.303 

0.505 

3.114 

37 

0.662 

0.012 

6 

600 

506 

0.843 

3.130 

38 

0.6S8 

0.013 

6 

600 

479 

0.798 

3.133 

39 

0.498 

0.007 

6 

600 

326 

0.543 

3.090 

40 

0.443 

0.003 

6 

600 

274 

0.457 

3.110 

41 

0.398 

0.010 

6 

600 

234 

0..S90 

3.106 

42 

0.338 

O.OIl 

6 

600 

176 

0.293 

3.119 

43 

0.268 

0.006 

6 

900 

194 

0.216 

3.113 

13 

1 

1.338 

0.(X)9 

13 

600 

2  922 

4.870 

3.147 

2 

1.126 

0.018 

13 

300 

1  123 

3.743 

3.133 

3 

1.305 

0.004 

12 

600 

2  506 

4.177 

3.1.58 

4 

1.130 

0.009 

12 

600 

3  254 

3.757 

3.128 

5 

1.044 

0.010 

12 

600 

1  999 

3.332 

3.124 

6 

0.982 

0.013 

13 

600 

1815 

3.025 

3.108 

7 

0.909 

0.003 

13 

600 

1  617 

2.695 

3.109 

8 

0.857 

0.005 

12 

600 

1  490 

2.483 

3.130 

9 

0.775 

0.008 

13 

600 

1  278 

2.130 

3.123 

10 

0.571 

0.013 

13 

600 

814 

1.357 

3.146 

11 

0.714 

0.005 

13 

600 

1  131 

1.885 

3.124 

12, 

0.518 

0.009 

12 

600 

703 

1.170 

3.138 

13 

0.416 

O.OO:^ 

12 

900 

762 

0.847 

3.157 

14 

0.189 

0.010 

12 

1200 

330 

0.267 

3.248 

15 

0.824 

0.005 

12 

1300 

703 

0.586 

3.178 

16 

0.056 

0.009 

12 

1  500 

67 

0.045 

3.383 

17 

0.143 

0.005 

12 

1  800 

331 

0.178 

3.337 

18 

0.102 

0.015 

12 

1  020 

104 

0.102 

3.139 

19 

0.823 

0.011 

13 

600 

1400 

2.333 

3.131 

20 

1.333 

0.008 

12 

480 

3060 

4.292 

8.135 
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6 

Average 

Variation 

Length  of 

Time 

Actual 

Discharge, 

C 

0/ 

a 

gauge 
heignt, 
iu  feet. 

in  vauge 

interval. 

discharge, 

in  second- 

iu  formula 

33 

3 

heiglit. 

weir. 

in  seconds. 

cubic  feet. 

feet. 

Q  =  CWi'5 

14 

1 

1, 
0.081 

0.002 

24 

1  800 

290 

0.161 

3.500 

« 

0.104 

0.008 

24 

1  200 

277 

0.231 

3.438 

S 

0. 16? 

0.003 

24 

900 

416 

0.462 

3.382 

4 

0.233 

0.005 

24 

()00 

449 

0.748 

3.324 

5 

0.294 

0.002 

24 

600 

627 

1.045 

3.278 

(i 

0.395 

0.008 

24 

600 

970 

1.617 

3.256 

7 

0.510 

0.020 

24 

600 

1  417 

2.362 

3.343 

8 

0.573 

0.003 

24 

600 

1  669 

2.782 

3.207 

9 

0.717 

0.011 

24 

600 

2  331 

3.868 

3.186 

10 

0.910 

0.003 

21 

480 

2  635 

5.490 

3.163 

11 
1.! 
13 

1.102 

0.004 

24 

420 

3  063 

7.293 

3.153 

'i!283 

"6. '614 

24 

' '  sod 

'2  724 

'9! 080 

'3;i24 

14 

1.429 

0.015 

24 

300 

3  171 

10.570 

3.094 

15 

0.549 

0.002 

24 

9C0 

2  326 

3.584 

3.176 

16 

0.886 

0.007 

24 

900 

4  716 

5.240 

3.141 

17 

1.185 

0.005 

24 

600 

4  857 

8.095 

3.138 

18 

1.574 

0.005 

34 

480 

5  934 

12.362 

3.130 

19 

0.059 

0.009 

24 

2100 

202 

0.096 

3.331 

20 

0.214 

0.004 

24 

600 

394 

0.657 

3.318 

1.^  1     1 

0.4'<2 

O.OOO 

36 

600 

2  001 

3.335 

3.322 

2 

0.468 

0.003 

36 

600 

1  921 

H.203 

3.333 

1     "^ 

0.426 

0.001 

36 

630 

1  754 

2.784 

3.337 

4 

0.385 

0.000 

86 
36 
36 

600 

1448 

2.413 

3.367 

('> 

oiioi 

'o.m 

' '  '936 

316 

0,340 

'3!53i 

7 

0.310 

0.001 

36 

600 

1  028 

1.713 

3.308 

>^ 

0.198 

0.001 

36 

900 

808 

0.898 

3.398 

it 

0.4.52 

0.001 

36 

600 

1  800 

3.000 

3.291 

10 

0.614 

0.002 

36 

390 

1836 

4.708 

3.262 

11 

0.950 

0.003 

36 

480 

4  325 

9.010 

3.244 

12 

0.826 

0.003 

36 

600 

4  401 

7.335 

3.257 

13 

1.190 

0.007 

36 

510 

6  398 

12.545 

3.321 

14 

2.058 

0.004 

36 

360 

10  077 

27.993 

3.160 

15 

2.061 

0.0C5 

36 

300 

8  409 

28.030 

3.157 

l(i 

1.820 

0.007 

36 

360 

8  340 

23.167 

3.145 

IT  1 

1.606 

0.010 

36 

300 

5  802 

19.. 340 

3.167 

18 

1.401 

o.ooa 

36 

360 

5  705 

15.847 

3.185 

19 

1.882 

0.004 

36 

600 

9  353 

15.588 

3.198 

20 

1.009 

0.004 

36 

360 

6  9S5 

19.403 

3.169 

21 

0.690 

0.001 

36 

600 

3  358 

5.597 

3.255 

Tal)le  15  gives  the  value  of  (1  in  tlio  forimila,  Q  =  O^/i^,  for  the 
gauge  heights  of  the  various  experiments,  arranged  in  the  order  of  their 
value.  It  will  be  observed  that  these  do  not  show  the  marked  variation 
characterizing  the  Cippoletti  weirs.  Table  16  gives  the  equations  of 
the  different  parabolas,  the  gauge  height  at  which  the  equations  change, 
and  the  proportion  that  these  gauge  heights  are  of  the  lengths  of  crest. 
It  may  be  seen  that  the  equations  do  not  have  such  a  wide  range 
as  in  the  previous  case,  and  that  the  three  equations  agree  more 
closely  with  each  other  as  the  size  of  the  weir  increases,  and  finally 
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TABLE  11. — Gauge  Height  and  Discharge  for  6-Inch 
Rectangular  Weir. 


Gauge 
height. 

Francis 
formula 
discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

Gauge 
height. 

Francis 
formula 
discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

0.00 

0.01 10 

0.000 

0.51 

0.568 

0.01 

0.002 

0.52 

0.585 

0.02 

o.oon 

0.53 

0.602 

O.03 

0.01)9 

0.54 

0.619 

0.04 

0.013 

0.55 

O.tWO 

0.05 

0.018 

0.018 

0.56 

0.653 

0.06 

0.024 

0.57 

0.671 

o.or 

0.030 

0.58 

0.689 

0.08 

0.037 

0.59 

0.707 

O.Oi) 

0.044 

0.60 

0.588 

0.725 

23.30 

0.10 

O.O.'iO 

0.051 

2.00 

0.61 

0.743 

0.11 

0.059 

0.62 

0.761 

0.12 

0.067 

0.63 

0.780 

0.18 

0.075 

0.64 

0.7fi9 

0.14 

0.081 

0.65 

0.818 

0.15 

0.093 

0.66 

0.837 

0.16 

0.102 

0.67 

0.8.56 

0.17 

0.109 

0.112 

2.75 

0.68 

0.876 

0.18 

0.122 

0.69 

0.896 

0.19 

0.132 

0.70 

0.702 

0.916 

30.49 

0.20 

0.137 

0.142 

3.65 

0.71 

0.936 

0.21 

0.152 

0.72 

0.9.^6 

0.22 

0.162 

0.73 

0.976 

0.23 

0.173 

0.74 

0.997 

0.24 

0.184 

0.75 

1.018 

0.25 

0.195 

0.70 

1.039 

0.26 

0.206 

0.77 

1.060 

0.27 

0.218 

0.78 

1.081 

0.28 

0.230 

0.79 

1.103 

0.29 

0.242 

0.80 

0.810 

1.125 

38.89 

0.30 

0.2  U 

0.254 

5.39 

0.81 

1.147 

0.31 

0.266 

0.82 

1.169 

0.32 

0.279 

0.83 

1.191 

0.33 

0.292 

0.84 

1.213 

0.34 

0.305 

0.85 

1 .235 

0.85 

0.318 

0.86 

1.258 

0.36 

0.332 

0.87 

1.281 

0.37 

0.346 

0.88 

1.304 

0.38 

0..361 

0.89 

1.327 

0.39 

0.376 

0.90 

0.910 

1.350 

48.35 

0.40 

0.354 

0.391 

10.45 

0.91 

1.373 

0.41 

0.406 

0.92 

1.396 

0.42 

0.421 

0.93 

1.419 

0.43 

0.437 

0.94 

1.442 

0.44 

0.453 

0.95 

1.465 

0.45 

0.412 

0.469 

0.96 

1.488 

0.40 

0.485 

0.97 

1.512 

0.47 

0..501 

0.98 

1 .536 

0.48 

0.517 

0.99 

1.560 

0.49 

0.534 

1.00 

0.999 

1.584 

.58.56 

0.50 

0.471 

0.551 

16.99 

become  one  parabola  in  the  3-ft.  weir.     The  breaks  occur  at  about  the 
same  relative  positions  as  in  the  Cippoletti  weirs. 

Tal)le  17  gives  the  discliarges  of  each  weir  for  every  yf,,,  ft.  of 
gauge  height,  as  far  as  the  experiments  were  carried.  This  table 
shows  that  these  results  boar  a  very  marked  proportionality  to  the  vari- 
ous Icngtlis  of  crest. 
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TAIJLE  12. — Gauge  Height  and  Discharge  for  1-Foot 
Eectangular  Weir. 


(tiiiiKe 

heiglil.   1 

Francis 

formula 

(liscliarge. 

Aftual 
(iisoharge. 

Percentage' 

of 
difference. 

Gauge 
height. 

Francis 

foriimla 

discliarge. 

Actual 
discharge. 

1 

Percentage 

of 
difference. 

0.00 

0.000 

0.000 

0.65 

1.640 

0.01 

0.005 

0.66 

1.677 

0.02 

0.010 

0.67 

1.715 

0.08 

0.017 

0.68 

1.7.53 

0.04 

().02t) 

0.69 

1.791 

0.05 

0.ft37 

0.037 

0.70 

1.677 

1 .830 

9.12 

0.0(i 

0.048 

0.71 

1.869 

0.07 

O.OfiO 

0.72 

1.908 

0.08 

0.073 

0.73 

1.948 

0.09 

0.087 

0.74 

1.988 

0.10 

0.103 

0.108 

0.75 

2.028 

0.11 

0.119 

0.76 

2.068 

0.13 

0.136 

0.77 

2.108 

0.13 

0.153 

0.78 

2.149 

0.14 

0.170 

0.79 

2.191 

0.16 

0.188 

0.188 

0.80 

2.001 

2.233 

ll.r.9 

OltJ 

0.206 

0.81 

2.276 

0.17 

0.225 

0.82 

2.319 

0.18 

0.245 

1 

0.83 

2.362 

0.19 

0.266 

0.84 

2.405 

0.2t) 

0.280 

0.287 

0.35 

0.85 

2.448 

0.21 

0.3a8 

0.86 

2.492 

0.22 

0.330 

0.87 

2.536 

0.23 

0.352 

0.88 

2.580 

0.24 

0.375 

0.89 

2.624 

0.25 

0.398 

0.90 

2.331 

2.668 

14.46 

0.26 

0.4-il 

0.91 

2.712 

0.27 

0.445 

0.92 

2.757 

0.28 

0.470 

\ 

0.93 

2.802 

0.29 

0.495 

0.94 

2.847 

0.30 

0.514 

0.521 

1.36 

0.95 

2.892 

0.31 

0.547 

0.96 

2.938 

0.32 

0.574 

0.97 

2.984 

0.33 

0.590 

0.602 

2.03 

0.98 

3.031 

0.34 

0.6.30 

0.99 

8.078 

0.35 

0.65H 

1.00 

2.664 

3.125 

17.30 

0.36 

0.686 

1.01 

8.172 

0.37 

0.714 

1.02 

3.219 

0.38 

0.743 

1.03 

8.266 

0.39 

0.772 

-    1.04 

3.314 

0.40 

0.775 

0.801 

3  85 

1.05 

3.362 

0.41 

0.830 

1.06 

3.411 

0.42 

0.860 

1.07 

3.460 

0.43 

0.890 

1.08 

3.503 

0.44 

0.920 

1.09 

8.559 

0.45 

0.950 

1.10 

2.997 

8.609 

20.42 

0.46 

0.981 

1.11 

3.659 

0.47 

1.012 

1.12 

3.709 

0.48 

1.044    ; 

1.13 

3.759 

0.49 

1.077 

1.14 

3.809 

0.50 

1.060 

1.111               4.81 

1.15 

3.860 

0.51 

1.145 

1.16 

3.911 

0.52 

1.179 

1.17 

3.962 

0.5S 

1.218 

1.18 

4.014 

0.54 

1.247 

1.19 

4.066 

0.55 

1.282 

1.20 

8.327 

4.119 

23.81 

0.56 

1.317 

1.21 

4.172 

0.57 

1.352 

1.22 

4.225 

0.58 

1.387 

1.23 

4.278 

O.-'ig 

1.423 

1.24 

4.332 

0.60 

1.362 

1.459 

7.12 

1.25 

4.387 

0.61 

1.495 

1.26 

4.442 

0.62 

1.5:il 

1.27 

4.497 

0.63 

1.557 

1.28 

4.552 

0.64 

1.603 

i 

1.29 

4.608 
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TABLE  12.— (Gonti7med.) 


Gauge 
height. 

Francis          Aftiial 

1 

Percentage 

of 
diflferenoe. 

Gauge 
height. 

Francis 

formula 

discharge. 

Actual 

discharge. 

Percentage 

of 
difference. 

1.30 
1.31 
1.32 
l.:« 
1.34 
1.35 

3.652 
3.813 

4.664 
4.720 
4.777 
4.834 

27.71 

1.36 
1.37 
1.38 
1.39 
1.40 

3.972 

TABLE  13. — Gauge  Height  and  Discharge  for  2-Foot 
Kectangular  Weir. 


Gauge 
height. 

Francis 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

Gauge 
height. 

Francis 

formula 

discharge. 

Actual 
discharge. 

Percentage 

ot 
difference. 

0.00 

0.00 

0.00 

0.51 

2.31 

0.01 

0.01 

0.52 

2.41 

0.02 

0.025 

0.53 

2  48 

0.03 

0.04 

0.54 

2.55 

0.04 

0.06 

0.55 

2.63 

0.05 

0.08 

0.08 

0.56 

2.69 

0.06 

0.10 

0.57 

2.76 

0.07 

0.125 

0.58 

2.83 

0.08 

0.15 

0.."i9 

2.90 

0.09 

0.18 

0.60 

2.91 

2.98 

2.41 

0.10 

0.21 

0.21 

0.61 

3.05 

0.11 

0.24 

0.62 

3.12 

0.12 

0.27 

0.63 

3.19 

0.13 

0.30 

0.64 

3.26 

0.14 

0.34 

0.65 

3.34 

0.15 

0.38 

0.66 

3.42 

0.16 

0.42 

0.67 

3.41 

3.50 

2.64 

0.17 

0.46 

0.68 

3.58 

0.18 

0.50 

0.69 

3.66 

0.19 

0.54 

0.70 

3.63 

3.74 

3.03 

0.20 

0..58 

0.58 

0.71 

3.82 

0.21 

0.63 

0.72 

3.90 

0.22 

0.68 

0.73 

3.98 

0.23 

0.73 

0.74 

4.06 

0.24 

0.78 

0.75 

4.14 

0.2S 

0.83 

0.76 

4.22 

0.36 

0.88 

0.77 

4.30 

0.27 

0.9:^ 

0.78 

4.38 

0.28 

0.98 

0.79 

4.46 

0.29 

1.03 

0.80 

4.38 

4.54 

3.65 

0.30 

1.U6 

1.08 

1.89 

0.81 

4.62 

0.31 

1.13 

0.82 

4.70 

0.32 

1.18 

0.83 

4.78 

0.33 

1.23 

0.84 

4.87 

0.34 

1.29 

0.85 

4.96 

0.35 

1.35 

0.86 

5.05 

0.36 

1.41 

0.87 

5.14 

0.37 

1.47 

0.88 

5.23 

0.38 

1.53 

0.89 

5.32 

0.39 

1..59 

0.90 

5.17 

5.41 

4.64 

0.40 

1.62 

1.65 

1.85 

0.91 

5.50 

0.41 

1.71 

0.92 

5.59 

0.42 

1.77 

0.93 

5.68 

0.43 

1.83 

0.94 

5.77 

0.44 

1.89 

0.95 

5.86 

0.45 

1.95 

0.96 

5.95 

0.46 

2.01 

0.97 

6.04 

0.47 

2.07 

0.98 

6.13 

0.48 

2.13 

0.99 

6.23 

0.49 

2.20 

1.00 

5.99 

6.31 

5.34 

0.50 

2.24 

2.27 

1..34 

1.01 

6.40 
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TABLE  13.— (Continued.) 


Gauire 
lieight. 

Francis 

formula 

discharge. 

Actual 
discliarfre. 

Percentage 

of 
difference. 

QauRB 
height. 

Francis 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

1.02 

6.49 

1.30 

8.59 

9.27 

7.92 

i.as 

6.38 

1.31 

9.37 

1.04 

6.67 

1.82 

9.47 

1.05 

6.76 

1.33 

9.58 

1.06 

6.85 

1.34 

9.69 

1.07 

6.95 

1.35 

9.80 

1.08 

7.05 

1.36 

9.91 

1.0<.» 

7.15 

l.«7 

10.02 

1.10 

fi.S4 

7.25 

5.99 

1.88 

10.13 

1.11 

7.35 

1.39 

10.24 

1.12 

7.45 

1.40 

9.49 

10.35 

9.(16 

1.13 

7.55 

1.41 

10.46 

1.14 

7.65 

1.42 

10.57 

1.15 

7.75 

1.43 

10.68 

1.16 

7.85 

1.44 

10.79 

1.17 

7.95 

1.45 

10.90 

I.IH 

8.05 

1.46 

11.01 

1.19 

8.15 

1.47 

11.12 

1.20 

7.70 

8.25 

7.14 

1.48 

11.23 

1.21 

8.35 

1.49 

11.34 

1.22 

8.45 

1.50 

10.40 

11.45 

10.09 

1.23 

8.55 

1.51 

11.56 

1.24 

8.65 

1.52 

11.67 

1.25 

8.75 

1.53 

11.78 

1.26 

8.85 

1.54 

11.89 

1.27 

8.95 

1.55 

12.00 

1.28 

9.05 

1.56 

1.29 

9.15 

Tabk'  is  gives  the  values  of  C  in  the  formula,  Q  =  Clh^,  for  each 
of  the  rectangular  weirs,  for  each  yij^  ft.  of  gauge  height  to  0.;>  ft. 
head,  and  for  each  ^^-^  ft.  thereafter.  These  values  are  based  on  the 
discharge,  Q,  as  given  in  Tables  11  to  14.  It  will  be  seen  that  these 
values  are  also  variable,  both  as  to  gauge  height  and  length  of  weir 
crest,  thus  again  indicating  the  fallacy  of  the  original  formula,  Q  = 
Clhh.  Table  1!»  contains  the  values  of  ('  of  Table  18  for  weirs  uji  to 
3  ft.  in  length  and  values  as  given  by  the  late  Hamilton  Smith,  M.  Am. 
Soc.  C.  E.,  for  the  larger  weirs.  The  tables  and  plates  given  herewith 
indicate  that  the  Francis  formula  is  not  applicable,  within  reasonable 
limits  of  accuracy,  for  gauge  heights  of  more  than  one-fourth  of 
the  length  of  the  crest,  and  also  that  the  errors  increase  with  the  size 
K)i  the  weir.  The  varying  values  of  C  indicate,  as  in  the  case  of  the 
('ippoletti  Weirs,  that  the  exponent,  .?,  in  the  formula,  Q  =  Clli'i.  is 
incorrect,  and  that  if  this  formula  is  used  it  will  be  necessary  to 
obtain  a  new  value  of  C  for  each  computation  of  discharge.  Owing 
to  the  proportionality  existing  among  the  various  values  of  discharge 
for  the  same  gauge  heights,  and  the  tendency  toward  one  equation 
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TABLE  14. — Gauge  Height  and  Discharge  for  3-Foot 
Rect.\ngular  Weir. 


Gauge 
height. 

Francis 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

Gauge 
height. 

Francis 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

0.011 

0.00 

0.00 

0.65 

5.13 

0.01 

0.01 

0.66 

5.35 

0.02 

0.04 

0.67 

5.87 

O.OM 

0.07 

0.68 

5.49 

0.04 

0.10 

0.69 

5.61 

0.05 

0.13 

0.70 

5.. 58 

5.73 

2.69 

0.06 

0.17 

0.71 

5.85 

0.07 

0.21 

0.72 

5.97 

0.08 

0.35 

0.73 

6.09 

0.09 

0.29 

0.74 

6.22 

0.10 

0.31 

0..33 

6.45 

0.75 

6.35 

0.11 

0.38 

0.76 

6.48 

0.12 

0.43 

0.77 

(..61 

0.13 

0.48 

0.78 

6.74 

0.14 

0.54 

0.79 

6.87 

0.15 

0.60 

0.80 

6.77 

7.00 

3.40 

0.16 

0.06 

0.81 

7.13 

0.17 

0.72 

0.82 

7.26 

0.18 

0.78 

0.83 

7.39 

0.19 

0.H4 

0.84 

7.52 

0.20 

0.88 

0.91 

3.41 

0.85 

7.65 

0.21 

0.98 

0.86 

7.78 

0.22 

1.05 

0.87 

7.91 

0.23 

1.12 

0.88 

8.05 

0.34 

1.19 

0.89 

8.19 

0.25 

1.26 

0.90 

8.02 

8.33 

3.87 

0.26 

1.33 

0.91 

8.47 

0.27 

1.41 

0.92 

8.61 

0.2K 

1.49 

0.93 

8.75 

0.29 

1.57 

0.94 

8.89 

o.-.io 

1.61 

1.65 

3.48 

0.95 

9.03 

0.31 

1.73 

0.96 

9.17 

0.32 

1.81 

0.97 

9.31 

0.33 

1.90 

0.98 

9.45 

0.34 

1.99 

0.99 

9.59 

0.35 

2.08 

1.00 

9.-32 

9.73 

4.40 

0.36 

2.17 

1.01 

9.87 

0.3T 

2.26 

1.03 

10.01 

0.38 

2.35 

1.03 

10.15 

0.39 

2.44 

1.04 

10.30 

0.40 

3.46 

2.53 

2.85 

1.05 

10.45 

0.41 

2.63 

1.06 

10.60 

0.42 

2.71 

1.07 

10.75 

0.43 

3.80 

1.08 

10.90 

0.44 

2.90 

1.09 

11.05 

0.45 

3.00 

1.10 

10.08 

11.30 

4.87 

0.46 

3.1U 

1.11 

11.35 

0.47 

3.20 

i.l3 

11.50 

0.48 

3.30 

1.13 

11.65 

0.49 

3.40 

1.14 

11.80 

0.50 

3.41 

3.50        :        2.64 

1.15 

11.95 

0.51 

3.i;o 

1.16 

12.10 

0.52 

8.70 

1.17 

13.35 

0.53 

8.80 

1.18 

13.40 

0.54 

3.90 

1.19 

13.55 

0.55 

4.01 

1.30 

13.08 

13.70 

5.13 

0.56 

4.12 

1.21 

13.85 

0.57 

4.33 

1.33 

13.00 

0.58 

4. .34 

1.33 

13.15 

0.59 

4.45 

1.24 

13.31 

0.60 

4.46 

4.. 56 

2.24 

1.25 

13.47 

0.61 

4.67 

1.26 

13.63 

0.62 

4.78 

1.27 

13.79 

0.63 

4.89 

1.28 

13.95 

0.64 

5.01 

1.29 

14.11 
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Gauge 
Ijeight. 

Francis 

formula 

discharge. 

Actual 
discharge, 

Percentage 

i>f 
difference. 

Gauge 
height. 

Francis 

formula 

discharge. 

Actual 
discharge. 

Percentage 

of 
difference. 

t.30 

13.52 

14.27 

5.55 

1.71 

21.19 

1.31 

14.43 

1.72 

21.37 

1.33 

14.59 

1.73 

21.. 55 

1.33 

14.75 

1.74 

21.73 

1.31 

14.91 

1.75 

21.91 

1.3.5 

15.07 

1.76 

22.10 

1.3fi 

15.23 

1.77 

22.29 

1.37 

15.39 

1.78 

22.48 

1.38 

15.55 

1.79 

22.67 

1.39 

15.71 

1.80 

21.23 

22.86 

7.68 

I.-IO 

15.00 

15.87 

5.8 

1.81 

23.05 

l.U 

16.03 

1.82 

23.24 

1.42 

16.19 

1.83 

23.43 

1.43 

16.35 

1.84 

23.62 

1.44 

16.51 

1.85 

23.81 

1.45 

16.68 

1.86 

24.  (K) 

1.4H 

16. a5 

1.S7 

24.20 

1.47 

17.02 

1.88 

24.40 

1.48 

17.19 

1.89 

24.60 

1.49 

17.36 

1.90 

22.85 

24.80 

8.53 

I..50 

1(!.53  ■ 

17.53 

6.0.5 

1.91 

25.00 

1.51 

17.70 

1.92 

25.20 

1.52 

17.87 

1.93 

25.40 

1.58 

18.04 

1.94 

25.60 

1.34 

18.21 

1 

1.95 

25.80 

1.55 

18.38 

1.96 

26.00 

1.56 

18.55 

1.97 

26.20 

1..57 

18.72 

1.98 

26.40 

1.5R 

18.89 

1.99 

26.60 

1.59 

19.06 

2.00 

24.48 

26.80 

9.48 

1.60 

18.06 

19.23 

6.48 

2.01 

27.00 

1.61 

19.40 

2.02 

27.20 

1.62 

19.57 

2.03 

27.40 

1.63 

19.75 

2.04 

27.60 

1.64 

19.93 

2.05 

27.81 

1.65 

20.11 

2.06 

28.02 

l.fi6 

20.29 

2.07 

28.23 

1.67 

20.47 

2.08 

28.44 

1.68 

20.65 

2.0!» 

28.65 

1.69 

20.8:-< 

2.10 

26.14 

28.86 

10.41 

1.70 

19.63 

21.01 

7.03 

in  the  ]o<i:aritlimic  curves,  it  is  recommended  tliat,  for  weirs  more  than 
;{  rt.  in  length,  the  equation,  8.242  ?/i.'-"''  he  used  ;  for  the  sinaHer  weirs, 
the  tables  give  the  desired  results. 

As  an  alternative,  Table  19  contains  the  values  of  C  for  various 
gauge  heights  and  sizes  of  weirs.  By  means  of  these  values,  discharge 
tables  may  be  prepai'ed  for  any  size  of  weir  up  to  19  ft.  in  length. 

In  the  foregoing  experiments,  no  attempt  has  been  made  to  develop 
a  formula  that  will  apply  to  all  weir.s,  but  merely  to  obtain  ratings, 
as  far  as  possible,  and  a  formula  or  table  that  may  be  used  with  a 
reasonable  degree  of  accuracy  for  large  weirs  with  heads  higher  than 
previously  tested.  In  this  manner  sufficiently  accurate  tables  can  be 
made  and  api)lied  to  irrigation  work. 
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TABLE  15. — Gauge  Height  and  Values  of  C  in  the  Formula, 

Q  =  Clhi 
Rectangular  Weirs. 


Series 

No. 

Run  No. 

Average 
gauge 
height. 

C. 

Series 
No. 

Run  No. 

Average 
gauge 

C. 

height. 

6-Inch  Weir. 

1-FooT  Weir.— (Con^^^?terf.) 

4 

10 

0.030 

3.462 

13 

8 

0.857 

3.130 

9 

0.042 

3.256 

7 

0.909 

3.109 

8 

0.082 

3.319 

6 

0.982 

3.108 

30 

0.110 

3.288 

5 

1.044 

3.124 

2 

0.112 

3.307 

2 

1.126 

3.133 

1 

0.117 

3.192 

4 

1.130 

3.128 

31 

0.154 

3.174 

3 

1.205 

3.158 

3 

0.W6 

3.247 

20 

1.233 

3.135 

7 

0.170 

3.081 

1 

1.338 

3.147  . 

32 

0.208 

3.143 

29 

0.231 

3.009 

2- Foot  Weir. 

4 

0.236 

3.139 

43 

0.268 

3.112 

14 

19 

0.059 

3.331 

28 

0.309 

3.050 

1 

0.081 

3.500 

42 

0.328 

3.119 

2 

0.104 

3.438 

27 

0.346 

3.065 

3 

0.107 

3.382 

5 

0.348 

3.147 

20 

0.214 

3.318 

41 

0.398 

3.106 

4 

0.233 

3.334 

26 

0.405 

3.088 

5 

0.294 

3.278 

40 

0.442 

3.110 

6 

0.395 

3.356 

25 

0.446 

3.088 

7 

0.510 

3.243 

36 

0.472 

3.114 

15 

0.549 

3.176 

24 

0.487 

3.108 

8 

0.573 

3.207 

39 

0.498 

3.090 

9 

0.717 

3.186 

6 

0.499 

3.132 

16 

0.886 

3.141 

34 

0.524 

3.127 

10 

0.910 

3.162 

23 

0.564 

3.083 

11 

1.102 

8.152 

22 

0.572 

3.102 

12 

12 

0.574 

3.113 

17 

'i!i85 

'siiss 

33 

0.604 

3.119 

13 

1.283 

3.124 

38 

0.638 

3.132 

14 

1.429 

3.094 

35 

0.661 

3.145 

18        1        1.574 

3.130 

37 

0.662 

3.130 

11 

0.678 

3.128 

3-FooT  Weir. 

21 

0.682 

3.125 

16 

0.751 

3.135 

15 

6 

0.101 

3.. 531 

13 

0.774 

3.142 

8 

0.198 

3.398 

17 

0.803 

3.141 

7 

0.310 

3.308 

14 

0.866 

3.132 

4 

0.385 

3.367 

18 

0.902 

3.163 

5 

19 

0.955 

3.157 

3 

'6!426 

'3!337 

15 

0.992 

3.168 

9 

0.452 

3.391 

20 

0.999 

3.169 

2 

0.468 

3.333 

1 

0.482 

3.323 

1-FooT  Weir. 

10 

0.614 

3.363 

21 

0.690 

3.255 

13 

16 

0.056 

3.383 

12 

0.826 

3.257 

18 

0.102 

3.129 

11 

0.950 

3.244 

17 

0.142 

3.327 

13 

1.190 

3.221 

14 

0.189 

3.248 

19 

1.382 

3.198 

15 

0.324 

3.178 

18 

1.401 

3.185 

13 

0.416 

3.157 

17 

1.606 

3.167 

12 

0.518 

3.138 

20 

1.609 

3.169 

10 

0.571 

3.146 

16 

1.820 

3.145 

11 

0.714 

3.124 

14 

3.058 

3.160 

9 

0.775 

3.122 

15 

2.061 

3.157 

19 

0.822 

3.131 
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TABLE  16. — Equations  and  Location  of  Breaks 
IN  Logarithmic  Curves. 

Rectangular  Weirs. 


Equation. 


Gauge  height  of  break. 


Gauge  height  of  break 

divided  by  length  of 

weir  crest. 


<i-lNCH  Weir. 


2.956  //il« 
3  J 34  m-'^o 
3.170  «Ai»2 


0.328 
0.572 


0.fi56 
1.144 


1-FooT  Weir. 


3.084  Ih^" 
3.123  /feil9 
3.126  Ih^-^^ 


0.540 
0.982 


2-FooT  Weir. 


3.048  Ih^*'^ 

3.146  Ih^-^ 

3.147  Z/il" 


0.107 
0.443 


3-FooT  Weir. 


3.242  Ih^*''' 
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TABLE  17. — Gauge  Heights  and  Discharge  for 
Rectangular  Weirs. 


Gauge 

height,  in 

feet. 

Discharge  of 

Discharge  of 

Discharge  of 

Discharge  of 

6-in.  weir. 

1-ft.  weir. 

2-ft.  weir. 

3-ft.  weir. 

0.00 

0.000 

0.000 

0.00 

0.00 

0.05 

0.018 

0.037 

0.08 

0.13 

0.10 

0.051 

0.103 

0.21 

0.33 

0.1.5 

0.093 

0.188 

0.38 

0.60 

0.20 

0.142 

0.287 

0.58 

0.91 

0.25 

0.19.5 

0.398 

0.83 

1.26 

0.30 

0.254 

0.521 

1.08 

1.65 

0.35 

0.318 

0.658 

1.35 

2.08 

0.40 

0.391 

0.801 

1.65 

2.53 

0.45 

0.469 

0.950 

1.95 

3.00 

0.50 

0.551 

1.111 

2.27 

3.50 

0.55 

0.636 

1.282 

2.62 

4.01 

0.60 

0.725 

1.459 

2.98 

4.57 

0.65 

0.818 

1.640 

3.34 

5.13 

0.70 

0.916 

1.8.30 

3.74 

5.73 

0.75 

1.018 

2.028 

4.14 

6.35 

0.80 

1.125 

2.233 

4. .54 

7.00 

0.85 

1.235 

2.448 

4.96 

r.65 

0.90 

1.350 

2.668 

5.41 

8.33 

0.95 

1.465 

2.892 

5.86 

9.03 

1.00 

1.584 

3.125 

6.31 

9.73 

1.05 

3.362 

6.76 

10.45 

1.10 

3.609 

7.25 

11.20 

1.15 

3.860 

7.75 

11.5)5 

1.20 

4.119 

8.25 

12.70 

1.25 

4.387 

8.75 

13.47 

1.30 

4.664 

9.27 

14.27 

1.35 

9.80 

15.07 

1.40 

10.35 

15.87 

1.45 

10.90 

16.68 

1.50 

11.45 

17.53 

1.55 

12.00 

18.38 

1.60 

19.23 

1.65 

20.11 

1.70 



21.01 

1.75 

21.91 

1.80 

22.86 

1.85 

23.81 

1.90 

24.80 

1.95 

25.80 

2.00 

26.80 

2.05 

27.81 

2.10 

28.86 
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TABLE  IS. — Gauge  IIkk.iits  and  Values  of  0  in  the  Formula, 
.■I 
Q  =  Clh^,  FOR  THE  Rectangulak  VVeik. 


(irtiige  height. 

Length  op  Weir,  in  Feet. 

6-in. 

1-ft. 

2-ft. 

3-ft. 

(1.05 

3.214 

3.301 

3.571 

3.335 

0.10 

3.838 

3.259 

3.322 

3.481 

0.15 

3. 001 

3.230 

3.270 

3.442 

0.2O 

3.177 

3.210 

3.103 

3.393 

0.25 

3.120 

3.184 

3.320 

3.360 

0..W 

3. 0112 

3.171 

3.286 

3.:M7 

O.-IO 

3.091 

3.160 

3.201 

3.3:« 

0.50 

3.110 

3.142 

3.210 

3.299 

0.00 

3.119 

3.139 

3.206 

3.270 

o.:o 

3.128 

3.124 

3.192 

3.261 

0.80 

3.145 

3.121 

3.172 

3.261 

O.i)0 

3.1C2 

3.125 

3.168 

3.252 

1.0 

3.108 

3.125 

3.1.55 

3.243 

1.1 

3.128 

3.142 

3.236 

1.2 

3.134 

3.i;« 

3.220 

1.3 

3.147 

3.127 

3.209 

1.4 

3.124 

3.193 

1.5 

3.115 

3.179 

l.ti 

3.167 

1.7 

3.160 

1.8 

3.155 

1.9 

3.1,56 

2.0 

3.159 

2.1 

3.161 

'I'AHLK     111. — COEFFICIENT.S    FOR    WKIRS    WITH    TwO    COMPLETE   END 

3 

CONTRACTIONS,   FOR  USE   IN   THE    FORMULA,  Q  =z  Glh^ . 


H=Head. 

L=Length  of 

Weir,  in  Feet. 

e-in. 

1-ft. 

2-ft. 

3-ft. 

4-ft. 

5-ft. 

7-ft. 

10-ft. 

15-ft. 

19-ft, 

0.05 

3.214 

3.304 

3.571 

3.335 



0.10 

3.8:-58 

3.2.59 

3.322 

3.481 

3.494 

3.494 

3.499 

3.504 

3.504 

3.510 

0.15 

3.601 

3.2.36 

3.270 

3.442 

3.419 

3.424 

3.424 

3.429 

3.435 

3.435 

0.20 

3.177 

3.210 

3.163 

3.393 

3.. 376 

3.376 

3.381 

3.386 

3.392 

3.392 

0.25 

3.120 

3.184 

3.320 

3.. 360 

3.344 

3.349 

3.354 

3.3()0 

3.360 

3.365 

0.80 

3.092 

3.171 

3.286 

3.347 

3.322 

3.322 

3.3a3 

3.338 

3.. 338 

3.344 

0.40 

3.091 

3.166 

3.261 

3.333 

3.285 

3.290 

3.301 

3.306 

3.312 

3.. 317 

0.50 

3.116 

3.142 

3.210 

3.299 

3.264 

6.269 

3.280 

3.290 

3.295 

3.301 

0.60 

3.119 

3.139 

3.206 

3.270 

3.247 

3.25:3 

3.269 

3.280 

3.285 

3.290 

0.70 

3.128 

3.124 

3.192 

3.261 

3.231 

3.242 

3.25S 

3.274 

3.280 

3.285 

0.80 

3.145 

3.121 

3.172 

3.261 

3.221 

3.231 

3.247 

3.269 

3.274 

3.280 

(1.90 

3.162 

3.125 

3.168 

3.252 

3.210 

3.226 

3.242 

3.258 

3.269 

3.274 

1.0 

3.168 

3.125 

3.155 

3.ai3 

3.199 

3.215 

3.231 

3.253 

3.264 

3.269 

1.1 

3.128 

3.142 

3.230 

3.189 

3.205 

3.226 

3.242 

3.258 

3.264 

1.2 

3.134 

3.1.38 

3.220 

3.178 

3.194 

3.215 

3.237 

3.253 

3.264 

1.3 



3.147 

3.127 

3.209 

3.167 

3.199 

3.205 

3.231 

3.247 

3.258 

1.4 

3.124 

3.193 

3.156 

3.178 

3.199 

3.221 

3.242 

3.258 

1.5 

3.115 

3.179 

3.1.51 

3.167 

3.189 

3.215 

3.237 

3.25:3 

1.6 

3.167 

3.140 

3.162 

3.183 

3.210 

3.231 

3.247 

1.7 

3.160 

3.178 

3.205 

3.226 

3.247 

1.8 

3.155 



1.0 

3.156 

2.0 

3.1.59 

2.1 

3.161 
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In  reinforced  concrete  construction,  the  importance  of  lessening  the 
cost  of  forms  has  long  been  recognized.  A  recent  effort  in  this  direc- 
tion lias  resulted  in  a  system  of  construction  in  which  columns  and 
stems  of  beams  and  girders  are  cast  on  the  ground.  These  units,  when 
liard,  are  hoisted  into  place  and  set  in  mortar  or  grouted.  The  concrete 
skeleton  or  framework  thus  erected  supports  the  forms  for  the  floor- 
slab,  which  is  then  cast  in  place.  The  slab  rests  on  the  beam  and 
girder  stems,  and  is  secured  to  them  by  the  customary  web  reinforce- 
ment— stirruiKs  and  bent-up  or  trussed  tension  rods. 

Tn  the  ordinary  beam  and  girder  type  of  floor,  the  slab,  besides 
receiving  the  live  load  and  distributing  it  to  the  beams,  performs  the 
important  function  of  acting  as  compression  flange  for  the  beams  and 
girders.  In  the  system  just  described,  however,  a  horizontal  construc- 
tion joint  exists  between  the  slab  or  flange  and  the  stem  below,  due 
to  the  lai)se  of  several  days  between  the  casting  of  the  two.  This 
forces  to  the  front  the  question  whether  this  joint  can  transmit  safely 
the  horizontal  shear  necessary  to  make  the  slab  and  stem  act  together 
as  a  beam,  as  in  an  ordinary  monolithic  floor. 


Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion   in  full,  will   be  published   in   Transactions. 
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This  paper  is  a  record  of  tests  which,  among  other  things,  seems 
to  show  clearly  that,  under  conditions  readily  met  in  practice,  the 
answer  to  this  question  is  in  the  affirmative.  These  results  are  so 
strikingly  a.t  variance  with  ideas  previously  widely  held  that  a  full 
account  of  the  conditions  of  the  tests  must  be  included. 

These  tests  were  undertaken  under  the  following  circumstances : 

In  December,  1911,  a  Boston  company  had  contracts  for  two 
buildings  on  which  it  was  proposed  to  use  the  unit  construction.  J.  R. 
Worcester  and  L.  J.  Johnson,  Members,  Am.  Soc.  C.  E.,  were  retained 
as  Consulting  Engineers  on  the  general  design  of  the  unit  construc- 
tion work.  At  their  instance,  a  series  of  tests  was  undertaken  by  the 
writers,  in  the  laboratory  of  the  School  of  Engineering  at  Harvard 
University,  to  investigate  the  strength  in  shear  of  the  horizontal  joint 
between  stem  and  floor-slab  necessarily  involved  in  this  type  of 
construction. 

As  work  on  one  of  the  two  buildings  had  to  go  on  without  delay, 
it  was  agreed,  pending  the  completion  of  the  tests,  to  introduce  the 
precautionary  measure  of  increasing  the  shear  resistance  of  the  con- 
struction joints  by  corrugating  the  tops  of  the  stems  in  a  manner 
similar  to  that  shown  in  Fig.  1  (Types  A  and  B)  and  in  Fig.  1,  Plate 
XXX.  Thus  work  was  begun.  The  tests  soon  made  it  clear,  however, 
that  the  corrugations  were  unnecessary,  and  they  were  omitted  in  subse- 
quent construction. 

Objects  of  Tests. — The  specific  objects  of  the  tests  were  three: 

1. — To    determine   whether   the   type    of   construction   going   into 

the  building,  involving  the  corrugated  joint  between  the  stem 

and  the  slab,  was  safe; 
2. — To  determine  whether  it  would  be  safe  to  dispense  with  the 

corrugations  and  use  instead  a  smooth,  that  is,  an  ordinary, 

untreated  joint;  and 
3. — To  discover,   if  possible,  how  high   a   shearing   stress   such   a 

smooth  joint  can  resist. 

Types  of  Test  Beams. — For  the  tests,  three  types  of  beams,  A,  B, 
and  C,  were  made. 

Type  A  beams  were  designed  by  the  Boston  company  primarily 
for  the  first  and  second  objects  stated.  Accordingly,  their  design  was 
similar  to  that  of  the  beams  going  into  the  buildings. 
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Fig.   1. — Reixforcement  ov  Thkeii.   Type  B  Beams  After 

THE    Test.      The    Cutting    or    Removal    of    the 

Stirrups  occurred  in  Disengaging  the 

Steel      from      the      Concrete. 


Kk;.   -1. — Top   Sl  kface   of   Stem   of   Deam   No.    l(i,   Showt.ng   Qi'alxtv  of   Surface 
OF  A  "Smooth"  Joint. 
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Type  B  beams,  designed  by  the  authors,  were  intended  primarily 
for  the  third  object,  and  all  the  stresses  were  kept  low  in  comparison 
with  the  shearing  stress  in  the  stem,  in  order  that  the  shear  on  the  joint 
might  n'ach  a  liigh  valiii'  hd'ore  the  beam  failed  from  any  other  cause. 


2-^'^'  round  rod« 


TYPE  A  BEAMS 
4- Boa  Ills  Willi  siiiootli  joints.  Nos.  1-4. 
4-I5eaiiis  with  corriigatod  .joints.  Nos.  5-8. 
4-Beaius  monolithic     Nos.  9-12. 


DETAIL  OF 
CORRUGATED   JOINT. 


-A- 


I     I     '        I        I  T  I 


•'--  +  — l--'--i-/4--.--t 


XI- 


sJJl.Nrrr+.lil- 


.^^ 


.<).-4--4.-4— f- 


%  sq.  tw.  Stirrups 
i'c.C. 


2-1  sq.  tw.  rods 


TYPE  B  BEAMS 
4-Beums  with  smooth  joints.       Nos.  13-16. 
4 -Beams  with  corrugated  joints.    Nos.  17-20. 
4-Beams  inonolitliic      Nos.  21-24. 


i-Yu^  rods 


DETAIL  OF 
CORRUGATED   JOINT. 


,  --y  A        -I      I  Vli  I  I  J,  I     !    !  I 


-13^^>1^13V 


-I — ' — if-^. —  ■'  '\   \X — h^' 


X^<p  Stirrups 
5}i  C.C. 


T      ^3-5i"sq.  tv 
^  2-3^' sq.  tw,  1- 


tw. rods 
ods 


-8'4- 


TYPE  C  BEAMS 
2- Beams  with  smooth  joints.  Nos.  25-26. 
2- Beams  monolithic     Nos.  27-28. 

Fifi.  1. 


Type  C  beams,  made  and  tested  at  the  request  of  the  patentees 
of  this  system  of  unit  construction,  were  four  in  number  (Nos.  25 
to  28).     They  differed  from  the  Type  A  beams  in  putting  the  larger 
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rods  of  the  main  reinforcement  in  the  upper  of  the  two  layers  and 
turning  them  up  for  diagonal  web  reinforcement,  instead  of  having 
the  smaller  rods  in  this  position.  They  differed  further  in  having 
smaller  rods  for  the  stirrups.  In  other  words,  the  significant  dif- 
ference between  Types  A  and  C  is  in  the  web  reinforcement,  Type  C 
having  more  steel  in  the  diagonal  bars  and  less  in  the  stirrups  than 
Type  A. 

Twelve  beams  of  Type  A,  numbered  1  to  12,  and  twelve  of  Type  B, 
numbered  13  to  24,  were  made- — four  of  each  type  with  smooth  joints, 
four  with  corrugated  joints,  and  four  cast  without  joints,  that  is,  of 
the  usual  monolithic  type.  Of  Type  C,  two  beams  were  made  with 
smooth  joints,  and  two  were  cast  monolithic. 

The  designs  of  the  three  types,  with  the  essential  dimensions,  are 
fully  shown  in  Fig.  1.  The  positions  of  the  loads  and  supports  are 
also  shown. 

Materials. — The  coarse  aggregate  consisted  of  broken  slate  of  only 
fair  quality,  dusty  and  somewhat  scaly.    In  size  it  was  1  in.  and  less. 

The  sand  was  of  good  quality,  and  very  similar  in  appearance  to  the 
Plum  Island  sand  in  common  use  about  Boston. 

Lehigh  Portland  cement  was  used.  A  test  of  the  cement  showed 
it  to  meet  the  specifications  of  the  American  Society  for  Testing 
Materials. 

The  main  steel  reinforcement  was  of  square  twisted  rods,  said  to 
be  cold-twisted.  Measurements  of  the  deformation  of  the  steel  during 
the  test  of  the  beams  indicated  an  elastic  limit  in  the  neighborhood 
of  from  45  000  to  50  000  lb.  per  sq.  in.  The  steel  for  each  beam  was 
assembled  and  wired  together  in  a  frame  before  being  placed  in  the 
forms. 

The  forms  were  of  2-in.  plank  designed  so  as  to  be  easily  stripped 
and  re-assembled.  Pour  beams  or  stems  were  cast  at  a  time.  The 
forms  were  oiled  each. time  before  the  steel  frame  was  placed. 

Construction  of  Test  Beams. — The  concrete  was  mixed  by  hand  in 
small  batches,  the  materials  being  measured  carefully  The  mixture 
was  what  is  commonly  known  as  1:2:4  by  volume,  that  is,  2  cu.  ft. 
of  sand  and  4  eu.  ft.  of  stone  to  a  bag  of  cement.  Enough  water  was 
used  to  make  the  mass  wet  all  through,  easy  to  handle  and  spade  in 
the  forms,  but  not  sloppy. 

In  order  to  get  the  main   reinforcing  rods   into  the  narrow  4-in. 
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Fk;.  1. — Tui'  oi'  Stem  oi'  LiiiAM  Xo.  17,  Showing  a  "Ct)i!RrGATi-.D"  .Joint. 
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stem,  they  had  to  be  placed  so  close  to  one  another  (Fig.  1,  Plate 
XXIX)  that  the  stone  could  not  be  tamped  or  spaded  down  between 
thcin.  Clear  mortar,  mixed  1  :  2,  was  accordingly  used  in  the  bottom  of 
the  stem,  up  to  the  top  of  the  main  rods.  The  concrete  was  placed  on 
top  of  the  mortar  and  jiuddled  with  trowels  and  small  rods,  in  order  to 
eliminate  voids  and  secure  thorough  bond  with  the  steel. 

The  top  of  the  stem  was  leveled  off  in  the  case  of  the  "smooth 
joint"'  beams,  but  not  troweled.  The  quality  of  the  surface  is  shown 
clearly  in  Fig.  2,  Plate  XXIX. 

To  make  the  corrugations  shown  in  the  design  and  in  Fig.  1,  Plate 
XXX,  beveled  blocks  of  wood  were  pressed  down  into  the  forms,  flush 
with  the  top  of  the  stem,  and  the  concrete  between  the  blocks  was 
leveled  off. 

The  surfaces  of  the  joints  were  not  subsequently  brushed,  or 
scraped,  or  treated  in  any  way,  except  that  they  were  thoroughly  wet 
just  before  placing  the  concrete  of  the  slab.  The  stems  of  the  jointed 
beams  of  Types  A  and  G  were  set  in  concrete,  end-supporting  blocks, 
in  pockets,  and  grouted  before  the  slab  was  poured.  The  bottom 
of  the  slab,  when  it  was  poured,  came  in  direct  contact  with  the  tops 
of  these  blocks.  The  beams  of  Type  B,  however,  were  set  in  mortar 
in  the  concrete,  end-supporting  blocks,  after  the  slab  was  hard.  The 
general  appearance  of  the  three  types  is  shown  by  Figs.  1,  2,  and  3, 
Plate  XXXI. 

Table  1  gives  the  dates  on  which  the  several  stems,  slabs,  and  beams 
were  east. 

TABLE  1. — Dates  of  Casting  Test  Beajis. 


January   8, 1912 Stems 

9,  1913 

10,  191*J 

11,  1912 

13,  1912 (Beams 

17,  1912 jSlabs 

18,1912 
19,  1912 
21.  1912 

23,  1913 Beams 

25,1912 Sterns 

27,  1912 .Beams 

29,  1912 Slabs 


1,    3,    .3,    4 

5,  6,  7,  8 
13,  14,  15,  16 
17,  18,  19,  20 

9,  10,  11,  12. 

1,    2,    3,    4 

5,  6,  7,  8 
13,  14,  15,  10 
17,  18,  19,  20 
21,22,23,24, 

25,  26 

27,  28. 

25,  26 


(smooth'), 
(corrugated), 
(smooth), 
(corrugated). 

Age  of  stem,   9  days. 

"  "  "  9  " 
"  "  "  9  " 
"     "      "      10    " 

(smooth). 

Age  of  stem,  4  days. 


The  forms  were  usually  removed  in  from  20  to  24  hours.  The 
beams  were  stored  in  the  basement  where  they  were  made,  and  no 
special  provision  was  made  for  keeping  them  wet. 
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The  workmanship  was  of  commercial  grade,  perhaps  somewhat, 
though  not  significantly,  better  than  is  secured  in  most  reinforced 
concrete  work.  The  workmen  were  carpenters  experienced  in  concrete 
work,  one  of  them  a  general  foreman  for  reinforced  concrete  building 
construction.  Although  no  laboratory  refinements  were  used  in  the 
manufacture  of  the  test  beams,  the  workmen  knew  the  purpose  for 
which  they  were  being  made,  and,  accordingly,  were  careful.  •  On 
the  other  hand,  they  were  pushed  to  a  time  schedule  of  four  beams 
a  day,  which  required  the  utmost  speed  of  which  they  were  capable, 
and  which  in  the  later  stages  was  impossible  of  attainment,  due  to 
the  slow  hardening  of  the  concrete.  To  this  hurry,  are  due  slight 
imperfections  in  workmanship  which  appeared  later.  These  imperfec- 
tions were  of  three  kinds : 

1. — The  steel  was  sometimes   slightly  misplaced; 

2. — In  a  few  of  the  Type  B  beams  it  was  observed  that  the  slab 
was  not  exactly  perpendicular  to  the  stem;  and 

3. — A  slight  curvature  of  the  beam  in  plan  was  noticed  in  one 
or  two  cases. 

Testing. — The  beams  were  tested  in  two  groups.  The  first  tests 
were  made  on  February  22d  and  23d.  Eleven  beams  were  tested  at  this 
time,  which  sufficed  to  show  that  the  type  of  construction  going 
into  the  building  was  safe,  and  that  the  joints  did  not  need  to  be 
corrugated.  The  remaining  beams  were  reserved  to  allow  the  concrete 
to  become  stronger.  These  were  tested  during  the  week  of  April  15th, 
except  Beams  21,  26,  and  28  which  were  tested  on  May  4th. 

The  beams  were  tested  in  the  200  000-lb.,  Olsen  testing  machine 
in  Pierce  Hall,  Harvard  University.  The  beam  supports  consisted 
of  rockers,  which  ensured  a  vertical  reaction  at  the  ends  of  the  beam 
in  all  cases  except  that  of  Beam  2.  During  the  test  of  this  beam, 
the  supports  rocked  back  to  the  flat  portion  of  the  rocker,  giving 
the  reaction  sufiicient  horizontal  component  toward  the  center  of  the 
span  to  cause  the  concrete  supporting  block  to  spall  off  with  a  vertical 
crack  above  the  rocker.  This  may  have  contributed  somewhat  to  the 
high  result  with  this  beam,  but  the  writers  do  not  believe  that  the 
error  involved  is  large,  and  the  beam  has  accordingly  been  averaged 
with  the  rest  without  modification. 

Between  the  rocker  and  the  concrete  was  interposed  in  each  case 
a  steel  plate  and  a  cushion  of  |-in.  whitewood  to  distribute  the  pressure. 
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Fig.   1. — Type  A,   Beam   No.   6. 


Fig.    2. — Typk    U,    Beam    No.    IS. 


Fig.   3. — Type  C,  Beam  No.   27. 
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The  load  was  transmitted  from  the  movable  head  of  the  testing 
inachino  by  a  pair  of  8-in.  I's  to  two  steel  rollers,  each  8  in.  from 
the  center  of  tlie  span,  thence  down  through  a  steel  plate  and  white- 
wood  cushion  to  the  top  of  the  beam.  This  arrangement  which  is 
shown  on  top  of  beam  No.  27,  Fig.  3,  Plate  XXXI,  worked  satisfactorily 
in  all  cases. 

The  rate  of  application  of  the  load  was  from  2  500  to  3  500  lb.  per 
niin.  for  beams  of  Tjqjes  A  and  G,  and  from  5  000  to  5  500  lb.  per  min. 
for  Type  B  beams,  the  increase  in  rate  being  due  to  the  greater  stiffness 
uf  the  shorter  beams.  For  some  beams  the  load  was  removed  after 
reaching  the  maxinuiin,  and  re-applied  at  a  rate,  for  the  second  and 
subsequent  applications,  some  four  times  as  fast  as  for  the  first 
loading. 

Phenomena  of  Tests. — The  behavior  of  the  beams  during  the  ap- 
plication of  the  load  was  remarkably  uniform.  Vertical  cracks  at  the 
lower  edge  were  sometimes  in  evidence  before  any  load  was  applied, 
but  usually  appeared  near  the  center  of  the  span  when  the  load 
was  from  5  000  to  10  000  lb.  These  were  often  spaced  at  regular 
intervals  of  from  4  to  6  in.,  corresponding  probably  to  stirrup  locations. 

The  next  characteristic  event  was  the  appearance  of  short  fine 
diagonal  cracks  at  mid-height  of  the  stem  in  the  region  of  high  shear 
outside  the  loads.  They  were  first  observed  at  a  load  of  from  15  000 
to  20  000  lb.  As  no  extraordinaiy  pains  had  been  taken  to  make  such 
cracks  readily  visible,  the  actual  break  in  the  concrete  may  have  come 
earlier. 

As  the  load  increased,  these  short  cracks  extended  both  up  and 
down;  and  sometimes,  but  not  always,  joined  the  vertical  cracks  pre- 
viously observed.  They  became  at  the  same  time  more  numerous  and 
wider. 

Up  to  this  point,  the  behavior  of  the  three  types  of  beams  was 
substantially  the  same.  As  the  load  approached  the  maximum,  how- 
ever, the  phenomena  varied.  In  the  Type  A  beams,  one  or  two  vertical 
cracks  developed  at  the  center,  widening  and  extending  upward  toward 
the  fillets.  Coincident  with  the  load  reaching  the  maximum,  the  top 
surface  of  the  beam  began  to  flake  up  between  the  loads,  and  short 
horizontal  cracks  appeared  on  the  side  of  the  slab,  indicating  crushing 
of  the  concrete.  This  is  shown  in  the  photograph  of  the  center  of 
Beam  4,  Fig.  2,  Plate  XXX. 


208  SHEAR  TESTS  OK  JOINTS   ]X    J-BEAM   STEMS  [Papers. 

Beams  9  and  12  failed  prematurely  by  spalling  off  the  lower  corner 
of  the  stem  within  the  concrete  supporting  blocks,  just  outside  of  the 
curved  ends  of  the  lower  main  rods,  as  shown  by  Fig.  1,  Plate  XXXII. 

In  the  Type  B  beams,  the  development  of  the  diagonal  cracks  was 
the  most  important  feature,  as  the  load  approached  the  maximum, 
until  it  was  noticed  that  the  main  rods  were  slipping.  In  some  cases 
the  ends  of  the  rods  were  uncovered  and  a  crack  between  the  end  of 
the  rod  and  the  concrete  was  direct  evidence  of  the  slipping.  Slip- 
ping was  also  indicated  by  the  cracking  and  flaking  of  the  concrete  at 
the  end  of  the  beam  caused  by  the  wedging  action  of  the  twisted  rods. 
Both  kinds  of  evidence  are  presented  in  Fig.  2,  Plate  XXXII. 

After  the  development  of  numerous  diagonal  cracks,  after  the  rods 
began  to  slip,  and  after  the  maximum  load  was  passed,  the  surface 
of  the  stem  frequently  began  to  flake  ofl",  indicating  crushing  in  a 
diagonal  direction.  Fig,  1,  Plate  XXXIII,  shows  this  phenomenon 
clearly. 

After  the  maximum  load  had  been  passed  with  a  few  of  the  beams,, 
the  load  was  taken  off  and  re-applied  several  times.  The  toughness 
of  reinforced  concrete  construction  is  well  illustrated  by  the  high 
loads  these  beams  were  able  to  carry  even  when  they  had  been  badly 
shattered  by  repeated  loadings. 

Beams  15,  16,  17,  and  23  spalled  off  outside  the  curve  of  the  main 
rods  in  the  supporting  blocks,  but  it  is  probable  that  slipping  of  the 
rods  occurred  before  the  spalling,  and  was  the  direct  cause  of  it. 

In  some  of  the  Type  B  beams,  a  fine  horizontal  hair  crack  was 
observed  at  the  end  of  the  beam,  level  with  the  bottom  of  the  slab, 
when  the  loading  was  well  advanced.  This,  however,  appeared  in  the 
monolithic  as  well  as  the  jointed  beams;  it  seemed  to  have  no  connec- 
tion whatever  with  the  failure  of  the  beam,  and  ^lo  significance  is  at- 
tached to  it.  It  was  doubtless  one  of  the  local  effects  of  the  heavy 
concentration  of  the  loads. 

In  the  Type  G  beams,  as  the  load  approached  the  maximum,  the 
diagonal  cracks  opened  rapidly  and  the  surface  of  the  stem  flaked 
off,  followed  closely  by  crushing  of  the  concrete  at  the  top  of  the 
flange  at  mid-span.  The  flaking  of  the  stem-surface  was  particularly 
marked  where  the  truss  rods  turned  up,  and  is  shown  in  Fig.  2,  Plate 
XXXIII. 

The  numerical  results  of  the  tests  are  briefly  set  forth  in  Table  2. 
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Fig.    1. — Premature    Failure    of    Beam    No.    9    at    the    End.      Note    Develop- 
ment OF  Typical   Diagonal   Cracks.      The   Chalk   Figures   on   the 
Beam   Indicate  the  Total  Loads,  in  Thousands  of  Pounds, 
When  the  Cracks  Were  First  Observed. 


Fig.    2. — Evidence   That   the    Rods    Slipped   in  at   Least   Some   of   the  Type 

B  Beams.     Note  the  Opening  Above  the  Ends  of  the 

Hooks    of   the    Reinforcing    Rods. 
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TABLE  2. — XuMEiucAL  Results  of  Tests. 
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*  Taking  into  account  the  actual  placing  of  the  steel. 
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TABLE  2.— (Continued.) 
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*  Taking  into  account  the'actual  placing  of  tlie  steel. 

Discussion  of  Test  Data. — Columns  1,  2,  and  3  of  Table  2  need  no 
explanation.  Columns  4  and  5  give  the  ages  of  the  stem  and  slab, 
respectively,  when  the  beam  was  tested.  The  difference  between  the 
two  in  any  one  line,  gives  the  age  of  the  stem  when  the  slab  was  cast. 
Column  6  gives  the  total  load  carried  by  the  beam,  exclusive  of  its 
own  weight. 

The  unit  stresses  shown  in  Columns  7  to  12  are  computed  from 
the  maximum  load,  as  given,  on  the  assumptions  ordinarily  used  in 
the  design  of  reinforced  concrete  beams.  These  include  the  assump- 
tion of  straight  line  or  planar  distribution  of  stress  in  the  concrete, 
and  a  value  of  15  for  the  ratio  of  modulus  of  elasticity  of  steel  to 
that  of  concrete.  Columns  7,  8,  and  9  are  based  on  a  beam  cross- 
section  in  accordance  with  the  design.  It  was  observed,  however, 
that  the  position  of  the  main  rods  varied  somewhat  from  that  in- 
tended. The  actual  position  of  these  rods  was  carefully  ascertained, 
and  the  stresses  on  the  actual  cross-section  thus  determined  are  given 
in  Columns  10,  11,  and  12. 

The  columns  headed  "Steel"  record  the  unit  tension  in  the  main 
rods.  Those  headed  "Concrete"  give  the  maximum  unit  compression  in 
the  concrete  at  the  top  of  the  slab.    The  columns  headed  "Shear"  give 
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the  unit  horizontal  ajid  vertical  shear  in  the  stem.  This  is  also  the 
intensity  of  the  shear  on  the  joint  between  the  stem  and  the  slab 
(in  those  beams  which  have  a  joint),  the  strength  of  which  it  is  the 
purpose  of  these  tests  to  investigate,  and  tlie  intensity  of  the  diagonal 
tension  in  the  web,  as  ordinarily  computed. 

From  the  unit  shear  may  be  obtained,  if  it  is  desired,  the  unit 
iidhesion  on  the  two  straight  rods  by  multiplying  the  shear  for  Type 
.1  beams  by  3,  for  Type  B  beams  by  i,  and  for  Type  C  beams  by  1. 
It  will  be  observed  that  both  the  adhesion  and  the  shear  ran  high,  the 
former  to  559  lb.  per  sq.  in.,  the  latter  to  8S.S  lb.  per  sq.  in. 

Cause  of  Failure. — Type  A. — The  last  column  of  the  table  gives  what 
appeared  to  be  the  immediate  cause  of  failure.  It  is  often  difficult 
to  determine  with  certainty  the  one  feature  in  the  design  of  a  beam 
which  would  most  need  strengthening  in  order  to  increase  the  strength 
of  the  beam.  While  most  of  the  failures  of  Type  A  beams  are  ascribed 
to  crushing-  of  the  concrete,  for  the  reason  that  the  crushing  was  the 
immediate  visible  forerunner  of  the  maximum  load  attainable  in  the 
testing  machine,  yet  it  seems  certain  that  in  all  cases  the  elastic  limit 
of  the  steel  was  overstepped,  leading  to  a  rising  neutral  axis,  a 
diininisliing  compression  area,  and  a  consequent  premature  crushing. 
To  what  extent  the  stretch  of  the  steel  was  responsible  for  failure  can- 
not be  told,  but  it  probably  was  the  prime  cause  in  all  cases.  It  is  not 
essential  to  this  investigation  to  know. 

Two  of  the  Type  A  beams  failed  in  the  supports,  as  noted,  by 
spalling  off  the  lower  corner  of  the  stem  below  and  outside  of  the 
curve  of  the  lower  rods. 

Cause  of  Failure. — Type  B. — The  primary  cause  of  failure  of  the 
Type  B  beams  was  probably  slipping  of  the  main  tension  rods,  although 
this  was  not  observed  in  all  cases  before  the  maximum  load  was  at- 
tained. The  further  destruction  of  the  stem  and  slab  by  cracking  and 
crushing  under  continued  application  of  the  load,  cannot  be  regarded 
as  the  cause  of  failure.  There  is  every  probability  that,  if  the  same 
amount  of  steel  had  been  secured  with  a  larger  number  of  smaller  rods, 
the  strength  of  all  the  Type  B  beams  would  have  been  materially 
increased. 

Cause  of  Failure. — Type  C. — In  Beam  25  it  was  not  observed 
whether  tlie  maxiiniun  load  was  passed  before  the  crushing  of  the  flange 
began.  The  failure  appeared  to  be  due  to  this  crushing,  Init  the  stem 
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was  also  badly  cracked  and  had  begun  to  crush  diagonally,  especially 
in  the  lower  turn  of  the  truss  rods.  Furthermore,  the  elastic  limit 
of  the  main  steel  was  doubtless  overstepped. 

In  the  case  of  the  other  three  beams  of  Type  C,  the  maximum  load 
had  clearly  been  reached  before  the  flange  began  to  crush,  but  the 
crushing  of  the  stem  was  coincident  with  or  preceded  the  maximum 
load.  How  far  the  failure  of  the  concrete  in  bearing  at  the  turn  of 
the  truss  rods,  and  the  consequent  straightening  and  yielding  of  the 
rods  themselves,  reduced  the  effectiveness  of  the  web  reinforcement, 
and  thus  became  the  primary  cause  of  failure,  cannot  be  told.  Neither 
can  the  effect  of  passing  the  elastic  limit  of  the  main  rods  be  estimated. 
Further  evidence  that  the  steel  was  the  limiting  factor  in  the 
strength  of  the  beams  lies  in  the  fact  that  there  is  only  a  very  slight 
difference  in  strength  between  beams  40  days  old  and  those  90  days 
old.  If  the  concrete  were  the  primary  cause  of  failure,  this  difference 
should  have  been  more  marked. 

General  Results. — Horizontal  shear  or  slipping  on  the  joint  was 
looked  for  in  all  the  beams  with  great  care,  but  was  never  observed.  In 
fact,  the  jointed  beams,  both  smooth  and  corrugated,  withstood  the 
test  as  well  as  the  monolithic.  There  was  not  the  slightest  evidence 
that  the  joint  contributed  in  any  way  to  the  failure  of  the  beams, 
though  the  shearing  stress  on  the  joint  reached  values  greatly  in  ex- 
cess of  four  times  the  120  lb.  per  sq.  in.  allowed  by  the  Joint  Committee 
in  beams  reinforced  for  shear. 

Three  interesting  load-deflection  curves,  made  by  an  autographic 
device  on  the  testing  machine,  are  presented  in  Fig.  2. 

Conclusions. — In  view  of  the  striking  uniformity,  both  in  the 
general  behavior  of  the  beams  during  the  test  and  in  the  numerical 
results  attained,  these  tests  would  seem  to  justify  the  following 
conclusions : 

1. — That  the  type  of  construction  used  on  the  buildings  was  safe; 
2. — That  the  joints  did  not  need  to  be  corrugated;  and 
3. — That  a  smooth  or  unroughened  joint,  constructed  in  the  same 
manner  as  the  joints  tested  in  a  beam  suitably  reinforced  for 
shear  (or  diagonal  tension),  is  capable  of  transmitting  with 
ample  factor  of  safety  any  shear  that  could  safely  be  permitted 
in  a  monolithic  beam  of  the  same  cross-section  and  having 
the  same  reinforcement. 
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Fig.    1. — DiAGO.N'.AL  Ciu'siiixg  of   Stem  Under   Loading   Continued   After 
Maximum    Load   Has    Been    Passed. 


Fig.  2. — Crushing  of  Concrete  Within  Turn  of  Bent-Up  Rod  in  Beam  No.  26. 
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One    Important   Bearing    on   Engineering    Practice. — It   may    rea- 
sonably 1)C  inferred  from  the  results  of  these  tests  that  in  the  ordinary 
monolithic    floor   constriu'tion,    where   adequate   web    reinforcement   is 
provided   with   sufficient   :uicliorage   at   the  top,   the  slab   need   not  be 
Loiid.in  Pounds.  Load,in  Pounds. 
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Two  Typical  Load-detlcctioa  Curves. 
Note  the  Greater  Stillness  of  the  Type  B 
Beam,  No.  20. 
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Fig.  2. 


cast  before  the  stems  have  set,  although  the  contrary  has  hitherto 
been  generally  assumed.  Until  further  tests  are  made,  hovpever,  care 
should  be  taken  to  see  that  the  web  reinforcement  crossing  the  joint 
is  sufficientlv  anchored,  both  above  and  below,  and  the  surface  of  the 
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joint  must  be  clean  and  not  too  smooth.  Since  these  are  conditions 
not  difficult  to  obtain  in  practice,  there  may  be  now  in  sight  an  escape 
from  the  worries  caused  by  the  occasional  necessity  of  stopping  work 
when  the  forms  are  filled  only  to  the  bottom  of  the  slab. 

Allowable  Shearing  Stress.- — Furthermore,  it  appears  that  the  stem 
of  a  reinforced  concrete  T-beam  may  be  reinforced  so  as  to  be  capable 
of  carrying  an  ultimate  shearing  stress  of  at  least  888  lb.  per  sq.  in., 
the  highest  reached  with  any  of  the  beams.  As  the  shear  was  in  no 
case  clearly  the  cause  of  failure,  the  really  ultimate  shearing  strength 
was  probably  not  attained.  How  much  above  888  lb.  per  sq.  in.  it 
really  is  cannot  be  stated.  The  high  values  of  unit  shear  reached  in 
these  tests,  together  with  the  fact  that  the  lowest  value  for  the  unit 
shear  in  any  of  the  beams  when  the  first  diagonal  crack  was  observed 
was  in  the  neighborhood  of  185  lb.  per  sq.  in.,  indicate  that  the  120  lb. 
per  sq.  in.  of  the  Joint  Committee's  recommendation  is  low  enough, 
provided  the  shear  reinforcement  is  adequate.  It  should  be  remem- 
bered, too,  that  the  concrete  of  these  tests  was  not  of  exceptional  rich- 
ness, nor  otherwise  better  than  ordinary  building  quality. 
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FKEMANTLE  GRAVING  DOCK: 
STEEL  DAM   CONSTRUCTION  FOR   NORTH  WALL. 


By  Joshua  Fielden  Ramsbotham,  Assoc.  M.  Am.  Soc.  C.  E. 
To  BR  Presented  April  2d,  1913. 


Toward  the  end  of  1910,  the  writer  was  appointed  by  the  Western 
Australian  Government  to  design  and  carry  out  departmentally  the 
Fremantle  Graving  Dock,  the  construction  of  which  was  in  hand 
under  the  Engineer-in-Chief  of  the  Public  Works  Department,  Mr. 
James  Thompson.  When  the  writer  took  charge,  an  area  had  been 
dredged  for  the  dock  to  a  depth  of  49  ft.  below  low-water  mark,  the 
ordinary  rise  of  tide  being  about  3  ft.  6  in.  and  extraordinary  tides 
rising  only  6  ft.  The  tidal  rise  and  fall  are  irregular  and  intermit- 
tent, and,  to  a  large  extent,  depend  on  the  direction  of  the  wind. 

The  whole  policy  of  future  work  depended  on  the  core  borings, 
which  had  been  taken  previous  to  the  writer's  appointment.  From  these 
73  core  borings  (two  typical  bores  are  shown  on  Fig.  2)  it  will  be 
noted  that  the  ground  consisted  generally  of  a  calcareous  sandstone 
containing  pockets  of  sand,  with  a  bed  of  clay  at  a  lower  level. 

After  careful  consideration  and  examination  of  the  dredged  spoil, 
the  writer  advised  the  Engineer-in-Chief  to  recommend  the  Govern- 
ment to  abandon  the  site.  From  the  plan.  Fig.  1,  it  will  be  noted  that 
by  doing  this,  the  entrance  and  fairway  to  the  harbor  would  be  con- 

NoTE. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion  in  full,  will  be  published   in   Transactions. 
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siderably   improved,    and  the   work   already   done   could  be   turned  to 
advantage. 

However,  costly  enterprises  and  large  undertakings  are  not  to  be 
changed  lightly,  and  it  was  decided  to  put  down  a  shaft,  make  an 
examination  of  the  bottom,  and  thoi'oughly  test  the  porosity  of  the 
ground.  For  this  purpose  a  shaft,  8  ft.  6  in.  square,  was  built,  con- 
sisting of  12-in.  steel  piles,  60  ft.  long,  manufactured  by  the  United 
States  Steel  Products  Company,  the  minimum  head  being  48  ft. 

This  shaft  or  dam  was  unwatered  successfully  by  two  7-in.  pulso- 
meter  pumps,  no  puddled  clay  being  used  on  the  outside.  On  pump- 
ing down  to  26  ft.  below  low  water,  a  burst  or  "blow"  occurred  under 
the  root  of  the  piles,  which,  to  a  large  extent,  choked  itself;  but  it 
was  sufficiently  sealed  finally  by  a  "swab"  of  Italian  gasket  attached 
to  a  sinker,  which  enabled  the  shaft  to  be  pumped  out.  On  examina- 
tion it  was  found  that,  at  48  ft.  below  low  water,  the  rock  was  hard 
on  the  north  side,  but  very  soft  in  the  remainder  of  the  area,  and 
it  had  been  noticed  that  three  of  the  piles  had  refused  to  drive  home  on 
the  north  side,  while  the  remainder  drove  easily,  a  few  so  easily  (1^  in. 
at  a  blow)  that,  although  they  were  not  driven  to  a  set,  driving  had 
to  be  stopped  or  they  would  have  been  vmder  water. 

This  variation  of  ground  in  such  a  small  area  was  very  marked, 
and,  in  his  report,  the  writer  pointed  out  that  it  was  problematical 
whether  it  would  be  safe  to  found  a  dock  in  this  particular  locality, 
and,  further,  that  there  were  indications  that  heavy  pumping  would 
be  necessary. 

On  drawing  the  piles  it  was  noticed  that  they  had  penetrated 
a  bed  of  clay,  thus  confirming  the  borings,  and  also  showing  that  the 
clay  was  of  good  quality. 

The  writer  again  advised  the  Government,  on  the  grounds  of  the 
uncertainty  of  the  bottom  and  of  the  initial  cost,  to  change  the  site. 
It  was  decided  finally  by  the  Government  to  curtail  the  sphere  of 
operations  to  the  north  wall  of  the  dock,  and,  in  the  event  of  the  ground 
being  found  unsatisfactory  and  the  ultimate  cost  prohibitive,  to 
abandon  the  dock  and  construct  a  quay  for  commerce.  At  the  same 
time  the  spit  of  rock  was  to  be  dredged  out,  thereby  considerably  im- 
proving the  harbor. 

In  work  of  this  character  prime  cost  is  very  often  not  sufficiently 
realized,  but  in  this  case  estimates  were  prepared,  from  data  obtained 
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from  similar  work,  accounting  for  every  item  except  pumping,  which, 
considering  that  it  was  deemed  impossible  to  ascertain,  was  left  as  an 
unknown  quantity,  with  the  intimation  that  the  cost  would  be  excessive. 
From  the  borings  it  will  be  seen  that  the  material  in  which  the  piles 
were  driven  consisted  of  a  hard  limestone  cap,  coral,  clay,  and  sand- 
stone, the  limestone  cap  being  particularly  hard  in  a  portion  of  the 
pumping  station,  where  a  total  of  60  ft.  of  driving  had  to  be  done, 
or,  in  other  words,  each  pile  had  to  be  driven  60  ft.  into  the  ground. 

Public  tenders  were  called  for,  and  the  lowest,  that  of  the  United 
States  Steel  Products  Company,  was  accepted. 

It  is  worthy  of  record  that,  in  driving  one  of  the  steel  piles,  a 
45-lb.  per  yd.  steel  rail  was  cut  into  two  pieces,  one  section  being 
found  subsequently  on  excavating  within  the  dam. 

From  a  driving  point  of  view,  these  piles  are  admirable,  as  the 
cross-sectional  area,  or  displacement,  is  small  compared  with  the  cover- 
ing area  of  the  face  of  the  pile,  it  being  very  much  like  driving 
a  knife  into  a  pat  of  butter,  and  yet,  although  whippy,  with  care  very 
few  piles  were  damaged ;  and,  further,  in  shipping  1  900  piles,  60  ft. 
long,  from  the  United  States  to  Western  Australia,  not  one  was 
damaged,  and  only  two  were  damaged  in  handling  for  driving.  In 
handling  from  the  steamer  it  was  found  best  to  have  8  by  3§-in.  fish- 
plates of  Oregon  pine,  10  ft.  long,  with  a  sling  chain  around  them, 
placed  20  ft.  from  one  end. 

In  handling,  preparatory  to  driving,  a  single  piece  of  7  by  3-in. 
Oregon  pine,  8  ft.  long,  was  found  best,  and  was  slung  one-third  from 
one  end. 

Design  of  Dam. — The  design  of  the  dam,  to  a  large  extent,  was 
assisted  by  the  results  attained  in  the  small  trial  shaft.  The  object 
was  to  have  as  few  sets  of  timber  as  possible,  consistent  with  safety, 
and  as  all  the  shoring  had  to  be  done  by  divers,  both  from  the  point 
of  view  of  economy  and  speed,  this  was  most  important. 

The  points  that  require  careful  watching  in  designing  a  dam  are: 
1. — Strength  of  skin   (which  can  be  taken  as  a  beam  supported 
at  several  points,  and  to  an  extent  this  is  advantageous,  as 
benefit  is  derived  from  contraflexure) ; 
2. — Strength  of  walings  or  longitudinal  beams; 
3. — Strength  of  shores  or  transverse  columns;  and, 
4. — Factor  of  safety  on  the  dam. 
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Great  benefit  may  be  derived  from  working  in  water,  as  it  is  pos- 
sible to  calculate  exactly  the  loads  which  the  various  members  of 
the  structure  have  to  carry;  and,  needless  to  say,  the  object  is  to  place 
the  wnlings  and  shores  so  that  they  and  also  the  skin  will  have  an 
ample  factor  of  safety. 

For  many  reasons,  it  was  decided  to  use  jarrah  for  the  walings  and 
shores,  and,  as  the  writer  had  no  previous  knowledge  of  this  timber, 
it  was  with  no  small  interest  that  he  watched  its  behavior.  As  jarrah 
is  a  product  of  Western  Australia,  a  supply  could  be  obtained  at  the 
reasonable  price  of  2  shillings  per  cu.  ft.  delivered  in  railway  trucks 
on  the  job.  It  is  nearly  always  heavier  than  water,  and  consequently 
will  sink,  which  is  an  advantage  for  divers'  work;  its  strength  lies  in 
its  outer  fibers,  therefore  it  is  safer  to  use  hewn  than  sawn  jarrah, 
as  hewers  will  always  hew  with  the  grain. 

As  heart  timber  was  being  accepted  in  this  case,  the  heart  was  in 
the  neutral  axis  or  center  of  the  log;  further,  as  jarrah  is  short  in 
grain,  it  is  certainly  advisable  not  to  accept  sawn  logs,  as  there  is 
danger  of  the  grain  running  out  unless  great  care  is  exercised.  In 
addition  to  this,  as  the  dam  was  being  built  in  sections,  the  divers 
keeping  ahead  of  the  pumped-out  sections,  the  Teredo  navalis  had  to 
be  guarded  against,  and  jarrah  is  the  best  local  timber  for  resisting 
this  pest. 

In  designing  the  dam,  a  maximum  tide  of  6  ft.  G  in.  above  low- 
water  mark  was  considered  (this  is  seldom  if  ever  reached),  and  the 
dredged  bottom  was  taken  at  49  ft.  0  in.  below  low-water  mark,  thus 
giving  a  total  calculated  head  of  55  ft.  6  in.,  which  in  actual  work 
could  be  taken  at  51  ft.  Further,  clay  puddle  was  tipped  to  a  mini- 
mum height  of  9  ft.  at  the  skin  of  the  dam,  in  order  to  make  a  seal 
of  the  porous  rock,  and,  at  the  same  time,  reduce  considerably  the 
head  on  the  dam.  Assuming  that  the  shores  are  placed  at  10-ft. 
centers  horizontally,  the  pressure  on  a  strip  of  dam,  10  ft.  wide,  is: 

o.-)  It.  (;  in.  X  10  X  55  ft.  0  in.  X  04 


2X2  240 


=  440  tons. 


The  strength  of  a  jarrah  beam,  loaded  uniformly  and  supported 
at  each  end,  is  given  by  the  following  formula,  in  which  K  is  a  con- 
stant which  has  been  ascertained  to  be  13;  B  is  the  breadth,  and  is 
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assumed  to  be  14  in.;  D  is  the  depth,  and  is  assumed  to  be  14  in.; 
and  L  is  the  length,  which  is  9  ft.,  or  108  in. : 


Breaking  weight,  in  hiiiidredweights  = 


L 

H  X  13  X  14  X  14  X  14 


108 
=  2  642  cwt. 

=  132  tons. 

132 

Thus,  using  a  factor  of  safety  of  3,  the  safe  load  =  -^^—  =  44  tons. 

•> 

440 

From  this  the  number  of  walings  or  beams  required  is =  10. 

44 

It  is  worthy  of  note  that,  in  cakudating  the  strength  of  walings, 
no  allowance  was  made  for  the  fact  that  the  beams  were  continuous 
over  several  supports,  thus  giving  a  greater  margin  of  safety  than  is 
shown.  The  shores  or  columns  were  12  in.  square  and  22  ft.  8  in. 
long,  and  were  worked  out  by  Gordon's  formula  in  a  similar  manner, 
one  end  being  considered  rounded  and  the  other  iixed,  the  factor  of 
safety  being  slightly  less  than  3. 

When  the  driving  of  the  piles  was  completed,  it  was  found  that 
it  was  impracticable  to  keep  them  absolutely  vertical  or  in  line,  due 
to  the  hard  nature  of  the  ground;  and,  although  the  divers  packed 
between  all  piles  and  the  back  of  the  walings,  a  certain  amount  of 
luiquestionable  bridging  or  arching  took  place.  This  was  so  marked 
that,  without  any  further  delay,  additional  .shores  were  placed  along- 
side those  already  in,  the  factor  of  safety  of  the  walings  thus  being 
increased  to  3|  and  the  shores  to  almost  4J. 

The  skin  of  the  dam  is  important,  and  the  largest  span  was  settled 
empirically  from  observations  taken  while  pumping  out  the  small 
trial  shaft,  and  was  a  clear  span  of  8  ft.  8  in.,  subjected  to  an  actual 
head  of  17  ft.  7  in.  of  water.  In  the  dam  in  question,  the  span  was 
8  ft.  7  in.  between  the  second  and  third  shores.  Between  the  first  and 
second  shores  the  clear  span  is  9  ft.  11  in.,  and,  although  allowance 
was  made  for  a  high  tide  of  6  ft.  6  in.,  it  is  seldom  if  ever  reached. 
From  the  writer's  experience,  a  clear  span  of  8  ft.  8  in.,  subjected  to  a 
mean  head  of  16  ft.  8  in.,  is  quite  satisfactory,  the  total  load  on  a 
pile  being  4.88  tons,  and  the  maximum  stress  about  10  tons  per  sq.  in. 
From  the  foregoing  it  may  be  noted  that  uniformity  has  been  reached 
in  the  temporary  dam,  and  certainly  not  at  the  expense  of  safety. 
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Tlio  ciiilinviiKMil  for  the  puiupiiig  station  offered  difficulties  out- 
siilc  the  (irdiiinry  scdidii  of  the  dam,  and  the  writer  proposes  to  touch 
till  it  lirietly  at  this  stage. 

Tlio  maxinnnn  Iciigfli  of  tlie  shores  (shown  on  Fig.  2)  is  57  ft.  They 
wciv  hiiilt  up  of  14  hy  14-in.  jarrah  logs,  with  fish-plates  at  top  and 
liottdiu  consisting  of  L^Vft.  half  timbers  of  jarrah  (14  by  7  in.),  without 
heart,  held  together  with  fourteen  1-in.  bolts.  Care  was  taken  to 
alter  the  lengths  of  the  timbers  in  each  line  of  shores  so  as  to  alter 
\ho  position   of  tlie  joint;   this  is  important. 

In  turn,  tlicse  shores  were  subdivided,  by  vertical  and  horizontal 
•'toms'",  into  small  shores  18  ft.  in  length.  Each  tier  of  shores  was 
carefully  anchored  to  the  line  below  by  long  bolts,  and,  during  excavat- 
ing, they  were  invariably  kept  packed  down  to  the  ground  by  relieving 
"toms".  Further,  a  deflection  of  IJ  in.  in  the  center  was  allowed  so  as 
to  overcome  any  tendency  of  the  shore  to  bend  upward  or  break,  and, 
in  addition,  there  was  alwaj's  considerable  weight  on  the  top  setting, 
(hie  to  the  staging  carrying  the  crane  and  railway  tracks.  No  trouble 
was  experienced  in  any  way  from  these  shores,  the  factor  of  safety 
on  them  being  5.27. 

Practical  Points  on  Construction. — Important  points  were  observed 
during  the  construction,  and  perhaps  the  writer  may  be  pardoned  for 
stating  them  in  some  detail. 

First,  it  is  of  the  utmost  importance  that  the  female  end  of  the 
pile  should  always  be  driven  over  the  male,  and  not  the  male  in  the 
female.  If  the  latter  is  done,  a  column  of  spoil  will  be  compressed 
under  the  male  in  the  jaws  of  the  female  which  will  finally  end  in 
the  bursting  of  the  structure.  To  enable  rapid  progress  two  piles 
were  split  down  the  center  and  a  double  male  pile  manufactured,  rivet- 
ing a  6  by  3  by  ^  in.  T-iron  on  the  back  for  stiffness.  By  this  means 
two  piling  machines  were  utilized;  one  was  built  on  an  outrigger,  with 
one  end  supported  on  staging  and  the  other  end  on  a  log  on  the 
ground,  the  piling  frame,  winch,  boiler,  etc.,  being  self-contained  and 
easily  moved.  The  other  machine  was  on  a  barge,  and  was  also  self- 
contained. 

In  passing,  it  may  1)0  mentionc^d  that  the  piling  winches  were 
made  by  the  Lidgerwood  ^lanufacturing  Company  (No.  72^),  and  were 
capable  of  working  a  2-ton  "tup"  or  hammer.  A  30-cwt.  tup  was 
found  to  be  best  in  practice,  and  a  good  man  can  get  20  blows  per 
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min,,  a  5-ft.  drop  being  quite  sufficient.  From  the  plan  it  will  be 
noticed  that  provisions  were  made  for  subdividing  the  dam  every  100  ft. 
by  using  T-piles,  a  male  and  female  T-pile  being  left  opposite  each 
other;  this  was  done  in  accordance  with  the  catalogue  of  the  makers 
of  the  piling.  When  the  time  came  to  drive,  however,  difficulties 
arose,  and  as  they  could  be  overcome  very  easily  by  the  manufacturers 
of  the  piles,  the  writer  mentions  them,  hoping  that  he  may  thus  assist 
others. 

First.- — By  having  a  female  T-pile,  it  would  mean,  in  the  ordinary 
course,  driving  a  male  pile  in  it;  as  previously  mentioned,  if  this  is 
done,  it  will  end  in  disaster,  unless  the  spoil  in  which  it  is  driven 
is  a  fluid  mud.  To  overcome  this,  a  double  female  pile  was  made,  and 
on  one  side  a  strip  of  iron,  1  in.  wide  and  A  in.  thick,  was  tapped  on 
the  outside  on  one  jaw  in  order  to  make  a  lock.  The  jaws  were 
then  interlocked,  and  the  pile  was  driven,  there  being  clearance  for 
any  displacement  of  spoil  between  the  jaws. 

Second. — Great  care  must  be  exercised  in  keeping  the  two  T-piles 
parallel,  otherwise  obvious  difficulties  will  arise  in  closing.  The  manu- 
facturers could  overcome  this  by  making  an  expanding  pile  with 
slotted  holes,  so  as  to  enable  the  closing  pile  to  vary  its  width  from 
the  top  to  the  bottom. 

Third. — Even  with  parallel  piles,  it  is  extremely  hard  to  marry  in 
with  the  closing  pile,  and  it  is  desirable  to  have  a  few  piles  of  dif- 
ferent width. 

Fourth. — If  a  male  T-pile  is  used  at  each  side  of  the  dam,  as 
should  be  done,  a  double  female  pile  is  required  with  which  to  end, 
and  such  should  be  supplied  by  the  manufacturers. 

Fifth. — If  a  male  T-pile  is  urgently  required,  it  can  easily  be 
made,  and  at  small  cost,  by  riveting  an  ordinary  45-lb.  rail  to  an 
ordinary  pile. 

Sixth. — In  driving  the  piles,  the  moment  one  seems  to  be  harden- 
ing up  and  has  not  reached  the  required  depth,  another  should  be 
driven  ahead  of  it,  and,  if  necessary,  this  should  be  repeated  until 
there  are  signs  of  having  reached  soft  ground  again.  It  is  then 
possible  to  exert  more  force,  but  even  then  abuse  must  not  be 
resorted  to,  as  there  is  grave  danger  of  parting  the  piles,  but  if  this 
does  happen  by  having  driven  ahead,  that  danger  is  limited  in  extent 
and  is  only  local. 
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From  the  cross-section  it  will  be  noted  that  the  piles  toward  the 
shore  were  driven  on  the  side  of  a  cliff,  which  had  been  left  in  a  very 
irregular  condition  by  the  dredging,  and  added  considerably  to  the 
difficulties  of  the  piling  gang;  it  also  rather  retarded  the  progress,  as 
some  piles  had  to  be  drawn.  A  fair  month's  work  for  the  two  ma- 
chines, there  being  two  8-hour  shifts  on  each  machine,  averaged  370 
piles,  representing  9  361  lin.  ft.  of  driving. 

The  first  steel  pile  was  driven  on  July  14th,  1911, '  and  pumping 
was  started  in  Dam  Section  No.  1  on  November  16th,  the  entire  dam 
being  framed  by  the  end  of  that  year. 

It  is  interesting  to  note  that  1  872  steel  piles  were  used,  repre- 
senting 47  385  lin.  ft.,  or  9  miles  of  actual  driving.  In  the  first  dam 
section  there  were  401  piles,  which  gives  24  000  lin.  ft.  of  joint,  repre- 
senting very  aiearly  5  miles  of  joint. 

Constructional  Wo^'h. — At  the  top  of  the  piles  it  will  be  noted  that 
a  substantial  baek-.strap  is  provided,  consisting  of  a  12  by  12-in. 
jarrah  log.  This  strap  was  bolted  through  every  fourth  steel  pile  and 
the  inside  waling  by  a  1-in.  bolt.  Although  no  trouble  was  experienced, 
the  writer  would  recommend  l-j-in.  bolts  for  this  purpose. 

The  walings  were  hung  by  two  1-in.  bolts  from  the  top  timber, 
breaking  joint,  and  between  each,  there  were  placed  distance  pieces  or 
"toms",  cut  to  the  required  lengths;  in  this  way  the  necessary  accuracy 
of  placing  the  walings  by  the  divers  was  assured,  and  the  progress 
was  rapid. 

Owing  to  the  fact  that  the  iiiles  were  over  at  the  heads  and  out  of 
plumb,  there  was  a  tendency  to  lift  the  walings,  so  that  the  "toms" 
and  through  bolts  play  an  active  part,  and  require  most  careful  watch- 
ing, as  in  the  event  of  any  small  movement,  a  disaster  of  great 
magnitude  to  life  might  result,  and  almost  without  any  warning.  No 
movement  was  observed,  but  careful  examinations  were  made  and 
soundings  were  taken  every  10  ft.  daily  on  the  clay  outside  the  dam. 

When  necessary,  packings  were  placed  between  the  walings  and 
the  steel  piles  by  the  divers,  and,  when  the  dam  was  pumped  dry,  their 
work  was  found  to  have  been  done  both  creditably  and  satisfactorily. 

Across  the  embayment  to  the  pumping  station  some  interesting 
work  was  done.  As  there  was  only  a  sloped  bank  to  which  to  shore, 
it  was  obvious  that  some  other  method  would  have  to  be  adopted. 
Accordingly,   half  timbers   were  bolted   on   the   long   shores,   top   and 
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Fig.  1. — Excavation  for  Pumping  Station,  Fkemanti^e  Gkaving  Dock. 


Fig.  2. — Method  of  Shoring  Da.m  for  Fremanti.e  Graving  Dock. 
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bottom,  and  packed  against  the  top  and  bottom  of  the  fish-plates 
whifli  served  to  build  up  the  long  shores  and  for  which  purpose  four- 
teen 1-in.  bolts  were  used.  This  is  shown  clearly  by  the  section  at 
BB,  Fig.  2. 

King  piles,  composed  of  two  14  by  14-in.  jarrah  logs,  bolted  side 
by  side,  were  driven  into  the  ground,  and  shores  were  then  placed 
by  tlu>  diver  from  the  waling  to  the  king  pile,  and  again  shored  to  the 
bolted  tinlf  timbers,  as  previously  mentioned,  when  the  dam  was  pumped 
dewil. 

As  soon  as  the  water  was  below  each  setting,  the  long  shores  were 
luit   ill.  iiiul  all  "tomming"  and  "lacing"  done  at  once. 

I'aiitiiiinj  Plant. — Three  15-in.,  centrifugal  pumps  were  used,  each 
eajiable  of  working  as  follows: 


Total  head, 
iu  feet. 

Revolutions, 
per  minuie. 

Capacity,  in  galloiis 
per  minute. 

40 

500 

4  900. 

50 

500 

4  400. 

60 

500 

3  800. 

The  weight  of  the  pumps  and  engine  combined  was  about  4  tons, 
so  that  they  were  within  convenient  compass  of  the  5-ton  cranes  in  use. 

Allen  "Conqueror"  centrifugal  pumps  were  used,  and  were  direct- 
coupled  to  "Allen''  enclosed  two-cylinder  compound  engines.  Each 
engine  developed  110  h.p.  at  450  rev.  per  min.  and  a  steam  pressure  of 
110  lb.  per  sq.  in.,  the  diameter  of  the  cylinders  being  10  and  14  in.,  and 
the  length  of  the  stroke  6^-  in. 

The  boilers  were  made  by  Ruston,  Proctor  and  Company,  Limited,  of 
Lincoln,  England,  and  at  first  consisted  of  two  semi-portable,  multi- 
tubular boilers,  each  having  a  grate  area  of  26  sq.  ft.,  capable  of 
evaporating  4  000  lb.  of  steam  per  hour,  with  a  pressure  of  150  lb.  per 
sq.  in.,  the  heating  surface  being  814  sq.  ft.  Their  length  over  all 
was  20  ft.  1  in.,  their  diameter,  4  ft.  6^  in.,  and  each  contained  105  2i-in. 
tubes.  The  weight  of  each  boiler  without  fittings  was  9  tons  2  cwt., 
and  with  fittings,  11^  tons. 

Pumping  was  started  on  November  16th,  1911,  and  continued  with- 
out intermission  until  July  23d,  1912.  It  was  found  necessary  to  add 
another  boiler,  due  partly  to  the  low  calorific  value  of  the  coal  used, 
but  mainly  on  account  of  the  necessity  for  cleaning  and  washing  out 
the  boilers,  such  operations  being  prejudicial  to  the  continuous  running 
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of  tliree  pumps.  In  addition,  one  7-in.  steam  pulsometer  pump  was 
used  for  well  sinking,  etc. 

The  Imperial  Electric  and  Engineering  Company,  of  Perth,  West- 
ern Australia,  was  the  local  agent  for  the  above  firms,  and  it  is  satis- 
factory to  note  that  from  start  to  finish  there  were  no  breakdowns,  a 
result  which  is  most  satisfactory  when  the  entire  work  is  at  the  mercy 
of  the  pumps. 

Work  Done  Under  Cover  of  the  Temporary  Dams. — The  pumps 
were  first  placed  in  the  bays  by  the  bulkhead,  one  pump  taking  up  one 
bay  of  the  dam.  They  were  supported  on  a  staging  well  braced,  checked, 
and  bolted  to  timber  piles  driven  inside  the  dam.  At  first  all  three 
pumps  were  engaged,  but  gradually  a  reduction  in  the  pumping  took 
place.     The  area  to  be  unwatered  was  10  453  sq.  ft. 

After  excavating  some  20  ft.,  it  was  found  that,  due  to  the  hardness 
of  the  rock  in  that  locality,  some  of  the  piles  had  not  driven.  On  reach- 
ing a  level  of  20  ft.  below  low-water  mark,  it  was  decided  to  excavate 
a  10  by  7^-ft.  well  for  the  temporary  pumps,  down  to  43  ft.  below 
low-water  mark,  within  steel  piles,  and  in  the  center  of  the  main  pump- 
ing station,  as  shovm  on  Fig.  3.  This  was  done,  using  a  7-in.  pulso- 
meter for  sinking  purposes.  Sulphureted  hydrogen  gas  was  en- 
countered, which  caused  very  great  discomfort  to  the  workmen,  some 
of  whom  became  temporarily  blind,  others  developed  eczema,  and  every 
one  concerned  had  a  bad  yellow  color  and  became  "as  lean  as  crows", 
suffering  from  severe  attacks  of  cramps  and  general  debility.  A  silver 
coin  placed  in  the  water  became  of  a  bronze  color  in  a  few  seconds.  In 
front  of  the  well,  the  piles  were  of  steel  cut  into  5-ft.  lengths,  and  a  grat- 
ing was  provided  which  worked  in  a  groove,  so  that,  when  excavating  in 
the  body  of  the  dam,  a  5-ft.  length  would  be  removed,  and  the  pumps 
were  protected  by  the  grating.  This  answered  admirably,  and  no  in- 
convenience was  caused  by  the  silting  up  of  the  rose  on  the  pumps. 

Unfortunately,  after  everything  had  been  completed  in  the  shaft, 
a  blow  occurred  in  the  bottom  of  the  well,  and,  although  not  serious, 
it  was  necessary  to  discover  its  source.  The  first  thought  was  that 
the  flow  might  be  coming  under  the  ground  where  the  piles  had  not 
driven  satisfactory,  or,  in  other  words,  the  hydraulic  gradient  had  not 
been  cut  off.  To  ascertain  this,  holes,  30  ft.  deep,  were  drilled  5  ft. 
away  from  the  skin  of  the  chamber  opposite  the  gap  in  the  piling 
and  5  centers  apart;  on  drilling  to  a  depth  of  28  ft.,  or  48  ft.  below 
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low-water  mark,  the  drill  dropped  2  ft.  and  water  spurted  up  through 
the  hole.  It  was  thought  that  the  source  of  the  trouble  had  been 
found. 

To  try  and  trace  the  flow  of  water,  a  strong  solution  of  potassium 
permanganate  (KMn  O^)  was  forced  under  pressure  down  the  drilled 
liolcs,  but  no  results  were  observed.  On  mentioning  the  matter  to 
Mr.  E.  A.  Mann,  the  Government  Analyst,  he  pointed  out  that  the 
sulphureted  hydrogen  would  change  the  purple  color  of  the  per- 
manganate rapidly  to  brown,  and  then  to  a  colorless  solution,  this 
being  due  to  the  sulphureted  hydrogen  (H^  S)  changing  the  per- 
manganate to  an  oxide  of  manganese  with  a  deposition  of  pure  sulphur. 
Some  sulphate  due  to  the  formation  of  sulphuric  acid  (H^  S  O^)  is 
also  probably  formed. 

Mr.  Mann  kindly  gave  this  question  of  the  presence  of  sulphureted 
gas  his  attention,  as  it  was  very  noticeable  that  there  was  considerable 
corrosion  on  the  steel  piling,  in  addition  to  the  other  features  men- 
tioned previously.     The  writer  will  refer  to  this  matter  later. 

For  tracing  the  flow  of  water,  Mr.  Mann  recommended  fluorescein 
or  resorcinolphthalein  (C,  H^„  O.),  a,  few  grains  of  which  gave  an  ex- 
tremely bright  green  fluorescence,  which  did  not  lose  its  color  even  in 
a  considerable  volume  of  water. 

Almost  immediately  a  flow  of  water  was  traced  in  the  main  dam,  a 
few  seconds  only  elapsing  after  putting  in  a  few  grains  of  fluorescein 
before  its  presence  was  apparent.  Accordingly,  systematic  drilling 
and  grouting  under  pressure  was  adopted,  and  as  it  was  novel  to  the 
writer,  he  may  be  pardoned  for  referring  to  the  subject  in  some 
detail. 

Drilling. — It  was  found  advisable,  from  experience,  first  to  procure 
a  4-in.  iron  pipe,  from  18  to  24  in.  long,  and  concrete  it  flush  with  the 
ground  with  a  12-in.  cube  of  concrete,  as  shown  on  Fig.  ?>.  This  was 
used  for  drilling  purposes,  and  prevented  the  ground  from  being 
fretted  by  the  drill;  it  also  stopped  any  leakage  during  grouting  under 
pressure.  Machine  drills  and  compressed  air  were  available  for  drill- 
ing, but  the  strata  were  such  as  to  render  them  useless,  and  it  was 
found  to  be  elieapcr  to  jump  the  holes  down  by  hand.  A  chisel  drill, 
3  in.  across  the  bit,  was  used,  and,  in  the  ptimping-station  area, 
30  ft.  was  the  minimum  depth  of  hole  drilled.  On  reaching  a  level 
of  48  ft.  below  low-water  mark,  as  previously  mentioned,  a  cave  2  ft. 
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tloop  was  entered,  aiul  a  strong-  flow  of  water  under  pressure  was  set 
free.  The  hole  liaving-  been  drilled  to  the  requisite  level,  an  iron  pipe, 
.■;  ft.  loiiii  and  2  in.  in  diameter,  was  lianunercd  in.  'I'his  pipe  had  been 
previously  roughened  on  tlie  outside  and  tightly  wound  with  strips  of 
soft  bagging,  rnaking-  a  tapered  shape  very  much  like  an  ordinary 
top;  this  was  well  tallowed  and  tightly  bound  with  strong  twine;  on 
the  upper  end  of  the  pipe  was  a  thread  on  which  was  screwed  an 
ordinary  2-in.  straight-way  valve.  In  some  cases  tapered  wooden  plugs 
were  used  until  immediately  previous  to  grouting,  when  they  were 
replaced  by  the  pipe  valve.  It  may  be  mentioned  that  there  was  no 
trouble  from  leakage,  even  under  a  pressure  of  75  lb.  per  sq.  in. 

Grouling  Machine.— A  grouting  machine.  Fig.  5,  similar  to  the  Can- 
niff  tank  grouting  machine*  was  made.  Small  modifications,  which  pos- 
sibly might  be  regarded  as  improvements  were  introduced,  such  as  having 
no  bends  in  the  pressure  pipes,  such  bends  being  obviated  by  having 
T's  fitted  with  plugs  and  used  for  cleaning  purposes.  When  the  pipes 
became  blocked,  these  plugs  were  found  to  be  invaluable.  The  Canniff 
machine  consisted  of  a  steel  tank,  2  ft.  7^  in.  high  and  18  in.  in 
diameter,  fitted  with  a  movable  hopper  on  top  of  a  hinged  door,  a 
grating  9  in.  from  the  bottom,  to  prevent  lumps  from  going  through 
the  pressure  pipes,  and  an  air  diffuser  again  below,  which  also  served 
the  purpose  of  a  grating.  The  pressure  was  admitted  to  a  T  again 
by  an  ordinary  covipling,  and  had  a  screw-down  valve  on  each  side 
and,  in  addition,  a  straight-way  valve  on  the  grout  exit  pipe.  By  a 
simple  regulation  of  these  valves,  air  pressures  could  be  admitted 
either  at  the  top  or  bottom,  by  which  means  the  grout  was  prevented 
from  settling  and  the  clogging  of  the  pipes  was  reduced  to  a  mini- 
mum. Legs  were  provided  on  the  bottom,  and  on  the  top  flange 
rings  for  slinging,  so  that  the  machine  could  be  moved  readily  by  a 
crane.  The  tank  was  built  in  the  Government  workshops  and  tested 
at  a  pressure  of  100  lb.  per  sq.  in.,  the  maximum  working  pressure 
being  75  lb.  per  sq.  in. 

Grouting  Under  Pressure. — A  systematic  jdan  of  grouting  was  ar- 
ranged (Fig.  3).  15y  using  tlnorescein,  a  flow  of  water  had  been 
indicated  in  a  cave  subsequently  found  near  the  locality  of  the  tempo- 
rary pumps   (first  position)  ;  in  addition  to  this,  a  flow  of  water  was 


Trannactions,  Am.  Soe.  C.  E.,  Vol.  LXXIII,  p.  -KM. 


230 


DAM   FOR  PREMANTLE   GRAVING   DOCK 


[Papers. 


I'liptTS.  I 


DAM    idi;   ii;i:\iAN'i'i.i':  (;i;a\im;   dock 


232  DAM   FOR   EKEMANTLE   GRAVING   DOCK  [Papers. 

also  found  opposite  the  temporary  pump-well  in  grouting  the  bore 
marked  C  on  Fig.  3. 

On  grouting  the  west  bores  next  to  the  sheeting,  it  was  found  that 
the  flow  of  water  had  been  entirely  stopped.  This  was  proved  con- 
clusively by  the  fact  that  when  grouting  holes  were  drilled  2  ft.  G  in. 
behind  them,  no  water  spouted  up,  and,  further,  the  drilling  was 
done  through  layers  of  hard  cement;  this  was  most  encouraging. 

As  regards  grouting  the  east  side:  A  strong  flow  of  water  was 
observed,  particularly  in  those  grouting  holes  near  the  northeast  corner, 
and  the  entire  line  was  grouted  up  solid  by  the  machine  working  from 
one  hole  in  the  center,  showing  that  considerable  penetration  could 
be  had  for  the  cement. 

As  a  precaution,  all  valves  on  the  grouting  pipes  in  the  vicinity 
of  the  pipe  being  grouted  were  left  open  unless  they  were  running 
freely.  In  the  latter  case  one  valve  nearest  the  pipe  being  grouted 
was  left  partly  open.  The  reason  for  this  was  that  with  a  grouting 
pressure  of  75  lb.  per  sq.  in.,  there  would  be  grave  danger  of  blowing 
up  the  ground  which  is  being  grouted,  and  a  valve  in  the  vicinity  left 
open  would  act  as  a  safety  valve.  In  actual  practice  it  was  observed 
that  the  surface  ground  started  to  crack,  due  to  being  in  tension,  and, 
but  for  turning  off  the  pressure  promptly,  trouble  would  have  been 
experienced,  everything  indicating  the  formation  of  a  miniature 
volcano. 

On  an  average,  each  hole  took  43  cu.  ft.  of  grout  (equal  parts  of 
cement  and  water),  and,  when  the  machine  ran  very  freely,  saw-dust 
was  added.  From  subsequent  excavations  it  was  shown  that  the  results 
were  most  satisfactory,  and  the  penetration  of  the  cement  most  marked. 

An  appreciable  decrease  in  pumping  was  now  observable,  but  the 
flow  in  the  well  was  still  considerable.  It  was  decided  to  put  down 
some  trial  holes  in  the  neighborhood  of  the  burst,  and  Holes  A  and  B, 
were  drilled,  as  shown  on  Fig.  3.  While  drilling  Hole  A,  the  drill 
dropped  20  ft.  6  in.  without  any  warning,  indicating  that  a  fissure  or 
cave  had  been  entered,  the  invert  being  67  ft.  5  in.  below  low-water 
mark.  Hole  B,  which  was  4  ft.  9  in.  from  Hole  A,  indicated  by  a 
sudden  drop  of  the  drill  that  the  cave  entered  was  at  that  place  10  ft. 
deep,  the  invert  being  57  ft.  5  in.  below  low-water  mark. 

A  larger  hole  was  then  drilled  into  the  cave  and  a  4-in.  pipe  was 
inserted.     The  water  rose  in   this  pipe  to  within   a  few  feet  of  the 
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k'vel  of  the  water  in  the  river,  and  tlie  pressure  was  found  to  be 
9.53  lb.  per  sq.  in. 

In  one  of  the  jiroutiiiii'  bores  a  ])ressure  of  5  lb.  per  sq.  in.  luid  been 
recorded.  It  was  realized  that,  unless  this  cave  could  be  grouted, 
the  chances  of  going  on  with  the  dock  successfully  were  remote,  and, 
tiirther.  that  the  utmost  caution  would  be  necessary  in  proceeding 
with  tlio  work.  A  sudden  blow  might  very  easily  have  meant  a 
disaster  to  all  the  men  working  below.  Careful  preparations  were 
made  for  tilling  the  cave.  A  swab  of  Italian  gasket  with  a  sinker 
attached  to  marline  was  forced  down  the  pipe  into  the  cave,  and 
there  it  was  taken  by  the  current  and  jammed  into  the  exit  or  burst 
in  the  well.  Altogether,  sixty  of  these  swabs  were  used,  and  in  this 
way  the  burst  into  tb(^  well  from  the  cave  was  sealed.  Then  the  task 
of  filling  the  cave  was  commenced.  As  previously  mentioned,  there 
were  two  pipes  into  the  cave,  on  one  of  which  a  gravity  pipe  was 
fixed  above  ground  level,  consisting  of  a  1-yd.  skip  fitted  with  a  pipe 
and  valve  in  the  bottom,  and  on  the  other  the  grouting  machine  was 
attached  with  the  usual  valve. 

The  fight  was  started  in  the  early  hours  of  the  morning  and  was 
continued  without  stopiiing  until  midnight.  Altogether,  29  tons  of 
cement  were  forced  into  the  cave;  and,  at  midday,  ashes  and  water 
were  forced  through  the  gravity  machine  with  a  view  of  saving  cement, 
G  tons  of  ashes  being  used. 

A  sounding  was  taken  in  the  well  at  midnight,  and  no  progress 
at  all  was  observed.  On  sending  a  diver  down  to  inspect  the  well,  he 
reported  that  there  was  practically  no  leakage,  so  that  some  benefit  had 
lioen  attained  indirectly. 

At  this  stage  several  crucial  points  had  been  definitely  established: 

1. — The  job  would  have  to  be  dealt  with  in  small  sections. 

2. — That  being  the  case,  with  the  pumping  plant  available,  it  would 
talsc  at  least  8  years  to  complete  the  work,  and  to  overcome  this  it 
would  be  necessary-  to  multiply  the  immping  plant  in  order  to  get 
several  sections  imder  way  at  a  time. 

3. — The  cave  would  cither  have  to  be  grouted  up  or  opened  out  and 
tilled  witii  concrete.  As  the  former  had  failed,  the  latter  would  liave 
to  be  attempted,   and   would  be  ('xtremeiy   diHieiilt. 

4. — The  ground  was  of  sucli  a  doubtful  character  as  to  render  it 
necessary  to  grout  all  over  the  site,  which  having  been  done,  the  safe 
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permissible  load  that  it  would  carry  would  be  low,  and  the  writer  was 
doubtful  whether  3  tons  per  sq.  ft.  could  be  exceeded. 

5. — Corrosion  due  to  sulphureted  hydrogen  gas  was  going  on  so 
rapidly  as  to  render  the  re-using  of  the  front  steel  piles  more  than 
doubtful. 

6. — Steps  would  have  to  be  taken  to  decrease  the  pressure  of  the 
sulphureted  hydrogen  gas.  This  gas  caused  the  writer  considerable 
anxiety,  and  it  is  necessary  to  remember  that  the  stability  of  the  floor 
depended  on  the  concrete  being  fortified  by  steel,  and  such  fortified 
concrete  had  to  be  designed  to  withstand  a  hydrostatic  pressure  from 
below  and  a  statical  load  due  to  a  vessel  on  the  keel  blocks. 

This  latter  was  necessary  owing  to  the  ascertained  uncertainty 
of  the  ground  and  the  presence  of  caves.  Therefore,  if  this  steel 
in  the  ferro-concrete  was  attacked  by  corrosion  accelerated  by  sul- 
phureted hydrogen  gas,  the  consequences  would  be  serious. 

A  supplementary  estimate  was  given  to  the  Government,  which 
brought  the  estimated  cost  of  the  dock  from  its  inception  up  to 
£725  000,  and  the  writer  advised  the  Engineer-in-Chief  to  recommend 
the  Government  to  abandon  the  site  and  look  elsewhere. 

From  a  harbor  point  of  view,  the  site  was  a  bad  one,  and  if, 
as  the  writer  firmly  believes  will  happen,  liners  in  the  Australian 
trade  materially  increase  in  size,  it  is  more  than  probable  that  either 
the  dock  or  the  Port  of  Fremantle  would  have  to  be  moved. 

Bearing  in  mind  that  a  great  deal  of  the  work  done  on  the  site, 
such  as  dredging,  would  be  reproductive,  the  Government  decided : 

1. — To  look  elsewhere  for  a  dock  site; 

2. — To  build  a  quay  on  the  north  side  of  the  dock  site  capable  of 
berthing  any  mammoth  liner  afloat,  and  as  such  berth  was  at 
the  mouth  of  the  river,  it  would  entail  the  minimum  amount 
of  dredging  for  an  entrance  to  the  deep-water  berth ;  and 

3. — To  dredge  away  everything  to  the  south  and  west  and  so  very 
materially  improve  the  harbor. 

It  is  never  satisfactory  to  abandon  any  engineering  work;  never- 
theless, it  is  the  duty  of  the  engineer  to  keep  a  careful  watch,  and  fore- 
cast the  ultimate  expenditure  of  the  work. 

Taking  all  items  into  consideration,  everything  indicated  that  the 
ultimate  cost  of  the  dock  would  be  exceptionally  heavy,  and,  at  the 
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same  time,  the  pmbaltle  leluiii  oii  the  money  expended  through 
steameis  utilizing  the  dock  would  he  small;  consequently,  the  Govern- 
ment was  fortunate  in  being  able  to  take  advantaRC  of  the  alternative 
scheme  and  utilize  the  work  already  done. 

The  latent  resources  of  Western  Australia,  such  as  timber,  mining, 
agriculture,  dairying,  wool,  and  fruit,  are  being  rapidly  developed 
by  a  progressive  Government,  and  a  I'lirtiier  extension  of  the  Harbor 
of  Fremantle  has  been  authorized. 

Table  1,  is  a  schedule  of  the  rates  of  pay  for  the  various  classes  of 
workmen  engaged  on  the  work,  and  may  be  of  interest.  The  hours 
worked  totaled  48  per  week,  and,  in  addition,  there  were  10^  paid 
holidays  per  annum. 


T.VIMJ-:  1. — llATKs  OF  Pay  of  Woukmen. 


Class. 

Rate  per  day, 
in  shillings. 

Class. 

Rate  per  day, 
in  shillings. 

20 
14 
11 
14 
14 
15 
13 

9^  and  10 
12 
10 

I I  and  12 

III  and  11 
12 
121^ 

9hi 
12 

9 
10 
10 

9^ 

12 

12 
12 
10 
11 
u 

Foreman  carpenter 

Foreman  shipw right 

Loco,  firemen 

(Sawyer 

9^ 

20 
10 

Storekeeper 

Dam  watchmen 

Di  \ e IS 

Timekeepers 

( 'lerks 

lender 

Blacksmiths 

Plumber 

13 
91^ 

Fitters 

Timbermen. 9i^ 

9iZ 

9 

9 

Crane  attendants 

Drillers 
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Discussion.* 


Bv  S.  XiLAR  Y  Boy,  Assoc.  M.  Am.  See.  C.  E.f 


S.  ViLAR  Y  Boy,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Regard-  Mr. 
ing  the  four  conditions  required  to  deal  with  a  continuous  beam  as  ^3*'".-^' 
though  it  were  two  independent  beams  fixed  at  the  intermediate  sup- 
port, Conditions  1  and  3  are  of  course  fulfilled  and  also  Condition  2, 
because,  when  settlement  is  feared,  a  structure  is  not  supported  at 
different  levels,  but  on  the  same  level;  and  it  is  under  the  condition 
of  the  same  level  that  loads  act  on  the  structure,  which  will  settle  un- 
evenly if  the  foundations  are  not  well  proportioned  to  the  loads  they 
are  to  sustain.  This  is  wh.at  must  be  avoided;  therefore,  it  cannot  be 
considered  as  an  actual  working  condition. 

As  for  Condition  4,  it  is  not  mathematically  fulfilled,  but  might 
be  accepted  as  approximate  enough,  because  the  position  of  the  engine 
for  the  maximum  reaction  on  the  intermediate  support  agrees  very 
nearly  with  it,  for  which  the  writer  refers  to  Fig.  2  and  to  Article  15 
of  "llailroad  Construction,"  by  W.  L.  Webb,  M.  Am.  Soc.  C.  E.,  in 
regard  to  the  possibility  of  assuming  uniform  axle  loads,  uniformly 
spaced,  in  computing  trestle  works,  with  results  approximate  enough 
in  actual  practice,  which  is  the  writer's  standpoint,  as  stated  in  the 
preface  of  the  paper. 

Moreover,  it  is  usual,  in  working  out  solutions  of  engineering 
problems,  that  some  assumptions  be  made,  for  the  sake  of  simplicity 
in  the  resulting  formulas,  provided  they  prove  to  be  approximate 
enough  in  practice. 

In  quoting  the  equation  for  the  reaction  at  A,  Mr.  Howalt  shows 

W  b        Z  .  Wb 

—      instead  of ,  — Z,  acconlinL;-  to   tlic  writer's  dcveloiJincnt  ; 

a~-b       -2  a  +  &  ' 

that  is  the  point  in  discussion,  and  the  uplift,  —  Z,  has  been  taken 

into  account  when  calculating  the  reaction. 

♦Conlinued  from  October,  1012,  Pmceeriings. 
+  Author's  clos^ure. 
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Mr.  As  for  Fig.  3,  which  was  used  as  a  loading  diagram  to  compute 

goy^  the  cross-section  of  beams,  the  writer  accepted  it  in  spite  of  the  fact 
that  it  is  not  absolutely  exact,  either  for  the  bending  moment  or  for 
the  end  reaction,  because,  if  refined  accuracy  is  not  required,  it  is  rather 
usual  to  compute  the  bending  moments  by  placing  the  heaviest  axle 
loads  about  in  the  center  of  the  span,  and  the  others  in  their  relative 
positions.  As  for  the  reactions,  they  are  calculated  for  the  heaviest 
total  load  on  the  beam,  and,  after  stating  that  the  formula  obtained 
for  the  moment,  M,  ought  to  be  disregarded  in  practice,  the  writer 
did  not  consider  it  necessary  to  go  fully  into  the  matter,  as  everybody 
is  acquainted  with  the  influence  diagrams  and  the  method  of  the 
French  engineer,  M.  Ba.rre,  of  fixing  the  position  of  the  center  of 
gravity  of  the  axle  loads  for  the  maximum  bending  moment  on  end- 
supported  beams. 

The  foregoing  assumption  might  be  checked  as  follows : 

Let  M  =  38.7  tons,  as  accepted  in  the  writer's  calculations,  so  that 
M  =  19.3  tons  under  each  rail  =  232  in-tons  ^=  0.5  tons  (permissible 

stress)  X  „  (section    iiKxhilus).       TlHTcrurc,  _  =  404,  wliich  practically 
Zi  Zj 

corresponds  to  two  6  by  16-in.  pieces,  the  section  modulus  of  which 

is  512. 

Using  the  bending  moment,   M  =  42.07  tons,   as   worked   out  by 

Mr.  Howalt,  M,  under  each  rail  =  21.03  ft-tons  =  252.36  in-tons,  and 

assuming  as  bcfoi'c  that  »S'  =  ()..")  tons,      :=  .j()4. 72,  which  also  corresponds 

to  two  6  by  l(j-in.  jjieees. 

Therefore,  the  writer's  purpose  being  only  the  comparison  of  the 
resulting  cross-sections  for  the  same  loading  diagram,  both  in  the  case 
of  the  end-supported  beam  and  of  the  one  fixed-end  beam,  the  use  of 
Fig.  3  does  not  appear  to  be  unreasonable. 

The  value  of  M  =  30  ft-tons  does  not  apply  to  Fig.  2,  as  Mr. 
Howalt  appears  to  think,  but  to  Fig.  3,  which  might  be  ascertained  by 
checking  up  the  arithmetical  calculations,  so  that  really  it  cannot 
be  compared  to  the  value,  M  =  49.92  ft-tons,  obtained  by  Mr.  Howalt 
for  Fig.  2,  even  if  such  value  be  correct. 

The  writer  does  not  like  to  insist  on  trifles,  but  his  attention  was 
called  to  the  fact  that  the  bending  moment  for  a  continuous  beam 
under  concentrated  loads  is  higher  than  for  an  end-supported  beam 
covering  the  same  span  at  the  rate  of  49.92  ft-tons,  as  against  42.07 
ft-tons  (both  figures  calculated  by  Mr.  Howalt),  and  although  the  mat- 
ter has  been  explained  quite  definitely  by  Mansfield  Merriman,  M. 
Am.  Soc.  C.  E.,*  the  writer  checked  up  the  foregoing  figures  as  in 
Fig.  5. 

*  "  Mechanics  of  Materials,"  Chapter  on  "  Comparison  of  Beams." 
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'Iho  central  load  of  12  tons  being  disregarded,  as  it  bears  directly     Mr. 
iiu    /)'.    and,    thercl'oro,    produces    no   deflection,   the   theorem   of    three    Boy. 
moments   for   concontratcd    loads    might   he   applied    to  the   two   11-ton 
axles,   and   therefore: 

.1/'  /'    ■    -J  .1/"  (/'    ■    /")    '■    M'"  I"  =-  — r'  /'•-  (K  -  /v'-') 
I'"  J"-  (-1  K  -:j/v-  4  Jv-'). 

As  the  beam  is  simply  supported  at  the  ends,  M'  =  M'"  =  0.  Also, 
I'  =  I"  =  Y2  ft..  K  =  0.54  for  the  first  span,  and  K  =  0.5  for  the 
second  span. 

Then : 

is  lA"  =  — 11  X  144  ((».:)4       o.lc.)       11  X  144  (1 —O.7.')  I  0.1  •_'.-.) 

is  l/"  = —  11  X  144  (0..-,4       o.Ki       1  ^-O.T.-) -i  O.l-J.')) 

1  1  !).->. U-i 
=  -11  X  144  X  0.7.V)  =  —  1  lli.-).i)-2  ;  aiul  M"  =  —  — 

48 

=  —  24.111  f't-tons,  as  against  4!).!t2  given  hy  Mr.  Ilowalt. 


Fig.  5. 

Dealing  with  the  continuous  beam  as  though  it  were  two  separate 
beams  fixed  at  the  intermediate  support,  and  applying  the  writer's 
formula  for  M,  the  residts  are  as  follows: 

For  the  first  span  =  2.'5.2  ft-tons; 
For  the  second  span  =  24.7  ft-tons; 

as  against  the  24.91  ft-tons  given  by  the  theorem  of  three  moments, 
whereas   Mr.   Howalt's  figui'es   are  about  twice  as  great. 

As  the  obtained  value  for  the  reaction  at  B  "happens  to  be  correct," 
and  the  value  of  M,  according  to  the  same  method,  also  happens  to 
be  very  close  to  the  exact  figures,  and,  moreover,  as  the  whole  de- 
duction is  in  accordance  with  the  general  principles  of  the  theory  of 
flexure,  the  writer  thinks  that  his  method  is  not  altogether  wrong, 
although  he  considers  that  in  practice  it  must  be  disregarded  in  com- 
puting the  cross-sections  of  stringers,  as  stated  in  the  paper. 

Referring  to  Mr.  Parker's  discussion,  the  only  point  to  be  decided 
is  whether  or  not  the  results  obtained  by  considering  the  continuous 
beam  as  two  independent  beams,  fixed  at  the  middle  point,  are  approxi- 
mate enough  in  practice.  Of  course,  the  deduction  on  the  basis  of 
the  theorem  of  three  moments  is  mathematically  exact  and  excludes 
any  assumption,  and,  furthermore,  Mr.  Parker's  formulas  are  so  handy 
that  had  the  writer  known  of  them,  he  would  have  accepted  and  ixsed 
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Mr.  them  instead  of  working  out  the  solution  of  the  same  problem  in  a 
^^'o^;7  different  way. 

At  the  same  time,  Mr.  Parker's  conclusion  as  to  the  method  in  the 
paper  giving  a  much  less  reaction  at  R^  than  the  correct  one,  is 
probably  due  to  the  fact  that  the  percentage  shown  by  the  curves  in 
Fig.  4  refers  to  the  actual  load  on  the  beam,  whereas  the  percentage 
shown  in  the  paper  refers  to  the  calculated  reaction  without  regard 
to  the  continuity  of  the  beam. 

The  figures  obtained  by  applying  Mr.  Parker's  formulas  to  Fig.  2 

will  prove  it: 

1  „ 

7?.,  ^=  wa  +       "'  (('  —  «  )  ,uiv('s  the  tollowiiiii-  icsults  : 

For  the  left-hand  load,  Ji.,  =    S.();i  as  auaiiist  S.OCi  sliowii  in  tlic  paper. 
For  the  right-liand  "     J?'.,  =    7..")!)  •■  •■       7..-)(i       ■■        ••     •• 

Load  restino-  on  B,     J?".,  =  12.00  =  12.00      "       "    " 


Total  rcaetiou  at  J>,  27.r)2  =  27.(i2s]i()wn  iii  the  paper. 

In  order  to  prove  that  the  foregoing  result  is  not  a  mere  coincidence, 
the  writer  tried  to  compare  both  formidas  (Mr.  Parker's  and  his  own) 
from  a  theoretical  and  abstract  standpoint,  as  follows: 

To  avoid  any  misunderstanding,  the  symbols,  a  and  h,  in  the  writer's 
formula  will  be  expressed  in  Greek  letters,  a  and  ^,  because  in  such 
formula  a  and  h  represent  the  actual  dimensions,  in  feet,  whereas  in 
Mr.  Parker's  they  are  fractional  factors,  so  that  the  actual  lengths 
of  the  two  stretches  of  beam  are  al  and  hi,  respectively,  that  is  to  say, 
a  =  al  and  [3  =  l>l,  and  as  a  -]-  /3  must  be  equal  to  the  total  span,  l, 
it  follows  that  a  -\-  h  =  1. 

Therefore,  the  writer's  formula  : 

Wa        Waf5  {1  +  a)       .„  ,  .,  ,         , 

Jx.y  =  — h       _^ ,  Will  l)c  easily  reduced  to  : 

7?2  =  Wa  H -—3--' =  H  a  + —3- -^  or, 

W 

7^2  =  Wa  +  —  Xah  (1  +  «),  but  6  =  1  —  n,  so  tliat 

W  W 

7?,  =  IF  a  f    _^  X  «  (1  —  (/)  (1  +  a)  =  TFo  f  -^  X  a  (1  —  a') 

W 

7?2=  TFa  +  —  (a  —  a^) 

which  is  identical  with  the  resulting  formula  on  the  basis  of  the 
theorem  of  three  moments,  this  being  why  the  writer  believes  that 
Mr.  Parker's  assertion,  about  the  different  results  obtained  from  his 
and  the  writer's  formula,  is  due  to  a  misunderstanding. 
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Siniilnrl.w  tlio  writer's  fornuila  for  R,  might  be  reduced  to: 

I' I       >'■'>-  „  "■  {((  —  "') (-^) 

;iL;;iin>t    l,\         irl,  ir  (,i         ,/■')  rroiii  llic    tlirorini    of    llii-fi'    moiiH'iits. 

4 

till'   (lil't't  rciicc    lictwcrii   ilioc    twi)   ViiliU's    liciiii;-  IV    (o.  —  rr*).   tlic 

4  ^  ' 

iiKixiiniiiii    (if   tlio   iilisolute   value   of  wliich    (for   a   constant  load,   w) 

I'orresponds  to  the  nuiximuni  value  of  (a  —  a"),  the  first  derivative  of 

whicli : 

1        ;!  "-  f(|iiali/i(I    ti)   (I.  that    is   to  sav.  1  — :>  (('"    -  (t.  solved    lor  a   leads 

h        / 

to  /(        .     ^  7^  y  0.;}8:5."5  =  o..)S.  wliich  i(Hi-es])on(ls  to  a  iiKixiinuni  ot  tlu- 

rniiction.  as  the  second  deri\ati\'e  is  a  ne^'ative  expi'essioii. 

'riierefore.  the    iiiiixiniuin    alisolute    \alue   of       n-  1(1  —  (>■')  should  Ite: 

4        ^  ' 

1  1 

,r   (()..-,S  —  (I. •_>())    :--         ir   X   (•.:iS  =--  (I.09.")   "',  or.   in    otlier  words,  the 

maxim uin  error  in  the  value  of  R^,  due  to  the  vpriter's  assumption, 
should  be  9^%  of  the  load,  w,  in  case  only  one  span  is  loaded,  as  shown 
in  Fiii*.  4. 


-^"K ^ >"< b ^T? « '- »t 


Mr. 

Vilar  y 

Boy. 


A^ i^i %c 


Pig.  t). 

If  tlie  two  spans  are  loaded,  as  in  Fig.  (\,  the  reaction  at  A  should 
be   as   follows: 

On  account  of  the  load.    IT.    /•,  -=  Wh —       W  {a  —  rr\) 

•    IP.r/^(       )-^  W'ia'  ^  <,'■■') 

and.  ihei-efoi-e.  the  total  reaction  at  .1   would  he  : 

/.',  =.  ir  h  —       W  {,1  —  ir")  —       W  („'  -     <,'■'■) 
4  4 

and.  if  W  IC.  n  —- ii' .  J)  =^  Ij' .  or.  in  other  woids.  if  the  ^pans  l)e 
symmetrically  loaded  :  ]{^=zxi)h —  ir  (a  —  r/'').  which  is  identical  with 
Equation    (4),   so  that   if  the   axle   loads   are   uniform  and   uniformlv 
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Mr.     spaced,  which  is  the  case  of  the  engine  drivers  in  the  standard  loading 
^Boy^  diagram,  both  formulas  (!Mr.  Parker's  and  the  writer's)  should  lead  to 
exactly  the  same  values. 

As  for  the  actvial  axle  loads,  the  conditions  prove  to  be  so  close  to 
symmetry   that   the    difference   between   the   results    of   both  formulas 
may  be  disregarded  in  practice. 
Referring  again  to  Fig.  2 : 

a  =  ().."')4.  J)  =  (l.4(;.  <('  =  ()..-).  '/  -=  ()..-),  ir  =  W  =^  11  tons,  so  tliat 
liy  usinii'  Mr.  Parker's  nictliod  : 

/?,  =   11    X().4()  —        11    (d.-U  —  O.Ki)—        11    (()..-,     -    (1.12.-)) 
4  4 

=  11  ((l.4(;— (l.d;).')  —  (l.()!)4)  =  11  X  0.271  =-  2.!»Sl  tons. 

WluTfas.  tlic  w  rit('i'''s  nictliod  uivi's  : 

j^  =  1^AJ-liX'-x--x"^-  =  nxo^4«-nxn.iiii 
'  12  .-5  4r,(; 

=  11  X  0.269  =  2.9.V.)  tons. 

The  error  is  2.981  —  2.959  =  0.022  tons,  that  is  to  say,  less  than  1% 
of  the  exact  value,  which  is  within  the  error  of  the  slide-rule,  the  use 
of  which  is  generally  accepted. 

Reviewing  the  whole  discussion,  the  following  conclusions  might 
be  obtained: 

First. — As  for  the  value  of  the  reaction  at  the  intermediate  sup- 
port (which  was  the  writer's  primary  purpose),  the  assumption  of  a 
continuous  beam  being  equivalent  to  two  separate  beams  fixed  at  the 
intermediate  support  proves  to  be  absolutely  exact  in  any  case. 

Second. — As  for  the  reaction  at  the  ends  and  the  bending  moment, 
the  above  assumption  is  absolutely  correct  in  the  case  of  the  two  spans 
being  symmetrically  loaded,  and  approximate  enough  in  practice  for 
the  actual  loading  diagrams. 

Third. — As  for  the  reaction  at  the  ends  and  the  bending  moments, 
the  assumption  should  be  incorrect  in  the  case  of  only  one  span  being 
loaded,  which  is  not  the  actual  loading  diagram  in  the  problem  sub- 
mitted by  the  writer. 
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Bv  W.  E.  Lilly,  EsQ.f 


W.  E.  Lilly.  Esq.  (by  letter). — Mr.  Godfrey's  discussion  contains  Mr. 
;i  groat  deal  of  controversial  matter  regarding  the  strength  of  columns,  "'  ^' 
and  the  writer  will  endeavor  to  reply  to  some  of  the  points  that  have 
been  raised.  It  is  to  be  regretted,  however,  that  Mr.  Godfrey  was 
not  more  definite  in  stating  his  objections.  Vague  statements,  unless 
based  on  reasoning  of  some  kind  or  experimental  evidence,  can  hardly 
be  considered  as  discussion  on  the  subject.  Mr.  Godfrey  states  that 
he  has  repeatedly  assailed  both  the  Rankine-Gordon  and  Euler  formulas 
for  columns,  and  has  observed  and  demonstrated,  in  his  practice  and 
reading,  that  confidence  in  these  formulas  has  resulted  in  failure. 
The  writer  totally  differs  with  him,  after  an  examination  of  the 
majority  of  the  tests  made  on  columns.  From  the  results  of  his  own 
experiments,  he  has  come  to  the  conclusion  that  the  Rankine-Gordon 
formula,  when  secondary  flexure  is  allowed  for,  may  be  relied  on  for 
the  design  of  eolunms;  and,  as  he  has  shown  in  previous  papers,  it 
gives  results  which  agree  more  closely  with  the  experimental  tests 
than  can  be  obtained  by  the  use  of  any  other  formula;  further,  the 
formula  is  logically  derived,  a  merit  not  possessed  by  any  other  column 
formula.  He  has  fully  discussed  the  derivation  of  both  the  Rankine- 
Gordon  and  Euler  formulas  in  the  papers  referred  to  in  the  Appendix. 

Mr.  Godfrey's  examples  of  the  uses  of  Rankiiie-Gordon's  and 
Euler's  formulas  are  tmfortunato,  and  show  how  dangerous  it  is  to 
use  the  constant  in  the  Rankine-Gordon  formula  without  knowing 
how  it  has  been  derived.  Euler's  formula  always  gives  a  greater  value 
than  that  obtained  from  the  Rankinc-Ciordon  formula  under  similar 
conditions  of  column   loading.     The  writer  would  refer  Mr.   Godfrey 
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to  the  constants  given  in  the  paper  and  to  the  manner  of  their 
derivation. 

Mr.  Godfrey  states  that  the  Rankine-Gordon  formula  fails  to  meet 
the  needs  of  the  practical  design  of  columns,  and  that  the  straight -line 
formula  is  far  superior.  It  gives  results  closer  to  those  obtained  from 
experiments,  and  there  are  several  reasons  why  it  should.  In  the 
paper  the  writer  has  referred  to  the  merits  of  the  Eankine-Gordon 
formula  as  a  practical  one  for  the  design  of  columns,  and  does  not 
propose  to  discuss  it  further.  He  has  also  referred  to  the  straight- 
line  formula.  His  own  experiments  show  that  it  does  not  give  results 
which  agree  closely  with  the  experiments,  and  there  are  no  reasons, 
based  either  on  theory  or  experimental  evidence,  why  it  should. 

Mr.  Godfrej"  mentions  two  instances  of  columns,  in  which  the 
component  parts  were  joined  by  batten-plates  and  of  the  disastrous 
results  which  followed  the  vise  of  these  columns.  The  writer  agrees  with 
Mr.  Godfrey  that  lattice  bracing  should  be  used,  as  columns  of  this 
kind  cannot  transmit  the  shear  stresses  set  up  by  the  bending  of 
the   columns. 

Mr.  Eckersley's  remarks  are  generally  in  accordance  with  the 
writers  views;  the  mathematical  treatment  of  the  column  problem, 
however,  in  the  present  state  of  knowledge,  appears  to  be  so  full  of 
difficulties  as  to  be  almost  incapable  of  rigorous  solution,  notwith- 
standing the  efforts  made  in  this  direction  by  various  investigators. 
It  is  for  tliLs  reason  that  so  many  semi-empirical  formulas  have  been 
put  forward  at  different  times,  and  of  these,  as  stated  in  the  paper, 
the  writer  considers  the  Rankine-Gordun  formula,  together  with  lii- 
own  modification  of  it,  to  be  the  best. 

He  thinks  that  any  attempt  to  solve  the  column  problem  sliould 
be  approached  somewhat  as  follows:  Let  a  solid  column,  as  shown  by 
Fig.  1,  be  given,  in  which  the  load  is  applied  at  a,  given  eccentricity, 
e.  When  loading  is  gradually  applied  to  the  column,  it  commences 
to  bend  or  deflect,  and  the  magnitude  of  the  deflection  depends  on  the 
elasticity  of  the  material,  other  quantities  being  assumed  as  constant. 
As  the  loading  is  increased,  the  deflection,  increases,  and  when  it 
reache.s  a  limiting  value,  depending  on  the  strength  of  the  material, 
failure  of  the  column  takes  place.  The  problem  thus  considered  shows 
that,  among  other  quantities,  three  are  involved,  namely,  the  coefficient 
of  elasticity,  E,  the  strength  of  the  material,  /,  and  the  deflection,  d, 
when  failure  of  the  column  takes  place. 

It  follows  that  any  column  formula  must  of  necessity,  among  other 
quantities,  include  these  three,  if  it  is  to  be  generally  applicable.  The 
mathematical  treatment  of  the  problem  leads  to  difficulties  in  de- 
termining the  deflection,  d,  and  as  far  as  the  writer  is  aware,  it  can 
only  be  approximated  to.  It  remains  for  future  investigators  to  de- 
termine the  rigorous   form   of   the   function  governing  the  deflection. 
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The  formation  of  a  satisfactory  column  formula  will  then  be  an  easy    Mr. 
matter.  L"'>" 

Mr.  Prichard's  remarks  require  a  more  detailed  reply,  and  the 
writer  will  endeavor  to  discuss  the  more  salient  points  raised.  Mr. 
Prichard  states  that  he  "does  not  share  the  author's  opinions  as  to  the 
theoretical  and  practical  excellence  of  the  Rankine  formula,  and  he 
does  not  approve  of  the  use  of  such  a  high  unit  stress  for  the  'strength 
to  compression'  " ;  and,  further,  after  referring  to  Rankine,  he  states : 

''Subsequently,  he  [Rankine]  makes  the  mistake  of  applying  one 
of  these  equations  to  the  deflection  of  columns,  entirely  overlooking 
or  neglecting  the  fact  that,  in  all  cases  of  ordinary  columns,  part,  at 
least,  of  the  stress  in  the  extreme  fiber  is  due  to  direct  compression. 
This  mistake  leads  to  an  erroneous  formula  for  columns,  which,  on 
the  strength  of  Rankine's  endorsement,  has  deceived  and  has  con- 
tinued to  deceive  engineers,  and  interfere  with  a  correct  understanding  ' 
of  the  subject,  for  more  than  fifty  years. 

**The  error  is  reflected  in  the  author's  Equation  6  for  deflection  of 
columns,  which  he  makes  a  factor  of  the  total  stress  intensity  in  the 
extreme  fiber,  f,  instead  of  a  factor  of  /  —  p,  as  it  should  be  (p  being 
the  load  per  unit  area).  The  author  prefaces  this  substitution  with 
:in  unwarranted  assumption,  which,  as  he  states,  'errs',  and  gives  what 
he  terms  'the  first  approximation'."' 

With  regard  to  the  foregoing  remarks,  either  Mr.  Prichard  is  in 
error,  or  he  has  not  studied  the  underlying  assumptions  made  in  the 
derivation  of  the  Rankine-Gordon  formula ;  for  the  real  point  of  the 
formula  is  that  it  does  allow  for  the  stress  in  the  extreme  fiber  due 
to  direct  compression.  Mr.  Prichard  is  also  in  error  in  stating  that 
f  —  p  should  be  used  for  p  in  the  derivation  of  the  formula,  and  the 
writer  would  refer  him  to  the  articles  in  Engineering,  quoted  in  the 
appendix  to  the  paper,  in  which  he  will  find  the  Rankine-Gordon  and 
Eulers  formulas  fully  discussed.  There  is  no  doubt  that,  after  perus- 
ing the  same,  he  will  qualify  his  opinion  regarding  the  substitution 
referred  to  being  an  unwarranted  one.  Mr.  Prichard  then  quotes 
from  Rankine  the  theorem  underlying  the  Eulerian  analysis  of  a 
spring  OT  slender  column,  and  states : 

"In  view  of  the  prevalent  uncertainty  as  to  the  theory  of  perfectly 
elastic,  initially  straight,  centrally  loaded  columns,  the  writer  suggests 
that  the  author  state  whether  he  accepts  this  theorem  of  Rankine's; 
and  if  he  does  not  accept  it,  that  he  indicate  wherein  he  considers 
Rankine's  'proof  to  be  in  error." 

Tu  the  articles  in  Engineering  previou.sly  referred  to.  the  writer  has 
already  stated  his  objections  to  the  Eulerian  analysis,  and  pointed  out 
wherein  it  errs ;  the  assumption  of  /,  the  moment  of  inertia,  remaining 
constant  when  applied  to  columns  is  false;  also  the  value  of  E  does 
not  remain  constant  outside  the  range  of  the  elastic  limits.    An  article 
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Mr.    in  Engineering^'   on   the  strength  of  columns   will  give  Mr.  Prichard 
^'  further  information  on  this  point. 

Mr.  Prichard  does  not  agree  with  the  writer's  high  unit  stresses 
adopted  for  the  strength  to  compression,  and  states: 

'"The  yield  points  of  wrought  iron  and  steel  are,  beyond  question, 
the  critical  stresses  for  wrought-iron  and  steel  columns,  and  should 
be  substituted  for  the  crushing  resistances  given  in  Table  1  as  'the 
strength  to  compression'." 

The  writer  does  not  agree  with  this  statement;  from  his  own  experi- 
ments he  is  of  the  opinion  that  the  yield  point  can  only  be  determined 
with  any  degree  of  accuracy  on  annealed  bars.  On  bars  which  had  been 
subjected  to  cold  rolling  or  to  permanent  strain  he  doubts  whether  any 
real  yield  point  could  be  said  to  exist.  He  thinks  that  too  much  im- 
portance has  been  attached  to  this  quantity  as  a  standard  measurement. 
Tables  2  and  3,  given  by  Mr.  Prichard,  show  a  variation  of  the  values 
from  29  000  to  49  000  lb.  per  sq.  in.,  and,  in  view  of  such  wide  varia- 
tions, the  writer  prefers  to  retain  the  values  for  the  strength  to  com- 
pression given  in  the  paper.  He  would  refer  Mr.  Prichard  to  a  paper 
on  the  elastic  limit  and  strength  of  materials, f  in  which  the  above 
points  are  more  fully  discussed. 

Mr.  Prichard  refers  to  the  formula  for  cukuuns  given  by  Marston, 
and  states,  in  Table  5,  that  this  formula  was  first  given  by  Marston  in 
the  Transactions,  Am.  Soc.  C.  E.,  Vol.  XXXIX,  and  since  endorsed 
by  many  authorities.  Mr.  Prichard  is  in  error;  the  formula  wa.s  given, 
as  long  ago  as  187S,  by  Smith.:}:  and  modifications  of  it  have  been  given 
by  Perry  and  Neville.  JMr.  Prichard  puts  forward  this  formula  as  a 
rigorously  theoretical  one;  this,  however,  is  not  the  case,  as  the  writer 
showed  in  the  articles  in  Engineering  already  referred  to.  Considered 
from  the  point  of  view  of  a  practical  column  formula,  it  is  open 
to  many  objections.  The  values  given  in  Table  5  show  this.  In  the 
particular  case  when  the  eccentricity,  e  =  0,  the  loads  on  the  column, 

for  values  of      between  0  and  70,  are  all  equal,  and,  for  values  greater 

than  70,  the  loads  follow  the  Eulerian  curve;  this  is  equivalent  to  as- 

l 
suuiini;  that,   tor   values  of        between    0  and    70,  tlie  column  has    no 

I 
deflection    when    laihaf    takes   place,   and  tlien   tor  values  of  —   crreater 

P  ■" 
than  70  for  the  deflection  to  vary  approximately  as  the  square  of  the 
length  of  the  column.     This  is  contrary  to  experience,   as  shown  by 
tests  on  columns,  and  is  evidently  incorrect.     To  assume  some  value 
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I'di-    the    yield    iKiiiit    of    tlif    luiitcriai    froiii    cxperimriit,    and    then    to    Mr. 

,  Lilly. 

assrrt   that    no  (-(111111111    wiMiiii    llic   ranuc   ol'  lictwccii  (I  and  TC  wlieii 

/' 
Idiided  with  tlie  load  per  unit  of  area,  will  bend,  is  inconceivable;  and 
yet  this  is  the  standpoint  from  which  Mr.  Prichard  bases  his  faith 
in  the  Sinith-]\rarston  formula.  Experiments  show  that  columns  al- 
ways bend  before  failure  takes  ])lace,  and  the  writer  is  of  the  opinion 
that  some  function  of  the  length  must  be  assumed  for  the  deflection 
in  the  derivation  of  any  useful  column  formula.  It  is  in  this  respect 
that  the  Eulerian  analysis  has  had  such  a  retarding  influence  on 
investigations  on  columns,  in  the  enunciation  of  a  critical  load  as 
obtained  from  Euler's  formula,  together  with  a  zero  deflection  of 
the  column,  in  contradistinction  to  the  idea  that  the  essential  point  to  be 
considered  is  the  deflection  of  the  column  when  failure  takes  place. 
The  Smith-Marston  formula  has  never  found  favor  with  engineers, 
owing  to  its  being  troublesome  to  use  in  practice;  if  it  were  theoretic- 
ally correct,  this  would  be  no  argument  against  it,  but,  as  it  is  not, 
there  is  nothing  to  be  gained  in  using  it.  In  conclusion,  Mr.  Prichard 
states : 

''An  iiuportaiit  step  in  this  direction  will  have  been  taken  when  it 
l>e(_-omes  generally  recognized  that  Rankine's  formula  is  based  on  a 
blunder  caused  by  a  plausible  but  fallacious  assumption  of  analogy 
in  deflection  of  beams  and  columns,  that  it  has  only  the  semblance  of 
a  'theoretic  basis',  and  that  it  is  not  even  a  good  empirical  formula 
for  wrought  iron  and  steel." 

The  statement  of  the  derivation  of  the  Eankine-Gordon  formula 
is  incorrect;  if  anything,  it  applies  more  nearly  to  the  formula  advo- 
cated by  l\rr.  Prichard.  n.s  the  writer  has  shown  in  the  articles  already 
referred  to. 

Mr.  Branne's  remarks  are  of  interest  to  the  writer.  As  far  as 
he  is  aware,  the  Rankine-Gordon  formula  is  the  only  one  which  per- 
mits the  determination  of  the  sizes  of  the  bracing  in  a  logical  way, 
and  the  examples  given  in  the  paper  show  that  the  results  obtained 
by  its  use  are  closely  correct.  From  a  comparison  of  the  tests  carried 
out  on  columns,  it  is  difficult  to  generalize,  owing  principally  to  the 
limited  range  of  the  length  of  the  columns  tested,  and  it  is  to  be 
hoped  that,  in  the  future,  in  arranging  for  further  experiments,  this 
point  will  be  borne  in  mind. 

In  conclusion,  the  writer  thanks  those  gentlemen  who  have  discussed 
the  paper.  Some  difference  of  opinion  was  to  be  expected,  the  subject 
being  one  of  much  complexity.  If  the  paper  leads  to  a  co-ordination 
of  the  results  of  the  tests  on  columns,  the  writer  will  feel  that  he  has 
been  nnijily  rcjiaid  for  the  labor  of  preparing  it, 
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Discussion.* 


By  C.  R.  Vorce,  M.  Am.  Soc.  C.  E. 


C.  B.  VoRC'E,  .M.  Am.  Soc.  C.  E.   (by  letter). — The  writer  has  read    Mr. 
Mr.  Polk's  paper  with  much  interest,  and  is  glad  that  a  matter  of  such 
vital  importance  to  so  many  mcniliers  has  been  bi'ought  to  the  atten- 
tion of  the  Society. 

As  an  expenditure  of  many  thousands  of  dollars  is  involved,  a  very 
careful  study  should  be  made  before  a  type  of  permanent  track  con- 
struction is  adopted.  In  many  cases,  failure  has  occurred  by  reason 
of  a  lack  of  study  of  the  character  of  the  foundations,  and  a  type  not 
at  all  suitable  to  existing-  conditions  has  been  chosen  simply  because 
other  railroads  have  used  that  type  successfully. 

The  writer  has  had  very  poor  results  with  the  girder  type  of  con- 
struction adopted  by  Mr.  Polk.  This  type  was  the  standard  when  the 
writer  became  connected  with  the  British  Columbia  Electric  liailway 
Company.  Limited,  of  Vancouver,  but,  on  account  of  poor  fovmdations, 
the  girders  had  broken  l)ndly.  with  most  disastrous  results  to  both  pave- 
ment and  track. 

After  a  careful  study,  the  writer  recommended,  and  the  manage- 
ment adopted,  the  type  of  construction  shown  on  Fig.  4.  Since  that 
time  about  !.">  miles  of  double  track  of  this  type  have  been  laid,  and 
as  yet  no  signs  of  failure  can  be  seen. 

It  is  the  writer's  opinion  that  it  is  possible  to  buiUl  too  rigid  a 
track.  He  is  trying  to  avoid  a  hard,  rigid,  inelastic  track,  Avhich  in- 
creases both  car  and  track  maintenance,  and  tor  this  reason  he  criticizes 
the  steel  ties  embedded  in  concrete  used  by  Mr.  Polk.     The  concrete 
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Mr.  between  the  ties  and  under  the  rail  will  shrink,  allowing  the  rail 
to  move  slightly.  The  writer  is  in  favor  of  wooden  ties,  spaced  2  ft. 
from  center  to  center,  surfaced  on  about  1  in.  of  sand,  which  acts 
as  a  cushion.  This  type  has  given  excellent  satisfaction  in  Vancouver, 
and  is  not  as  noisy  and  rigid  as  the  steel  tie  construction. 

As  to  the  life  of  the  wooden  ties :  On  special  work  in  Vancouver, 
ties  which  have  been  embedded  in  concrete  for  14  years  have  been 
taken  up  and  found  to  be  perfectly  sound. 

Although  Mr.  Polk  goes  into  seemingly  great  refinement  to  get 
a  tight  joint,  he  does  not  mention  the  grinding  of  the  rail  ends  so 
that  each  shall  be  in  the  same  horizontal  plane,  which  is  a  matter  of 
vital  importance.  The  rail  ends  vary,  and,  no  matter  how  slight  this 
variation  may  be,  iniless  they  are  ground  to  the  same  height,  pound- 
ing at  the  joints  will  occur,  cupping  will  commence,  and  the  track 
will  fail  at  the  joints  while  the  remainder  is  in  perfectly  good  condi- 
tion. When'  it  is  remembered  that  the  joints  are  only  about  6%  of 
the  total  track  length,  it  is  readily  seen  to  be  good  business  to  make  the 
joints  as  nearly  perfect  as  possible. 

Although  the  writer's  company  has  bought  the  best  paving  bricks 
obtainable  on  the  Pacific  Coast,  the  results  with  them  in  forming  a 
flangeway  on  the  running  side  of  the  rail  have  been  very  poor,  as 
the  bricks  break  off  at  the  nose  very  quickly;  for  this  reason  the 
company  has  been  forced  to  adopt  granite  flangeway  blocks,  although 
the  cost  is  at  least  50%  greater. 

As  many  of  the  streets  in  Vancouver  are  paved  with  wood  blocks, 
which  are  narrower  than  the  granite  flangeway  blocks,  no  bond  is  pos- 
sible, and  a  stiaight  joint  parallel  to  the  rail  results  (Fig.  1,  Plate 
XXXVIII).  With  the  girder  construction,  it  is  almost  impossible  to 
keep  these  flangeway  blocks  in  place,  due  to  the  moving  of  the  rail  on 
account  of  broken  girders.  Since  the  adoption  of  the  slab  type  of 
construction,  which  gives  a  solid  foundation,  there  has  been  very  little 
trouble. 

During  the  coming  season  the  writer  proposes  to  lay  a  concrete 
monolith,  8  in.  wide,  parallel  to  the  running  side  of  the  rail,  in  which 
the  flangeway  is  formed.  As  this  will  be  laid  at  the  same  time  as  the 
pavement  foundation  and  form  a  part  of  it,  it  is  hoped  that  this  will 
overcome  the  difficulty  of  loose  flangeway  blocks,  and  reduce  the 
maintenance  charges. 

In  selecting  a  type  of  permanent  track  construction  in  Vancouver, 
one  must  remember  that  the  conditions  are  not  the  same  as  in  older 
established  cities  where  macadamized  streets  have  been  in  existence 
for  years  and  a  good  foundation  is  available.  Owing  to  the  poor  founda- 
tion, the  streets  were  first  planked  and  then  macadamized,  the  macadam 
seldom  being  renewed  before  laying  the  permanent  pavement  on  a 
concrete  base.     For  this  reason  the  foundation  is  very  poor,  and  the 
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Fig.    2. — TitACKs   Removed — Gkadi.xg  in   Progress — Temporary  Track   on  Left. 


Fig.    3. — Grading   Completed.      Temporary    Track    on    Right, 
Broadway,    Vancouver,     B.    C. 
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Mr.    problem  has  been  the  selection  of  a  type  of  construction  to  meet  the 

'"'^*^'  existing   conditions. 

On  paved  streets,  the  company  always  lays  a  double  track,  and,  as 
the  City  pays  for  all  paving  for  the  entire  width  between  the  curbs, 
including  foundation,  the  railway  company's  liability  covers  only  what- 
ever construction  it  decides  to  put  in  below  it.  Before  the  writer  took 
charge  of  this  work,  although  under  the  franchise  the  company  could 
do  its  own  portion  of  the  work,  it  had  been  the  practice  to  let  it  to 
the  paving  contractor.  Such  poor  results  were  obtained  that  the  writer 
organized  and  equipped  a  constrviction  department,  and,  with  few 
exceptions,  the  company  now  does  all  its  own  work.  At  the  suggestion 
of  the  writer,  in  order  to  facilitate  the  work,  the  company  entered 
into  an  arrangement  with  the  City  to  do  all  the  work  in  the  track 
allowance,  about  18.^  ft.  wide,  the  City  paying  for  its  share  at  the 
same  rate  as  was  paid  to  the  contractor  for  the  remainder  of  the 
street.  This  enabled  the  railway  company  to  do  its  portion  of  the 
work  first,  the  contractor  following  up  and  bringing  his  work  to  the 
grade  established  by  the  rails.  This  plan  has  given  most  satisfactory 
results. 

The  work  is  carried  on  in  the  following  manner:  A  temporary 
track  is  laid,  outside  of  the  track  allowance,  to  take  care  of  the  traffic 
during  construction,  thus  enabling  the  company  to  build  both  tracks 
at  once.  When  the  traffic  is  turned  over  to  the  temporary  tracks, 
the  old  track  is  torn  up  and  the  ties  and  rails  are  piled  on  the  side 
of  the  street,  ready  to  be  picked  up  by  the  work  train,  grading  is  then 
started  (Fig.  2,  Plate  XXXVIII),  and  the  cut  is  taken  out  to  rough 
grade;  forms  are  then  set  by  the  company's  engineer  to  the  proper 
grade  for  the  top  of  the  slab,  and  a  small  gang  of  fine  graders  follows  up 
the  rough  graders;  in  the  meantime  the  gravel  for  the  slab  is  delivered 
along  the  side  of  the  excavation  (Fig.  3,  Plate  XXXVIII).  As  soon 
as  a  block  has  been  rough-graded,  work  on  the  concrete  slab  is  com- 
menced, the  material  being  shoveled  directly  into  the  hopper,  on 
which  a  line  has  been  drawn  to  insure  the  right  proportions.  The 
aggregate  is  then  run  through  the  mixer  and  delivered  into  a  bucket 
which  travels  along  a  30-ft.  boom  cable  swinging  through  180°  (Fig.  1, 
Plate  XXXIX).  This  method  reduces  the  number  of  men  around  the 
mixer  to  the  minimum,  which  is  an  important  item,  as  common  labor  is 
paid  37i  cents  per  hour.  All  the  company's  mixers  are  of  this  type,  and 
can  mix  about  80  cu.  yd.  per  10  hours,  or  about  250  lin.  ft.  of  com- 
pleted slab  18J  ft.  wide  and  6  in.  deep.  The  rails  are  distributed  by 
an  electric  derrick  car  and  the  ties  by  the  company's  motor  car.  As 
soon  as  the  slab  has  set  for  24  hours,  ties  are  distributed,  T-rails 
(70-lb.,  264,  Lorain  Section,  or  8T-lb.,  399,  Lorain  Section)  are  laid, 
and  the  track  is  surfaced  to  grade  with  sand  (Fig.  2,  Plate  XXXIX). 
The  sta.ndard  plan  calls  for  1  in.  of  sand  under  the  tie,  but,  owing  to 
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Fig.   1. — Laying  Concretk   Slab.   Broadway,   Vancouver.   B.   C. 


Fig.  2. — Laying  axij  Sirfacing  I'kkma.\i:.\t  Tracks.  Broadway.  Vancouver.  B.  C. 
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irri'gularitios  in  the  concrete,  the  thickness  varies  from  I  to  1^  in.  After    Mr. 
tlie  track  has  been  surfaced,  tlie  sand  is  scraped  out  from  between  the 
ties,   the   Hat   wlieels   un   the   mixer   are   replaced   by  flanged  wheels,  so 
that   the  mixer  can    run    en    \\\c   track,    and    the   final   concrete  course 
is  laid  (Fig.  1,  Plate  XlJ. 

It  will  be  seen  that  the  lour  cii)erations,  grading,  laying  the  .slab, 
layinii-  the  track,  and  putting  in  the  final  concrete  course,  are  all 
carried  mi  at  the  same  time,  resulting  not  only  in  speed  but  in  economy. 

Kach  section  of  track  laid  represents  a  new  ])robleni,  and  from  time 
III  time  the  writer  has  had  to  design  special  machincn-y  in  order  to  do 
the  work  quickly  and  economically.  On  Granville  Street,  the  ])rin- 
cipal  business  street,  though  the  paving  was  in  good  condition,  about 
A  mile  of  track  was  in  such  bad  repair  that  it  had  to  be  renewed.  The 
Hoard  of  Public  "Works  allowed  the  company  to  abandon  traffic  on  this 
-treet  on  condition  that  it  would  be  restored  in  22  days.  As  this  period 
included  10  days  for  the  last  concrete  laid,  to  set,  it  meant  that  all 
work,  except  paving,  had  to  be  completed  in  12  days.  In  order  to  be 
sure  of  carrying  out  the  work  on  time,  a  progress  chart,  Fig.  5,  was 
prepared,  and  was  followed  so  closely  that  the  Avork  was  finished  1 
hour  ahead  of  time. 

The  street  was  paved  with  wood  blocks  laid  on  a  (l-in.  concrete 
base,  and  oofh  rail  of  the  double  track  was  carried  on  a  concrete 
i:irder,  24  in.  wide  and  15  in.  deep.  The  reconstruction  of  the  track 
'•ailed  for  the  removal  and  replacing  of  the  following  quantities: 
".100  sq.  yi\.  of  wood  block  paving;  10  200  ft.  of  rail;  1800  cu.  yd.,  or 
'<  100  sq.  yd.,  of  concrete;  600  cu.  yd.  of  earth;  the  laying  of  2  400  cu.  yd. 
nf  concrete;  i  mile  of  double  track;  850  sq.  yd.  of  concrete  fiangeway 
blocks;  and  4  250  sq.  yd.  of  wood  block  paving.  The  quantity  of  concrete 
to  l)e  removed  was  so  great,  and  the  time  allowed  so  short,  that  some 
mechanical  means  for  breaking  it  up  had  to  be  devised,  as  the  schedule 
called  for  the  removal  of  about  32  sq.  yd.  per  hour.  The  dipper  arm 
was  talvon  off  the  electrically-driven  shovel  owned  by  the  company,  and 
pile-driver  leads,  20  ft.  long,  were  hung  from  the  end  of  the  boom, 
being  held  in  place  by  two  braces  running  back  to  the  main  frame 
I  if  the  shovel.  A  2  600-lb.  hammer  w-as  specially  cast,  having  a,  wedge- 
-liaped  cutting  edge,  about  8  in.  deep  running  parallel  to  the  track. 
The  ctitting  edge  was  placed  in  this  way  in  order  that  it  would  not 
injure  the  remaining  concrete  in  the  street.  This  scheme  worked  ex- 
cellentl.v,  and  no  trouble  whatever  was  found  in  breaking  up  the  con- 
<rete  and  adhering  to  the  schodide.  The  concrete  breaker,  which  would 
>wing  through  360°,  was  placed  on  one  track,  and  on  the  other  track 
was  placed  tlie  derrick  car,  having  a  (iO-ft.  boom  which  would  also 
-winir  tlirough  360°,  and  could  move  itself  abuiu  tlic  track.  The 
larger   pieces   of   concrete  were  picked   up  by   the   derrick    and   loaded 
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Fig.    1. — Brixgixct    Concrete    to    Underside    of    Pavement,    Broadway,    Van- 
couver, B.  C.     Concrete  Inside  the  Rail  Left  Low  for  6-in. 
Granite  Flangeway  Blocks. 


Fig.  2. — Concrete  Breaker,  Granville  St., 
Vancouver,   B.   C. 
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on  flat  cars  placed  behind  the  concrete  breaker,  and  tlie  smaller  ma-  Mr. 
tcria.l  and  earth  were  loaded  in  skips  and  then  into  wagons  standing  ^  "''''^' 
alongside  the  excavation  (Fig.  2,  Plate  XL).  As  soon  as  the  con- 
crete was  broken  for  a  rail  length,  the  concrete  mixer  and  derrick 
car  were  backed  np  on  the  old  track  and  the  operation  was  repeated. 
Work  was  carried  on  in  two  10-hour  shifts,  and  the  cost  was  as  fol- 
lows :  Taking  np  wood  blocks,  8.9  cents  per  sq.  yd. ;  tearing  np  old 
track,  11  cents  per  ft.  of  single  track;  breaking  np  concrete,  40  cents 
per  sq.  yd.;  excavation,  loading,  and  dumping,  82J  cents  per  cu.  yd.; 
removing  material  by  teams  and  work  train,  65  cents  per  cu.  yd.  These 
flg\iros  may  seem  high,  but  when  one  remembers  the  rate  paid  for 
common  labor,  and  that  teams  are  paid  $8  per  shift  of  10  hours  during 
the  day,  and  $9.50  per  shift  for  night  work,  the  writer  does  not  think 
that  the  cost  was  excessive. 
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Bv  Ki;.\.\i:tii  C.  Grant,  Assoc.  M.  Am.  Soc.  C.  E.f 


1vi:nm;th  C.  Grant,  Assoc.  M.  Am.  Soc.  C.  E.  (by  lettor).^The  Mr. 
seventeen  reservoirs  described  in  the  paper  have  a  combined  capacity  ''""  ' 
of  about  60  000  000  000  cu.  ft.  The  greatest  flood  that  has  ever  visited 
Pittsburgh  had  a  volume  of  only  2G  000  000  000  cu.  ft.  above  the  flood 
stage.  The  recent  flood  of  January  9th,  1913,:}:  the  fourth  greatest 
in  48  years,  had  a  volume  of  only  lo  000  000  000  cu.  ft.  above  the 
flood  stage. 

It  is  not  unreasonable  to  expect,  therefore,  even  without  the 
graphical  proof  described,  that  the  reservoir  system  proposed  by  the 
Flood  Commission  will  control  floods  at  Pittsburgh  effectively;  and  the 
discussions  have  not  expressed  any  doubts  of  their  effectiveness  in  this 
respect.  It  has  been  stated,  however,  that  the  reservoirs  could  not  be 
used  for  flood  control  and  for  improving  the  low-water  flow  of  the 
rivers  as  well.  It  is  claimed  that  such  a  scheme  is  utterly  impractica- 
ble, and  has  never  reached  a  practical  solution. 

Reservoirs  combining  the  purpose  of  flood  control  with  those  o+" 
water  supply,  water-power,  and  navigation  arc  not  an  experiment. 
They  have  been  l)uilt  and  are  being  operated  successfully  in  other 
countries.  The  writer  has  had  the  opportunity  of  examining  these 
works  on  two  occasions  during  the  last  few  years.  Some  of  them  he 
has  described  briefly§  in  his  discussion  of  the  paper  by  John  H.  Lewis, 
A.ssoc.  M.   Axa.   Soc.   C.   E. ;  others  are  to  be  found  in  Germany  and 
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Mr.  Bohemia.  A  large  reservoir  constructed  on  a  tributary  of  the  Oder 
'"''^"  '  River,  in  Southeastern  Germany,  for  flood  control  and  water-povv'er 
development,  has  given  such  good  results  during  the  8  years  since  its 
completion,  that  another  and  larger  project  has  been  constructed,  and 
is  just  about  to  be  put  in  opera.tion.  Another  large  project  is  being 
constructed  by  the  German  Government  on  a  tributary  of  the  Weser, 
combining  the  purposes  of  flood  control,  improvement  of  navigation, 
and  water-power  development. 

One  of  the  discussions  calls  attention  to  the  conditions  that  would 
obtain  where  the  reservoirs  were  constructed  on  streams  carrying  a 
large  quantity  of  acid  from  the  mines.  It  is  claimed  that  the  grea,ter 
specific  gravity  of  the  acid  would  lead  to  its  concentration  at  the 
bottom  of  the  reservoirs,  and  that,  in  the  event  of  a  great  flood 
filling  the  reservoir,  this  acid  would  be  swept  out  and  become  a 
menace  to  water  supplies  below.  As  a  matter  of  fact,  this  very  prop- 
erty of  the  acid,  which  would  keep  it  at  the  bottom  of  the  reservoir 
even  when  overflow  took  place  over  the  spillway,  simplifies  the  problem 
of  avoiding  the  conditions  of  concentrated  acidity  that  are  described. 
By  placing  gates  at  the  extreme  bottom  level  of  the  reservoir,  and 
others  higher  up,  this  acid  could  be  released  gradually  from  the  bottom 
gates  during  flood  times,  to  mingle  with,  and  be  diluted  by,  the  large 
flood  discharge.  If  found  necessary,  a  simple  arrangement  of  baffles 
would  make  this  mixture  complete. 

The  reservoir  particularly  referred  to  is  near  the  mouth  of  Loyal- 
hanna  Creek.  It  is  suggested  that  the  dam  be  built  farther  up  the 
creek,  above  Latrobe,  in  order  to  avoid  storing  the  mine  water,  most 
of  which  originates  on  the  lower  iwrtion  of  the  drainage  basin.  There 
are  several  reasons  why  this  should  not  be  done,  chief  among  which 
are  the  great  reduction  in  the  drainage  area  controlled,  and  the  fact 
that  the  very  conditions  pointed  out  as  so  objectionable — the  flushing 
out  of  the  acid  in  the  existing  pools — would  be  done  away  with  by  locat- 
ing the  dam  near  the  mouth  and  taking  care  of  the  acid  as  before 
suggested. 

It  must  be  borne  in  mind,  moreover,  that  only  two  of  the  thirteen 
reservoirs  proposed  on  the  Allegheny  Basin,  those  on  Loyalhanna  and 
Black  Lick  Creeks,  are  to  be  on  streams  that  carry  any  appreciable 
quantity  of  mine  drainage;  and  that  the  discharge  from  the  other  eleven 
reservoirs  will  dilute,  to  a  large  extent,  any  acid  water  that  may  come 
from  these  streams.  Such  dilution,  of  course,  would  not  occur  if  the 
rainfall  were  local  around  the  Loyalhanna  or  Black  Creek  basins;  but 
that  is  just  where  the  beneficial  effect  of  the  reservoir  near  the  mouth 
of  each  creek  would  make  itself  felt,  by  holding  back  the  acid  at  the 
bottom  until  a  favorable  time  for  its  discharge. 
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Ey  Messrs.  V.  E.  Covell  and  Henry  H.  Quimby. 


V.  R.  Covell,  Assoc.  M,  Am.  Soc.  C.  E.   (by  letter). — Referring    Mr. 
to  Mr.  Le  Conte's  discussion  of  the  type  of  structure  used,  the  follow-  ""^''  " 
ing  conditions  controlled: 

The  Act  of  Congress  relative  to  bridges  across  the  Ohio  River, 
approved  December  17th,  1872,  as  amended  February  14th,  1883,  re- 
quires that  bridges  above  the  mouth  of  the  Big  Sandy  shall  have  at  least 
one  channel  span  with  a  clear  waterway  of  500  ft.  between  piei'S, 
measured  at  the  low-water  line,  and  with  a  clear  height  of  90  ft.  above 
low  water  and  40  ft.  above  local  highest  water.  The  demands  of  the 
river  shipping  interests  and  the  ruling  of  the  War  Department  fixed 
the  span  at  750  ft.,  from  center  to  center  of  piers.  The  local  condi- 
tions were  unfavorable  for  a  suspension  bridge,  and  the  cantilever  was 
adopted. 

Henry  H.  Quimby,  j\r.  Am.   Soc.  C.  E.    (by  letter).— Two  of  the    ^Mr  ^^ 
features  of  the  subject  treated  in  this  paper  suggest  some  experience 
that  may  be  of  interest  as  a  discussion.     One  is  the  construction  of 
the  floor,  and  the  other  is  the  deformation  of  the  trusses  in  erection. 

The  character  of  the  floor  construction  of  such  a  bridge  is  not 
the  least  important  part  of  the  design,  becausfe  of  the  special  value 
of  ]iglitncs.s  as  well  as  of  durability.  The  use  of  wood  blocks  i.s 
commendable,  if  the  base  be  substantial.  The  paper  does  not  state 
the  size  and  character  of  the  buckles  of  the  floor  plating.  The  thick- 
ness of  the  concrete  paving  base  is  said  to  average  3  in.,  which  probably 
allows  about  2  in.  over  the  flat  portions.  If  the  plates  are  multiple- 
*  Continued  from  December.  1012.  Proc<'cfli)if/s. 
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Mr.      buckled,  are  the  ridges  or  divisions  between  the  buckles  depended  upon 
lUim  J.  £^^  cross-support,  or  is  transverse  stiffening  provided? 

Buckled  floor-plates,  as  originally  used,  were  in  single  buckles 
turned  up,  forming  vaulted  arches,  and  were  supported  on  all  four  sides. 
Later,  the  custom  arose  of  turning  the  buckles  down  and  using  long 
plates  with  several  buckles  in  each,  and  without  any  cross-beams  under 
the  divisions.  The  strength  of  such  a  member  is  not  easy  to  figure. 
It  depends  in  part  on  the  narrowness  of  the  divisions,  and  in  part  on 
the  thickness,  and  therefore  the  distributing  value,  of  the  concrete 
over  them.  The  divisions  must  obtain  support  from  the  arch  action 
of  the  inclined  sides  of  the  adjacent  buckles.  If  a  division  be  wide 
and  have  only  a  thin  non-distributing  paving  over  it,  the  corners  or 
edges  of  the  division  will  yield  successively  and  alternately  down  and 
up  under  rolling  loads.  Only  a  slight  movement  of  this  character  is 
required  to  crack  and  ultimately  crumble  cement  concrete.  When 
this  stage  is  reached,  the  pavement  is  near  to  destruction. 

Such  a  case  occurred  recently  in  the  asphalt  paving  of  a  new  deck 
on  an  old  bridge  where  xV-in.  plates  were  used,  supported  on  stringers. 
6  ft.  6  in.  apart  in  the  clear,  buckles,  5  ft.  3  in.  by  4  ft.  3  in.,  and 
divisions  varying  from  1  to  12  in.  in  width  because  of  varying  panel 
lengths  of  the  structure.  Considerations  of  dead  load  and  also  of 
established  street  elevation  demanded  a  thin  floor,  and  so  the  paving 
base  was  used  only  to  fill  the  depressions  of  the  buckles,  and  the 
asphalt  binder  coat — 1  in.  thick — was  laid  directly  on  the  flat  parts 
of  the  plates.  The  wearing  surface  was  2  in.  thick.  The  vehicle 
travel  was  very  heavy,  and,  for  several  months  during  the  reconstruc- 
tion of  the  other  half  of  the  deck,  it  was  concentrated  on  one  shoulder 
in  a  narrow  line.  Within  two  or  three  months  it  was  observed  that 
the  paving  was  breaking  in  several  places,  and  it  was  found  that  these 
places  were  the  wider,  flat  portions  of  the  deck  plates.  In  time  the 
paving  at  two  points  was  sufficiently  pulverized  to  become  dislodged 
and  form  holes,  exposing  the  plate.  Then  the  dropping  of  wheels  off 
the  edge  of  the  surrounding  paving  pounded  down  one  edge  of  each 
division  thus  exposed. 

The  remedy  applied  was  the  placing  of  chair  supports  under  all 
divisions — a  floor  member  of  the  old  structure  being  suitably  situated 
below  each  point — and  then  repaving  the  whole  shoulder,  the  grade, 
at  the  same  time,  being  raised  1^-  in.,  so  as  to  have  a  little  concrete  over 
the  entire  surface  of  the  floor-plates. 

The  lesson  seems  to  be,  that  if  multiple-buckled  floor-plates  are 
used  without  cross-support,  the  divisions  shoidd  be  as  narrow  as  prac- 
ticable, and  they  should  be  covered  with  a  bed  of  concrete,  say,  as  thick 
as  the  width  of  the  division. 

It  would  seem  that  the  provision  for  making  the  field  connections 
of  certain  members  is  not  covered  in  the  paper.     L —  U^^  ■ —  U^.,  —  Lj, 


I'.-iIKT-^.l     iii-:crssi()\  :   I'ln-:  si:\\  icki.i;^    canii  i.i:\  i:k  jumdci;  '-iGl 

fonu  a  (lUiuli-aiiylr.  iiiiule  rigid  by  il/jj  —  U  ~  L^^,  diagonally  across      Mr. 
it.     Tlu'  canibor  allowanoe.s  in  the  lengths  of  these  members  must  have  ^""'''  *" 
distorted   the  (juadrangle  sn   niurh,    while   the   members  were   without 
stress,  that  neither  pilot  point  nor  ih-ift  would  avail  to  get  the  diagonal 
connected    u]),    unless   an   easement   were  made  somewhere.     By   what 
moans  was  this  connection  made? 

In  the  Red  I\ock  cantilever  bridge,  wlicre  tlie  main  span  is  060  ft., 
with  a  panel  similar  in  character,  the  writer  accomplished  the  con- 
nection of  the  panel  by  designing  the  lower  chord  splice  below  it  so 
that  it  constituted  a  slip-joint.  About  2  in.  opening  of  this  joint 
was  required  to  permit  the  closing  pin  of  the  panel  to  be  driven,  and 
it  remained  o[)en  until  the  traveler  advanced  far  enough  in  the  erec- 
tion of  the  succeeding  panels  to  stretch  and  compress  the  truss  mem- 
bers sufficiently  to  close  the  joint,  and  then  it  was  riveted  up.  During 
the  time  that  the  joint  was  open  the  splice-plates  ])revented  lateral 
displacement,  and  an  adjustable  l)rid!e  took  care  of  possible  tension 
from  wind  pressure. 
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By  H.  M.  Chitti;xden,  M.  Am.  Soc.  C.  E.f 


H.  M.  Chittenden,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Goodrich     Mr. 

";iiitt( 
den. 


has    permitted    an    unnecessary    sensitiveness    to    the    writer's    rather  ^•^^'^*^°" 


jocular  commentary  on  his  ambitious  vision  of  the  future  port  of 
Los  Anereles  to  give  a  false  color  to  his  estimate  of  what  the  writer 
-aid  about  that  port.  A  careful  perusal  of  the  treatment  of  that  sub- 
ject, mainly  in  Section  II  of  the  paper,  will  show  it  to  be  substantially 
accurate,  though  lacking  in  detail,  as  was  necessarily  the  case.  Par- 
ticularly inexcusable  is  the  following  remark  by  Mr.  Goodrich : 
"Nothing  but  an  obviously  exaggerated  newspaper  report  has  been 
used  in  describing  the  port  conditions  at  Los  Angeles."  The  most 
supei-ficial  examination  of  the  paper  would  show  the  absurdity  of  that 
statement.  As  a  matter  of  fact,  all  available  literature,  including 
Major  Fries'  admirable  report,  was  used,  and  this  was  supplemented 
by  a  long  list  of  questions  sent  to  an  official  of  the  Port  of  Los  Angeles 
asking  for  data  on  all  phases  of  the  question. 

As  to  the  newspaper  report,  which  is  what  really  annoys  Mr. 
Goodrich,  it  came  to  hand  just  before  the  paper  was  finished.  It 
fitted  in  so  perfectly  with  the  writer's  treatment  of  "plans  for  the 
future"  and  seemed  to  be  so  much  in  detail  and  to  bear  so  unmistaka- 
bly Mr.  Goodrich's  authority,  that  the  writer  ventured,  with  some 
misgiving,  it  is  true,  to  make  use  of  it.  If  it  committed  him  to  any 
erroneous  suggestions  as  to  the  future  of  Los  Angeles  which  later 
data  would  have  modified,  he  is,  of  course,  only  too  glad  to  accept 
corrections. 

The  writer  will  not  comment  on  Mr.  Goodrich's  references  to 
estimates  of  cost  of  Los  Angeles  work,  nor  to  administrative  control, 

•Continued  Irom  December,  1912,  Proceedings. 
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Mr.  for  they  are  so  manifestly  unjust  that  Mr.  Goodrich  must  himself 
den^°'  I'ealize  the  fact  if  he  will  but  compare  his  criticism  with  what  the 
writer  really  said. 

The  comment  on  the  writer's  parenthetical  reference  to  the  Los 
Angeles  and  San  Gabriel  Rivers  is  a  case  of  assuming  that  something 
was  meant  which  was  not  said,  and  then  criticising  that  something. 
The  writer's  description  of  the  natural  state  of  those  streams  is 
literally  correct;  but  he  did  not  anywhere  say,  or  even  imply,  that 
these  streams  were  a  menace  to  the  integrity  of  the  harbor.  The 
writer  has  carefully  looked  over  his  paper  to  see  if  it  contains  any 
hint  of  danger  "of  the  inner  harbor  of  Los  Angeles  becoming  silted 
up  by  material  carried  in  the  floods"  of  these  streams,  and  he  can  find 
none.  All  this,  and  the  careful  refutation  of  it,  are  purely  the  result  of 
Mr.  Goodrich's  imagining  what  the  writer  did  not  say. 

In  short,  Mr.  Goodrich  has  permitted  himself,  most  mistakenly, 
to  class  the  writer  as  a  "knocker"  of  the  Port  of  Los  Angeles.  Yet 
a  perusal  of  the  paper  will  show  it  to  be,  not  only  wholly  sympathetic  in 
tone,  but  full  of  admiration  for  the  wonderful  work  which  the  people 
of  Los  Angeles  are  doing. 

The  impartial  reader  of  the  paper  cannot  fail  to  observe  that  it 
endeavors  to  draw  a  just  comparison  among  the  leading  ports  of  the 
coast  as  to  their  respective  advantages  and  drawbacks.  The  partisans 
of  each  will  naturally  take  exception  as  to  their  particular  port,  magni- 
fying the  advantages  and  minimizing  the  drawbacks;  but,  when  all 
is  said  and  done,  the  case  for  the  principal  United  States  ports  on 
the  Pacific  Coast  will  stand  substantially  as  summarized  below : 

San  Diego. — Advantages:  A  magnificent  natural  harbor  which, 
with  a  moderate  degree  of  development,  would  accommodate  the  ship- 
ping of  the  world. 

Drawbacks:  A  sharp  restriction  of  hinterland  (tributary  commer- 
cial territory)  by  the  national  frontier  immediately  to  the  south  and 
a  mountain  range  on  the  east.  The  first  natural  outlet  to  the  east- 
ward is  in  the  vicinity  of  Los  Angeles. 

Los  Angeles. — Advantages:  Commercially  located  where  the  great 
southern  transcontinental  routes,  and  also  one  from  the  interior, 
debouch  from  the  mountains  to  the  coast  plain;  strategic  location  for 
ocean  terminal;  extensive  and  productive  near-by  hinterland;  good 
connection  with  the  hinterland  farther  back;  climate  an  asset  of 
enormous   value   in   development   of  country. 

Drawbacks:  Entire  absence  of  an  adequate  natural  port,  and  con- 
sequent necessity  of  creating  one  almost  wholly  by  artificial  means; 
cost  of  port  development  greatly  enhanced  by  this  fact. 

San  Francisco  Bay. — Advantages :  A  perfect  natural  harbor  of 
great  magnitude,  close  to  the  sea;  a  hinterland  which  embraces  the 
heart  of  California's  agricultural  and  mineral  producing  regions — one 
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of   tlie   richest   in   tlie   world:   on   the   line   of  the  great   routes  north     Mr. 

.  ,  Chittei 

and  south;   in  direct  rail  connection  with  all  tlie  region  to  the  east-     den. 
ward;  a  commerce  and  development  half  a  century  old,  with  the  im- 
mense force  of  customs   and  established  lines  of  trade  in  its  favor; 
most  centrally  located  of  all  the  ports  for  the  commerce  of  the  Pacific  i 
important  naval  and  military  bases. 

Portland. — Advantages:  Unexcelled  strategic  location  at  great  cross- 
roads of  north  and  south,  and  east  and  west  routes;  a  productive  local 
hinterland  (agricultural)  in  the  Willamette  and  other  near-by  val- 
leys; immense  timber  resources;  a  water-grade  route  to  the  eastward — 
the  only  one  from  the  Pacific  Coast  of  the  United  States;  consequently 
a  vast  natural  interior  hinterland. 

Drawbacks :  Long  distance  and  defective  natural  channel  to  sea 
which  discourages  entrance  of  largest  vessels — a  drawback  as  yet  only 
partly  overcome. 

Paget  Sound. — Advantages:  Almost  perfect  natural  harbors,  the 
principal  defect  being  excess  of  depth;  center  of  great  timber  produc- 
ing region;  center  of  great  fish  producing  region;  limited  local  agri- 
cultural hinterland;  extensive  agricultural  hinterland  back  of  the 
mountains;  the  natural  emporium  for  the  Alaska  trade;  well  located 
for  Oriental  trade;  important  naval  and  military  base. 

Drawbacks:  Walled  off  from  natural  hinterland  to  eastward  by 
an  immense  range  of  mountains,  the  main  passes  being  less  than  75 
miles  from  tide-water  and  more  than  3  000  ft.  high;  crossed,  however, 
by  three  railways,  which  give  same  terminal  rates  as  to  Portland. 

A  most  striking  illustration  of  the  drawbacks  above  described  of 
both  the  Lower  Columbia  and  of  Puget  Sound  was  seen  in  the  condi- 
tions which  prevailed  on  January  7th  and  8th,  1913.  A  fierce  storm 
was  causing  wrecks  and  great  loss  of  life  at  the  mouth  of  the  Columbia, 
while  deep  snow,  avalanches,  and  (soon  after)  floods  from  melting 
snow  completely  paralyzed  rail  traffic  over  the  mountains  back  of  Puget 
Sound,  and  caused  considerable  loss  of  life.  Permanently  to  remove 
either  the  handicap  of  the  Columbia  Bar  or  the  handicap  of  the 
Cascade  Mountains  will  cost  an  enormous  sum,  yet  both  ends  must 
be  classed  as  within  the  range  of  practical  engineering. 

In  the  foregoing  comparative  estimate  of  advantages  and  draw- 
backs of  Pacific  Coast  ports  it  will  be  noted  that  San  Francisco  stands 
first ;  and  it  seems  to  the  writer  that  she  will  long  continue  to  stand 
first,  because  of  her  unexcelled  advantages.  It  has  also  become  more 
and  more  apparent  to  him  that,  unless  ports  are  close  competitors  in 
the  same  field — not  distant  competitors  like  Puget  Sound  and  Cali- 
fornia ports — a  mere  superiority  of  port  facilities  cuts  little  figure 
in  the  matter  of  competition.  Vessels  are  bound  to  go  where  the  trade 
is,  even  if  docks  are  inferior  and  charges  high,  and  the  writer  does 
not  believe  that  San  Francisco  or  Seattle  will  take  much  trade  from 


'^66  DISCUSSION    ox    rORTS  OF   THE   PACIFIC  [Papers. 

Mr.     each  other  by  reason  of  superior  expenditures  on  docks  and  wharves; 

den.  but,  with  two  nearby  ports  like  Seattle  and  Tacoma,  both  of  which 
are  equally  well  located,  as  far  as  local  trade  is  concerned,  and  be- 
tween which  the  vessel  owner  sees  no  choice  except  in  the  matter  of 
conveniences  and  charges,  a  superior  equipment  in  either  might  be 
decisive  in  its  favor. 

The  writer  will  refer  to  one  other  point,  that  of  port  administra- 
tion. Mr.  Goodrich  says  that  Los  Angeles  has  corrected  the  unde- 
sirable condition  in  port  administration  prevailing  at  the  time  this 
paper  was  written.  That  is  fortunate,  but  the  writer  does  not  be- 
lieve that  anything  approaching  an  ideal  system  will  ever  be  worked 
out  as  long  as  port  administration  is  a  function  of  city  government 
and  is  thereby  necessarily  involved  in  city  politics  and  subject  to  the 
vicissitudes  of  changing  administration.  That  this  is  also  the  view  of 
sagacious  observers  on  the  ground  is  evident  from  the  following  ex- 
tract,* received  after  the  foregoing  statement  was  written : 

'Tnefficiency  and  delay,  bickering,  obstruction,  and  even  deadlocks 
will  unquestionably  be  the  rule  rather  than  the  exception  so  long  as 
the  present  machinery  for  harbor  development  is  relied  on  by  the  city. 
The  concentration  of  power,  authority  and  responsibility  in  one  board, 
under  which  the  legal,  engineering  and  adininistrative  departments 
would  be  placed,  will  probably  have  to  come  before  much  satisfactory 
progress  is  made  on  this  all-important  municipal  project — the  develop- 
ment of  Los  Angeles  harbor." 

In  a  most  instructive  pamphlet  recently  issued  by  the  Common- 
wealth Club  of  California,  Professor  C.  T.  Wright,  of  the  University 
of  California,  made  some  pertinent  observations  on  port  administra- 
tion.    The  following  are  some  of  his  conclusions: 

"The  organization  of  the  harbor  governing  body  should  be  simple 
and  efficient.  Its  members  should  be  few  in  number,  with  a  tenure  of 
office  sufficiently  long  to  permit  of  the  formation  and  inauguration 
of  a  consistent  policy. 

"The  appointment  of  a  full  new  board  almost  always  results  in 
an  entirely  new  policy.  A  new  board  usually  rejects  a  great  part  of 
the  programme  outlined  by  its  predecessors,  and  spends  a  large  part 
of  its  time  in  preparatory  work  before  it  begins  or  pursues  any  real 
constructive  programme;  and  this  in  turn  is  superseded  by  the  plan  of 
a  succeeding  board.  The  harbor  governing  body,  if  ideally  consti- 
tuted, would  be  a  perpetual  body,  a  certain  proportion  of  whose  mem- 
bers would  retire  each  year.  In  other  words,  it  ought  not  to  be  pos- 
sible, or  at  least  it  ought  not  regularly  to  occur,  that  the  entire  board 
should  retire  at  one  time,  or  even  that  a  majority  of  the  board  should 
do  so. 

"The  harbor  governing  body  should  have  full  authority  to  carry 
out  the  work  which  it  exists  to  do,  subject  of  course  to  review  by  the 
courts  or  other  higher  authority.  This  power  of  the  governing  board 
should  extend  to  all  activities  which  directly  concern  shipping. 

*  Frnm  the  Los  Angeles  Tribune,  January  17th,  1913. 


Papers. 1  DISCUSSION    0\    POHTS   OF    TIIK    PACIFIC  267 

*'A  liarbor  governing  l)0(ly  should  represent  a  constituency  of  ample     Mr. 
financial  ahility."  ^den!"' 

Those  are  sound  fundamental  principles.  While  it  is  perfectly 
true  as  a  rule  that  "What'er  is  best  administered  is  best,"  and  that 
a  very  ofiicient  law  inefficiently  administered  may  give  poor  results 
while  a  defective  law  efficiently  administered  may  give  good  results, 
still,  in  the  long  run,  the  best  law  will  give  the  best  results.  The 
writer  believes  that  the  Washington  State  statute  comes  nearer  to 
satisfying  the  above  fundamentals  laid  down  by  Professor  Wright  than 
any  other.  The  port  organization  is  simple,  consisting  of  three  mem- 
bers, entirely  free  of  State,  county,  or  city  politics,  and  responsible 
directly  to  the  people  of  the  Port  District. 

The  harbor  governing  body  (Port  Commission)  is  a  continuing  body, 
the  term  of  office  being  three  years,  and  only  one  member  being 
elected  each  year.  No  sudden  change  of  policy  with  its  disturbing 
features  is  possible,  as  is  the  case  with  the  San  Francisco  Board,  which 
is  liable  to  change  bodily  with  every  change  of  State  administration. 

The  powers  of  the  Port  Commission  are  extensive ;  its  activities  are 
directed  to  the  single  purpose  of  port  development ;  it  is  almost  supreme 
within  its  restricted  sphere,  and  its  authority  satisfies  perfectly  Professor 
Wright's  requirement  that  it  be  "both  extensive  and  intensive." 

The  territorial  extent  of  the  constituency  and  also  its  financial 
ability  are  determined  in  the  original  organization  of  the  district.  The 
Port  of  Seattle,  for  example,  was  made  co-terminous  with  King  County, 
in  which  the  City  of  Seattle  is  located.  "Ample  financial  ability"  does 
not  necessarily  mean  large  financial  ability.  A  small  port  may  have 
an  organization  and  a  financial  ability  "ample"  for  itself,  which 
might  be  quite  inadequate  for  a  great  port.  The  system  is  thoroughly 
elastic,  and  is  applicable  to  all  conditions,  and  the  writer  would  com- 
mend a  study  of  it  by  port  authorities  wherever  changes  are  contem- 
plated in  port  organizations. 
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TUFA  CEMENT,  AS  MANUFACTURED  AND  USED 
ON  THE  LOS  ANGELES  AQUEDUCT. 

Disenssion.* 


By  Messrs.  E.\pier  K.  Coghlan  and  Charles  H.  Paul. 


Rapier  R.  Coghlan,  EsQ.f  (by  letter).— The  blended  cement  manu-  Mr. 
factured  by  the  City  of  Los  Angeles  for  use  in  the  Aqueduct  would  have  ^^^  ^"' 
been  spared  many  criticisms  if  a  more  fortunate  name  had  been  applied 
to  it.  The  officials  of  the  Aqueduct  Commission,  in  their  various 
papers  concerning  the  product,  have  used  indiscriminately  the  terms, 
tufa-cement,  tufa-Portland  cement,  puzzolan-cement,  and  puzzolan- 
Portland  cement.  Some  engineers,  not  aware  of  the  real  composition 
of  the  cement,  have  claimed  for  it  many  of  the  bad  qualities  of  the 
artificial  puzzolans,  such  as  are  manufactured  from  blast-furnace  slag 
and  hydrated  lime;  while  others  have  claimed  that  it  is  a  simple 
adulteration  of  Portland  cement  with  clay  or  clay-like  material,  and 
therefore  harmful.  These  claims  are  widely  at  variance  with  what  is 
actually  the  case. 

The  term  sand-cement,  while  ordinarily  meaning  a  blend  of  pure 
silicious  sand  and  Portland  cement,  is  not  of  necessity  restricted  to 
such  a  combination,  but  can  be  applied  to  a  blend  of  Portland  cement 
with  granitic,  basaltic,  or  many  other  sands  that  contain  other  elements 
and  minerals  than  quartz.  Even  in  the  case  of  the  Aqueduct  cements, 
the  tufa  had  to  be  reduced  to  a  coarse  sand  before  it  was  possible 
to  blend  it  with  the  Portland  cement.  For  this  reason,  it  would  seem 
that  the  best  name  to  adopt  for  such  a  blended  cement  would  be  sand- 
cement.  The  nomenclature  allows  of  the  use  of  many  materials, 
which  have  been  experimented  with  and  found  to  be  as  well  adapted 
to  the  process  as  tufa. 

Experiments  have  been  conducted  by  the  U.  S.  Reclamation  Service 
on  the  blending  of  Portland  cement  with  basalt,  basaltic  tufa,  rhyolitic 

*  Continued  from  January,  1913.  Proceedings. 

+  Mfg.  Cement  Chemist,  U.  S.  Reclamation  Ser\nce.  Elephant  Butte,  N.  Mex. 
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tiil'a,  granite,  andesite,  trass,  infusorial  earth,  and  sandstone.  In 
every  instance  it  has  been  found  that  excellent  grades  of  sand-cements 
can  be  produced  from  these  materials,  cements,  which,  up  to  the  present 
time,  have  shown  little  or  no  decrease  in  strength.  Researches  on 
limestones  and  quartzites  have  shown,  that,  excepting  those  instances 
in  which  the  amount  of  material  added  to  the  Portland  cement  was  less 
than  40%  by  volume,  these  materials  are  not  suited  to  the  process. 

It  is  a  geological  fact  that  the  ultimate  products  of  the  decomposi- 
tion of  igneous  or  volcanic  rocks  are  clays.  Experiments  by  eminent 
men  in  the  Engineering  Profession  have  shown  the  deleterious  effect 
of  the  addition  of  clay  to  Portland  cement.  Some  concrete  failures 
have  been  traced  to  the  presence  of  too  much  clay  in  the  sand  or 
gravel,  so  that  engineers  have  become  accustomed  to  setting  a  maxi- 
mum limit  on  the  quantity  of  clay  allowable  in  sand  which  is  to  be 
used  for  concrete.  The  results  obtained  with  the  so-called  tufa-cement 
do  not  indicate  that  clay  or  clay-like  substances  have  been  blended 
with  Portland  cement.  Tests  made  by  the  U.  S.  Reclamation  Service 
laboratory,  on  material  from  the  Aqueduct  plants,  corroborate  fully 
the  data  set  forth  by  Mr.  Lippincott;  in  fact,  by  using  a  brand  of 
cement  (which  was  a  recognized  standard  brand)  other  than  that 
used  at  the  Aqueduct  plants,  the  results  were  greatly  exceeded. 

Careful  chemical  analyses  of  the  raw  materials  suitable  for  sand- 
cement  manufacture  show  that  they  are  all  dependent  for  their  fitness 
on  the  quantity  of  colloidal  or  active  silica,;  and  many  of  the  materials 
tested  by  the  Reclamation  Service  experimentalists  show  a  higher  eon- 
tent  of  colloidal  silica  than  the  Los  Angeles  tufa.  Most  of  these 
materials  are  harder  to  pulverize  than  tufa,  but  the  resultant  cement 
has  proven  to  be  as  good  in  every  particular.  So  fruitful  have  been 
the  results  of  the  researches  that  three  sand-cement  plants  are  being 
operated  or  erected  by  the  Service:  at  Arrowrock,  Idaho,  Lahontan, 
Nev.,  and  Elephant  Butte,  jST.  Mex.  When  all  three  of  these  plants 
are  in  operation,  they  will  have  a  combined  daily  output  of  2  300  bbl. 
of  sand-cement.  Such  a  wholesale  manufacture  and  use  of  sand- 
cement  would  not  be  permitted  by  the  engineers  in  charge  of  the 
work  if  the  product  was  considered  unreliable  or  apt  to  deteriorate 
with  time.  At  those  places  where  the  cement  is  being  used  it  is 
proving  its  worth.  Little  or  no  difference  is  apparent  between  sand- 
cement  concrete  and  Portland  cement  concrete.  It  must  be  mixed  a 
little  dryer,  and  it  sets  and  hardens  more  slowly  than  Portland  cement 
concrete.  The  forms  come  away  clean  from  the  set  concrete,  and  the 
water  that  comes  to  the  surface  brings  little  or  no  cement  with  it. 
Daily  tests  are  made  on  all  concrete  placed  in  the  dams,  and  the  results 
of  the  compressive  tests  show  that  it  is  amply  strong  for  the  great 
stresses  put  upon  it. 
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ill    the      Mr. 

,.     ,     Coghlan. 

a  little 


Sand-cement  is  of  economic  importance  to  the  engineer 
West,  as  it  allows  him  to  use  a  cheaper  cement  at  a  price 
more  than  half  of  that  of  straight  Portland.  Before  undertaking  its 
manufacture  or  use,  two  things  must  be  settled:  The  Portland  cement 
must  be  of  undoubted  ciuality,  a  standard  brand  passing  all  tests; 
and  the  blending  material  must  contain  colloidal  silica  and  be  in  an 
almost  unaltered  condition. 

Charles  H.  Paul,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper 
opens  ui)  the  subject  of  the  use  of  blended  cements,  which  is  of  great 
interest  to  all  engineers  engaged  in  work  in  the  West,  where  high 
freight  rates  and  long  wagon  hauls  usually  combine  to  make  the  cost 
of  Portland  cement  excessive. 

In  the  construction  of  the  Arrowroek  Dam— which  is  being  built 
by  the  U.  S.  Reclamation  Service  to  store  the  flood  waters  of  the 
Boise  River — about  550  000  cu.  yd.  of  concrete  will  be  laid,  and  the 
cost  of  cement  is,  of  necessity,  a  most  important  item.  The  dam 
is  about  22  miles  above  the  City  of  Boise  and  17  miles  above  Barber- 
ton,  the  nearest  point  on  the  Oregon  Short  Line  Railroad.  A  railroad 
from  Barberton  to  Arrowroek  has  been  built  by  the  United  States 
Government,  over  which  the  freight  rate  on  cement  charged  against 
the  work  is  23  cents  per  bbl.  The  commercial  freight  rate  on  cement 
from  Utah  mills  to  Barberton  is  $1.14  per  bbl,  from  California  points 
$2  per  bbl.,  and  from  Kansas  points,  $2.09  per  bbl.;  so  that  the  total 
freight  charges  on  cement  to  the  Arrowroek  work  are  from  $1.37  to 
$2.32  per  bbl. 

Laboratory  tests  on  sand-cement  have  been  carried  on  by  the  Recla- 
mation Service  for  6  years  or  more,  and,  during  the  winter  of  1910-11, 
when  the  investigations  in  connection  with  the  storage  works  on  the 
Boise  River  were  nearly  finished,  a  series  of  these  tests  was  started, 
using  for  blending  material  the  native  rocks  in  the  vicinity  of  Arrow- 
rock,  particularly  granite  from  the  spillway  site,  a  large  quantity  of 
which  would  have  to  be  wasted  during  the  construction  period. 

TABLE  11. — Average  of  Three  Long-time  Tensile  Tests  on  Sand- 
cement  Mortars  (1  to  3,  by  weight,  standard  sand).  Each  Test 
BEING  an  Average  of  5  Briquettes;  and  Comparison  with 
Mortars  made  from  Portland  Cement  used  in  the  Manufacture 
OF  THE  Sand-cements  and  Tested  under  the  Same  Conditions. 


Mr. 
PauL 


Kind  of  cement. 

7 
days. 

28 
days. 

888 
400 

3 
months. 

6 
months. 

1 
year. 

2 
years. 

3 
years. 

5 
years. 

Sand-cenient 

219 
266 

897 
425 

423 
482 

4.=i7 
460 

423 
496 

449 

428 

444 

Portland  cement 

404 

Blending  material  for  sand-cement  was  river  sand,  bank  sand,  or  pniiiite,  blended  in 
each  case  with  equal  parts  by  weight  of  Portlaod  cement. 
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Mr.  TABLE  12. — Average  Long-time  Tensile  Tests  on  13  Brands  of 
Portland  Cements  Used  by  the  U.  S.  Eeclamation  Service 
During  the  Last  Five  Years. 


Mortar  briquettes, 
1  to  3  by  weight, 
standard  sand. 

7 
days. 

28 
days. 

3 
months. 

G                 1 
montlis.      year. 

3 
years. 

3 
years. 

5 
years. 

260 

373 

448 

447            433 

411 

379 

398 

It  is  noticeable  that  there  is  not  the  marked  decrease  in  strength 
in  the  case  of  the  sand-cement  briquettes  as  is  shown  here,  and  is  so 
common  with  Portland  cements. 

TABLE  13.- — Sand-cement  Tests  on  Material  from  Arrowrock  Dam 
Site,  Arrowrock,  Idaho. 

Blending   material,    spillway   granite.      Mix,    1    to   3   by   weight   with 
standard  sand.     Strength,  in  pounds  per  square  inch. 


Tensile  Tests  on  Standard  Briquettes. 


Percentage 

of  blending 

7  days. 

38  da  vs. 

3  months. 

6  months. 

1  year. 

material. 

0 

343 

438 

461 

467 

408 

30 

.374 

417 

467 

499 

494 

40 

368 

467 

504 

50 

330 

419 

460 

452 

410 

60 

391 

369 

400 

70 

151) 

337 

266 

330 

335 

Compression  Tests  on  2-Inch  Cubes. 


0 

1077 

1969 

3  720 

3  744 

30 

1  631 

3  454 

3  171 

4  392 

4  656 

50 

1  471 

1  763 

3  729 

3  121 

3  712 

70 

4.=)8 

9.38 

1315 

1  256 

1  560 

The  first  column  of  Table  13  (percentage  of  blending  material)  in 
each  case  represents  the  Portland  cement  from  which  the  sand-cement 
is  made,  tested  under  the  same  conditions. 

Investigations  of  the  actual  use  of  sand-cement  in  structures  which 
had  been  in  service  for  10  or  15  years,  further  tests  in  the  local  labora- 
tory, and  estimates  of  cost  of  installation  and  operation  of  the  neces- 
sary equipment,  finally  led  to  the  decision  to  use  sand-cement,  in  so  far 
as  practicable,  in  the  construction  of  the  Arrowrock  Dam,  and  to  use 
for  blending  material  granite  from  the  spillway  excavation. 

A  sand-cement  plant,  with  a  capacity  of  1  000  bbl.  per  24  hours, 
consisting  of  a  crusher  and  sand  rolls,  rotary  dryer,  ball  mill,  mixing 
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iiuu-hine,  and  three  tube  mills,  all  electrically  operated,  with  the  neces-    Mr. 
sary   bins,   hoppers,   and   conveying  machinery,   has   been  erected   and 
has  been  in  operation  for  about  2  months.     The  cost  of  this  mill,  com- 
plete, was  about  $46  000.  itemized  as  follows : 

Excavation   $1 500 

Foundations  3  750 

Erection  of  building,  chutes,  etc 8  150 

Equipment,  including  freight 23  000 

Installation   of  equipment 7  850 

Electrical  work 1  750 


$46  000 


The  total  output  of  the  mill  to  date  has  been  about  25  000  bbl., 
and  about  20  000  cu.  yd.  of  sand-cement  concrete  have  been  placed 
in  the  dam,  up  to  the  present  time. 

All  incoming  Portland  cement  is  tested  and  accepted  before  ship- 
ment. All  sand-cement  is  tested  for  fineness,  blend,  setting  time,  and 
tensile  strength  in  1 :  3  sand  briquettes,  and  is  subjected  to  the  boiling 
test  before  being  used  in  the  work.  Tests  for  fineness  and  blend  are 
made  every  hour  that  the  mill  runs,  or  oftener  if  either  needs  cor- 
rection, and  the  other  tests  are  made  on  an  average  sample  from 
each  day's  run.  The  blend  now  being  used  is  45%  granite  by  weight, 
and  the  requirement  for  fineness  is  at  least  90%  passing  a  200-mesh 
sieve.  Standard  Portland  cement  requirements  are  satisfied  by  the 
other  tests,  and  no  sand-cement  is  used  until  it  has  passed  the  7-day 
tensile  tests  of  200  lb.  per  sq.  in.  The  writer's  experience  with  sand- 
cement  confirms  that  of  the  author  with  tufa  cements,  that  no  sample 
tested  has  ever  failed  to  pass  the  boiling  test. 

TABLE  14. — Mill-run   Tensile  Tests  on  Sand-cement 
Manufactured  at  Arrowrock. 


All    tests    on    1 


3    standard    sand    briquettes. 
per  square  inch. 


Strength,    in    pounds 


Averatre  of  all  (52)  "day  tests 3n8 

Averafre  of  in  lowest  7-day  breaks 821 

Average  of  10  highest  7-day  breaks 297 


Average  of  all  (29)  28  day  tests i  332 

Average  of  lO  lowest  2^-day  breaks...    304 
Average  of  10  highest  28-day  breaks. .    368 


Xone  of  the  sand-cement  tested  has  failed  to  pass  either  the  7-day 
or  the  2S-day  requirements.  Occasionally,  briquettes  have  been  broken 
at  the  age  of  4,  5,  or  6  days,  and  in  every  case  yet  tested  these  briquettes 
have  shown  a  strength  exceeding  200  lb.  per  sq.  in. 

A  representative  cost  of  manufacturing  1  bbl.  of  45%  by  weight 
blend  of  sand-cement  at   Arrowrock  is  given   in   Table  15,   which   in- 
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Mr.    eludes   depreciation,   on   the   plant   and   installation,    at   a   rate   which 
■  will  wipe  out  the  total  cost  at  the  time  that  a  total  output  of  500  000  bbl. 
is  reached.     It  does  not  include  sacking,  as  most  of  the  sand-cement 
will  be  used  in  bulk. 

TABLE  15. — Cost  of  Manufacturing  Sand-cement. 


Items 


Unit  cost  of 

sand-cement, 

per  barrel. 


Granite  delivered  to  crushers 

♦Portland  cement,  including  freight  and  storing. 

Handling:  and  storing  Portland  cement 

Labor,  operating 

Power  and  lights,  including  maintenance,  etc. . . 
Installation,  depreciation,  supplies,  repairs,  etc 

Total  cost 


$0.03 
1.3.5 
0.08 
0.10 
0.16 
0.14 

$1.85 


*  Portland  cement  ®  $2.36  per  bbl.,  f.o.b.,  Arrowrock. 

The  use  of  sand-cement  under  actual  working  conditions  brings 
out  several  characteristics  that  are  different  from  those  of  Portland 
cement. 

Comparing  sand-cement  concrete  with  Portland  concrete,  batch 
by  batch,  an  experienced  concrete  man  will  note  no  difference,  either 
in  its  appearance  or  in  its  behavior  while  being  spread,  but,  after 
a  run  of  an  hour  or  two,  in  mass  work,  it  will  be  noticed  that  an 
ordinary  plastic  or  quaking  mixture  gives  off  water  more  readily  than 
does  Portland  cement  concrete,  and  that  this  water  is  clearer  and 
apparently  carries  less  cement  than  is  the  case  with  ordinary  concrete. 

A  mushy  or  really  wet  mixture  which  is  worked  up  continually  shows, 
at  the  surface,  an  accumulation  of  sloppy  material  which  is  more 
marked  than  in  Portland  concrete  and  sets  and  hardens  very  slowly. 
In  fact,  it  is  the  writer's  opinion  that,  for  this  reason,  extremely 
wet  mixtures  should  be  avoided,  especially  with  sand-cement  concrete. 

Sand-cement  concrete  sets  more  slowly  than  ordinary  Portland 
concrete,  and  its  slowness  in  hardening  is  very  marked.  It  is  natural 
to  assume  that  internal  shrinkage  stresses,  due  to  setting  and  harden- 
ing, will  be  less  on  this  account,  but,  at  the  present  time,  we  have 
no  other  evidence  on  this  point. 

The  writer  has  not  noticed  that  sand-cement  concrete  adheres  to 
the  forms  any  more  than  Portland  concrete,  and  as  he  has  had  no 
occasion  to  use  sand-cement  plaster,  he  has  not  had  an  opportunity  to 
compare  it  with  ordinary  cement  plaster. 

The  author  states  that  tufa  cement  makes  a  denser  and  more 
impervious  concrete  than  Portland  concrete.  The  writer  has  heard 
this  statement  made  before,  both  in  connection  with  tufa  cement  and 
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saiul-cement,  but  has  never  found  record  of  any  experiments  or  definite   Mr. 
evidence  to  that  eifect.     It  would  be  interesting  if  the  author  would 
discuss  that  point  more    tully,   and   give  the  members   the   benefit   of 
any  experiments  along  tiiat  line  with  which  he  is  familiar. 

It  is  natural  for  the  ordinary  construction  man  to  look  on  a  new 
jiruduct  with  prejudice,  especially  when  it  shows  characteristics  to 
which  lie  is  not  accustomed;  but,  supposing,  for  the  sake  of  making 
a  comparison  from  another  viewpoint,  tliat  sand-cement  had  been 
in  general  use  for  years  and  that  Portland  cement  were  the  new 
product  being  introduced;  would  we  look  with  favor  on  a  cement  which 
almost  invariably  showed  a  decrease  in  strength  after  a  few  montlis  ^ 
Or  one  which  not  infrequently  failed  to  pass  the  boiling  test?  Would 
we  consider  it  a  favorable  sign  that  the  excess  water  coming  to  the 
surface  of  concrete  apparently  brought  with  it  an  unusual  quantity 
of  cement?  Quick-setting  cements  are  usually  considered  undesirable 
for  use  in  mass  work,  and  were  we  accustomed  to  the  slow-setting  and 
slow-hardening  sand-cement,  might  we  not  look  with  suspicion  on  a 
quick-setting  cement,  especially  if  one  of  the  quicker-setting  Portlands 
haiii)ened  to  be  the  first  of  the  new  product  to  fall  into  our  hands? 

The  use  of  sand-cement  in  mass  wcn-k.  where  the  requirements  are 
enough  to  justify  the  installation  of  the  necessary  grinding  machinery, 
where  suitable  blending  material  is  available,  and  where  the  transporta- 
tion charges  on  Portland  cement  amount  to  a  considerable  portion 
of  its  cost  laid  down,  will  result  in  a  marked  saving  in  construction 
costs,  and  will  give  a  product  which  is  at  least  the  equal  of  the  Port- 
land cement  from  which  it  was  made,  in  fact,  one  which,  for  ordinary 
requirements,  is  not  open  to  the  least  suspicion. 
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Discussion.* 


By  Charles  H.  Mercer,  M,  Am.  Soc.  C.  E. 


Charles  H.  Mercer,  M.  Am.  Soc.  C.  E.   (by  letter). — The  writer     Mr. 


is  connected  with  a  company  which  fabricates  and  erects  a  considerable 
number  of  bridges  movable  in  a  vertical  plane,  and,  after  consulting 
freely  with  the  electrical  and  mechanical  engineers  of  this  company, 
has  considered  it  appropriate  to  compile  and  present  the  results,  with 
the  hope  that  they  will  be  found  to  contain,  at  least  in  part,  sufficient 
merit  to  commend  themselves  to  Mr.  Leffler.  Such  a  set  of  specifica- 
tions can  best  become  a  smooth  working  document  by  criticism  fol- 
lowed by  a  broad  review  of  the  whole  problem. 

Paragraph  2. — The  "Specifications  of  the  New  York  Central  Lines 
for  Steel  Railroad  Bridges,"  for  1910,  are  made  a  part  of  the  author's 
specifications.  These  specifications  require  the  railroad  company  to 
furnish  and  lay  the  track,  rails,  timber  floor,  etc.  This  is  logical 
for  an  ordinary  steel  bridge,  but  does  not  seem  to  be  proper  for  a 
counterweighted  bridge.  The  contractor  for  a  bridge  of  this  character 
cannot  balance  the  bridge  until  the  floor  is  laid.  If  the  railroad  does 
this  work,  the  labor  forces  will  be  mixed,  which  is  objectionable.  Be- 
sides, the  majority  of  these  bridges  are  erected  open,  which  tends  to 
increase  the  complications  if  the  railroad  company  lays  the  track. 
The  specifications  would  be  more  harmonious  if  they  required  the  con- 
tractor to  do  this  work. 

Paragraph  21. — The  constants  given  in  this  paragraph  do  not  seem 
to  be  sufficiently  specific;  thus,  for  rolling  friction,  the  radius  of  the 
roller  and  whether  one  or  two  faces  are  in  contact  should  be  con- 
sidered. The  writer  has  had  to  do  with  "movable"  bridges  moving 
on  rollers  of  12  and  100  in.,  respectively,  and  with  segmental  rollers  of 

*  Continued  from  December.  1912,  Proceedings. 
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much  larger  diameter.  Although  there  is  no  agreement  on  the  constant 
used  in  the  several  formulas  for  rolling  friction,  it  would  seem  that 
the  maximum  of  these  could  be  used  advantageously  in  ascertaining 
the  resistances  to  be  overcome. 

The  loss  caused  by  the  stiffness  of  wire  cables  depends  on  the 
sheave  diameter,  the  number  and  angle  of  the  bends,  and  the  type  of 
rope.  The  usual  limitation  of  sheave  diameter  is  not  made  in  these 
specifications,  probably  because  the  stresses  due  to  bending  of  ropes 
over  them  are  taken  into  account.  It  would  seem,  however,  that  the 
sheave  diameter  should  be  considered  in  calculating  the  power 
requirements. 

Paragraph  22. — The  coefficient  for  journal  friction  is  given  as  0.07. 
The  writer  thinks  this  should  be  covered  by  Paragraph  21,  using  the 
same  conustant  as  for  friction  on  trunnions,  that  is,  \  for  starting  and 
-^^  for  running. 

Paragraph  23. — This  paragraph  reads:  "The  time  to  open  the 
bridge  after  the  ends  are  released  shall  be  as  specified  on  the  proposed 
drawing." 

The  writer  suggests  that  it  be  changed  to :  The  time  to  open  the 
bridge  after  the  ends  are  released  shall  be  approximately  as  specified 
on  the  drawings. 

The  writer  has  had  to  do  with  contracts  for  two  bridges  under 
these  specifications  with  the  company  represented  by  Mr.  Leffler,  and 
there  has  been  no  thought  of  taking  exception  to  this  paragraph,  nor 
need  there  be  when  the  specifications  are  interpreted  broadly  by  a 
reputable  engineer;  but  the  specification  is  now  apt  to  be  more  widely 
adopted  and  made  a  part  of  contracts.  In  such  a  case,  could  not  an 
unscrupulous  representative  of  a  buying  company  make  the  contractor 
suffer  if  the  bridge  required  somewhat  more  time  to  open  than  was 
specified?  Bascule  and  lift  bridges  are  not  designed  by  contractors, 
but  ordinarily  by  the  patentees,  who  are  experts  for  their  respective 
structures,  and  it  is  a  proper  assumption  that  they  are  more  expert  on 
these  special  bridges  than  the  contractor's  corps  of  engineers.  The 
specifications  and  plans  on  which  the  contractor  bids  are  complete, 
specifying  in  detail  the  requirements  of  the  prime  mover,  the  size  of 
all  pinions,  gears,  shafting,  etc.,  and  the  sectional  areas  of  all  the 
component  members,  as  well  as  the  details  for  their  connection.  The 
contractor  is  told  just  what  to  do.  Except  for  workmanship  and 
materials,  it  does  not  appear  to  be  equitable  that  he  should  be  held 
responsible  for  results.  A  contract  based  on  divided  responsibility 
is  wrong  in  principle;  let  the  designer  be  responsible  for  the  design 
and  the  contractor  for  the  construction  and  materials.  The  writer 
feels  that,  in  specifications  of  this  character,  the  portion  covering  de- 
sign should  be  separate,  and  the  contractor  should  not  be  responsible 
for  it  if  designed  by  any  other  than  himself. 
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Paraqvaph    36. — Tlie    writer    believes    that    trunnions    bearing    on  ,  Mr. 
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pliosphor-bronze  should  be  of  axle  steel  rather  than  structural  steel. 
The  harder  steel  would  be  less  apt  to  cut  and  score. 

Paragraph  126. — This  paragraph  provides  for  tests  of  trunnions  on 
their  bearings,  and  the  test  requires  special  apparatus,  with  consequent 
delay  and  expense.  The  paragraph  might  well  be  omitted,  but  if  there 
is  a  demand  for  some  such  test,  the  results  sought  could  be  attained  by 
placing  the  trunnions  in  their  respective  bearings  on  a  surface  plate. 

Paragraph  156. — This  paragraph  states  that :  "All  machinery  parts 
sliall  be  designed  with  sufficient  strength  to  resist  the  greatest  pressure 
which  can  be  exerted  by  the  motor."  Paragraph  173  specifies  an  over- 
load for  direct-current  motors  of  200%  for  3  min.,  and  400%  mo- 
mentarily. Apparently,  this  overload  for  the  motors  is  simply  a  test 
of  the  insulation,  but,  taking  the  requirements  of  Paragraph  156 
literally,  the  machinery  would  have  to  be  designed  for  an  overload  of 
400%  with  the  units  specified  in  Paragraphs  133  and  135,  which 
results  would  be  abnormal. 

Paragraph  168. — The  maximum  piston  speed  of  the  gasoline  engine 
is  lower  than  required  by  standard  practice.  In  all  cases  the  piston 
speed  should  depend  on  the  size  of  the  engine.  The  advisability 
of  operating  the  locking  machinery  by  the  gasoline  engine  is  doubted. 
If  operated  by  hand,  the  machinery  would  be  much  simplified,  and 
there  w^ould  be  much  less  likelihood  of  jamming  the  lock  machinery 
when  undertaking  to  drive  home  when  not  in  proper  position. 

Paragraph  169. — "Water-proof"  should  be  changed  to  "weather- 
proof," as  it  is  better  to  have  a  semi-open  type  of  motor  properly 
lioused.  In  the  case  of  a  totally  enclosed  motor,  the  operator  seldom 
inspects  it  as  thoroughly  as  he  would  if  he  could  examine  the  work- 
ing parts  without  removing  the  cover. 

Paragraph  112. — The  words,  "direct-current,"  in  the  first  line  should 
be  omitted. 

Paragraph  173. — It  would  be  much  clearer  if,  for  each  bridge,  a 
definite  statement  was  made  as  to  how  much  torque  the  motor  had  to 
develop  in  foot-pounds  for  3  min..  and  the  exact  time  the  motor  would 
have  to  carry  the  normal  torque  of  400  per  cent.  These  values  should 
then  be  selected  so  that  a  standard  motor  which  fulfills  one  will  ful- 
fill the  other  without   a  special  arrangement  of  the  winding. 

The  percentage  of  drop  in  voltage  which  will  be  allowed  under  full- 
load  conditions,  between  the  switch-board  and  the  motor  terminals, 
might  be  stated  for  each  proposition. 

Paragraph  175. — This  paragraph  is  applicable  to  a  back-geared 
motor.    It  may  not  be  advisable  to  use  such  a  motor  in  every  case. 

Paragraphs  181  and  182. — These  paragraphs  are  slightly  confusing. 
Paragraph  181  calls  for  a  controller  for  each  motor.  Paragraph  182 
calls  for  series-parallel  control,  which  can  be  applied  to  two  or  more 
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motors.  It  might  be  better  to  have  the  control  specified  for  each 
case,  because,  where  the  operating  machinery  does  not  rotate  with  the 
bridge,  it  would  seem  as  if  a  remotely  controlled  contact  or  board 
could  be  used  to  advantage,  especially  if  the  operator's  house  is  some 
distance  from  the  bridge. 

Paragraph  188. — The  writer  believes  the  motor-operated,  emergency 
brake  to  be  too  complicated  for  the  average  operator.  A  better  brake, 
as  far  as  concerns  reliability,  less  complication,  and  being  more  nearly 
balanced  in  all  positions  of  the  bridge-leaf,  is  obtained  with  the  same 
type  as  that  used  for  the  operating  motors,  provided  the  size  required 
does  not  exceed  the  largest  size  manufactured.  In  case  it  does,  two 
such  brakes  should  be  used. 

Paragraph  190. — It  seems  to  be  desirable  that  the  emergency-brake 
switch  be  in  closed  position,  thus  releasing  the  brake  before  power 
is  available  for  the  operating  motors.  In  this  case  the  switch  would 
be  electrically  interlocked,  but  the  operator  would  be  free  to  apply 
the  emergency  brake  at  any  time,  regardless  of  the  position  of  the 
controller  arm. 

Paragraph  192. — Submarine  cables,  if  needed,  should  be  furnished 
and  laid  by  the  contractor  for  almost  the  same  reasons  as  those  given 
for  laying  the  floor,  and  to  obviate  division  of  responsibility  due  to 
possible  delay.  The  trench  for  such  cables  if  required,  might  be 
dredged  or  dug  by  the  railroad  company. 

Paragraph  193.- — For  bridges  moving  in  a  vertical  plane,  the  logical 
place  at  which  to  deliver  the  current  to  the  electrical  contractor  is 
at  the  switch-board. 

Paragraph  197.- — If  the  electrical  equipment  is  installed  as  re- 
quired in  these  specifications,  there  seems  to  be  no  need  of  requiring 
everything  to  be  in  accordance  with  N.  E.  C.  Standard,  as  this  standard 
is  devised  for  installations  where  the  danger  of  fire  is  great,  which  is 
not  true  on  a  bridge.  Bridges  were  not  considered  in  making  up 
the  N".  E.  C.  Standard,  and  its  application  to  them  is  not  sufficiently 
definite. 

Paragraph  212. — In  measuring  currents,  it  seems  to  be  standard 
practice  to  use  shunts  for  the  ammeter,  thus  avoiding  heavy  currents 
through  the  measuring  instrument  and  the  consequent  impairment 
thereto. 

Paragraph  217. — The  type  of  the  alternating-current  motor  will 
depend  on  the  kind  of  current  available,  and  need  not  be  a  25-cycle, 
220-volt,  three-phase  type. 

Paragraphs  265  and  266. — Phosphor-Bronze. — It  is  well  to  preface 
any  discussion  on  this  subject  with  a  statement  of  the  fact  that  it 
is  most  difficult  to  obtain  consistent  physical  results  from  any  given 
phosphor-bronze  alloy,  and  the  most  expert  superintendence  in  the 
foundry  is  required  to  produce  uniform  results. 
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Probably    on    account    of    the    comparatively    small     quantity    of     Mr. 
phosphor-bronze  used  in  movable  bridges,  it  has  not  received  the  at-  ^  *"'*^^''- 
tention  from  bridge  engineers  that  its  importance  warrants.     In  look- 
ing over  bridge  specifications  in  which  the  composition  for  phosphor- 
bronze  is  given,  the  writer  finds  that  almost  all  specify  that  given  in 
Paragraph  2GS  of  the  author's  specifications,  namely: 

Copper    79.7  per  cent. 

Tin    10.0  "       " 

Lead    9.5  "       " 

Phosphorus    0.8  "       " 

:nid  this  composition  will  be  referred  to  hereinafter  as  "standard." 

Practically  all  the  bearings  in  movable  bridges  may  be  characterized 
as  high-pressure  and  slow-speed,  as  against  low-pressure  and  high- 
speed. For  the  latter  conditions,  the  "standard"  composition  seems 
satisfactory,  and  specimen  tests  will  give  physical  results  practically 
as  follows : 

Compression : 

Elastic  limit,  in  pounds  per  square  inch.  .1.3  000  to  15  000 
Permanent  set  from  100  000-lb.  load,  in  inches 0.27 

'I'hi-  clastic  limit  is  based  on  a  set  of  0.001  in.  in  1  in. 

Tensile : 

Yield  point,  in  pounds  per  square  inch 20  000 

Ultimate,  in  pounds  per  square  inch 25  000 

Elongation,  percentage  in  2  in 4 

Reduction    3  per  cent. 

After  discussing  this  subject  thoroughly  with  a  leading  metallurgist, 
the  writer  submits  the  following  composition  for  high  pressure  and 
slow  speed : 

Copper    85.2  per  cent. 

Tin    14.0     "       " 

Phosphorus    0.8     "       " 

The  approximate  physical  results  from  this  composition  on  a  cylinder 

with  an  area  of  1  sq.  in.  and  1  in.  long,  should  be : 
Compression : 

Elastic  limit,  in  pounds  per  square  inch 20  000  to  22  000 

Permanent  set  from  100  000-lb.  load,  in  inches.  .     0.12  to       0.16 

In  tension  tests,  this  composition  will  show  some  ductility. 

The  presence  of  lead  in  bridge  bearings  subjected  to  heavy  pressures 
is  objectionable,  for  the  following  reasons:  Lead  does  not  alloy  with 
the  copper-tin  bronzes,  but  is  mechanically  admixed,  and,  being  a 
very  soft  metal,  it  iminediately  lowers  the  elastic  limit  in  compression. 
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Mr.     causing   the  bronze   to   become   plastic   and   flow   under   pressure.     It 

ercer.  j^j^g^igg^  being   a   soft  metal,  tends  to  grip  or  seize  the  shaft  under 

conditions   of  heavy  pressure   and  poor  lubrication.     The   harder  the 

bronze  the  less  likely  it  will  be  to  seize  the  steel  shaft,  providing,  of 

course,  the  bronze  does  not  exceed  the  steel  in  hardness. 

Experiments  made  by  the  late  C.  B.  Dudley,*  M.  Am.  Soc.  C.  E., 
indicate  that  the  relative  wear  of  a  copper-tin  alloy  is  one  and  one- 
half  times  that  of  the  "standard"  copper-tin-lead  alloy. 

For  convenience,  Table  XCIIT.  showing  the  results  of  these  experi- 
ments, is  here  quoted. 

"TABLE    XCIII. — Eelative    Wear    of    Bronze    Bearings    (Dudley). 


Alloy  tested. 


Standard  lead  (phosphor)  bronze 

S 

Ordinary  bronze 

Arsenic  bronze,  A 

Arsenic  bronze.  B 

Arsenic  bronze,  C 

Bronze  K 

Bronze  B 


Composition. 


Copper.    Tin.      Lead.     Phosphorus.   Arsenic 


79.70 
87.50 
89.20 
82.20 
79.70 
77.00 
77.00 


10.00 
12.. 'iO 
10.00 
1(1.00 
10.00 
10.50 
8.00 


9.50 


7.00 
9.50 
12.50 
15.00 


0.80 


0.80 
0.80 
0.80 


Relative 
wear. 


1.00 
1.49 
1.42 
1.15 
1.01 
0.92 
0.86 


This  ta.ble  was  determined  by  placing  a  "standard"  and  an  experi- 
mental bearing  on  opposite  ends  of  the  same  axle  on  locomotive  tenders. 
From  time  to  time  they  were  removed  and  weighed  and  the  wear 
was  recorded.  The  copper-tin  alloy  also  gave  some  trouble  from  heating. 
These  experiments  were  conducted  about  1892. 

These  results  as  to  relative  wear  were  confirmed  by  Clamer  about 
1903,  and  are  set  forth  on  page  426  of  the  book: 

"He  used  a  specially  designed  friction-testing  machine,  with  test- 
bearings,  measuring  3i  inches  x  |  inch.  In  each  experiment  the 
journal  (3f  inches  in  diameter)  made  100  000  revolutions  at  a  speed 
of  525  revolutions  per  minute,  the  same  pressure  (1  000  lbs.  per  square 
inch),  oil,  and  method  of  lubrication  being  used  throughout.  It  was 
found  that  the  rate  of  wear  diminished,  though  the  friction  and  tem- 
perature increased,  as  the  percentage  of  tin  in  the  bronze  was  de- 
creased and  the  percentage  of  lead  increased  (see  Table  XCIV)." 

It  is  to  be  particularly  noted  from  this  table  (XCIV)  that  the 
friction  on  copper-tin-lead  alloys  is  approximately  50%  greater  than 
on  copper-tin  alloys,  which  approximate  the  writer's  composition  for 
high-pressure  and  slow-speed  bearings. 

The  results,  as  set  forth  in  the  Clamer's  Table  XCIV,  were  con- 
firmed later  by   Spare,  from  experiments  made  on  the   same  friction 
testing  machine,  namely,  the  Cornell  machine. 
*  "  Lubrication  and  Lubricants,"  by  Leonard  Archbutt  and  R.  Montford  Deeley,  p.  425. 
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TAI'.LE    XCIV. — Relathe    Friction    and    Wear    of    Lead-Bronze     Mr. 
Bearings  (Clamer).  '^^''^^'- 


Copppr. 

Tin. 

Lead. 

Friction,  lbs. 

Temparature 
above  room,  "F. 

Wear,  in 
grms 

1 

85.76 

14.90 

13 

50     • 

0.2800 

3 

90. e? 

9.45 

13 

51 

0.1768 

S 

95.(11 

4.95 

16 

52 

0.0776 

4 

90.82 

4.62 

4.82 

14 

53 

0.0542 

5 

85.12 

4.64 

10.64 

18i 

56 

0.0380 

(1 

81.27 

5.17 

14.14 

18^ 

58 

0.0327 

7 

75.   ? 

5.   ? 

20.    ? 

18J 

58 

0.0277 

8 

68.71 

5.84 

26.67 

18 

58 

0.0204 

9 

64.34 

4.70 

81.22 

18 

64 

0.0130 

The  conditions  imder  which  the  experiments  were  made  by  Dr. 
Dudley,  and  ^Messrs.  Clamer  and  Spare  differed  widely  from  those 
which  exist  in  a  bearing  with  a  load  of,  say,  from  1  600  to  3  000  lb. 
])pr  .sq.  in.  and  supporting  a  trunnion  which  revolves  only  through  80° 
(luring  the  operation  of  the  bridge.  The  amount  of  wear  on  the  copper- 
tin  alloy  bearing  with  100  000  revolutions,  as  reported  by  Clamer,  was 
not  appreciable  from  a  practical  standpoint.  With  an  average  of  ten 
openings  per  day,  for  250  days  per  year,  it  would  take  40  years  for 
100  000  operations  of  a  bridge.  Therefore,  the  problem  for  high 
pressure  and  slow  speed  is  entirely  different  from  that  covered  by  the 
experiments.  It  has  not  been  overlooked  that  the  frictional  area  for 
a  certain  number  of  revolutions  varies  with  the  size  of  the  journal 
or  trunnion. 

It  seems  obvious  that,  for  high-pressure  and  slow-speed  bearings, 
stiffness  combined  with  a  low  frictional  resistance  is  essential,  and 
the  wear  is  unimportant.  Stiffness  is  shown  in  the  composition  sub- 
mitted by  a  high  elastic  limit  in  compression,  while  sufficient  ductility 
is  retained. 

To  summarize:  the  writer  recommends  for  movable  bridge  bearings 
a  copper-tin  alloy  with  a  maximum  content  of  1%  of  phosphorus 
(other  alloys  in  excess  of  one-half  of  1%  will  not  be  permitted),  with 
pliysical  results  specified  as  follows: 

Compression : 

Elastic  limit,  in  pounds  per  square  inch.  .19  000  to  23  000 
Permanent   set   from    100  000-lb.   load,    in 
inches  0.12  to       0.16 

Tension : 

The  yield  point,  ultimate,  and  elongation  in  2  in.  to  be 
recorded. 

The  compression  test  should  be  made  on  a  cylinder  having  an  area 
of  1  sq.  in.  and  1  in.  long  and  the  tension  test  on  a  specimen  having 
a  diani(>ter  of  i  in.     The  compression  elastic  limit  should  be  determined 
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Mr.     by  the  load  that  gives  a  permanent  set  of  0.001  in.     It  may  be  noted 
Mercer.  ^^^^  ^^^  physical  tests  proposed  by  the  writer  are  nearly  a  mean  be- 
tween the  physical  requirements  of  Paragraph  266   and  the  physical 
results  which  may  be  expected  from  the  "standard"  composition  given 
in  Paragraph  268. 

The  writer  acknowledges  his  indebtedness  to  Mr.  C.  R.  Spare, 
Holmesburg,  Philadelphia,  Pa.,  for  information  on  the  subject  of 
phosphor-bronze. 
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Discussion.* 


Bv  Dr.  Kalph  H.  Hunt  and  Mkssrs.  Egbert  A.  Rutherfurd, 
Kenneth  Allen,  and  W.  E.  Britton. 


Ralph  H.  Hunt,  M.  D.f — The  speaker  is  sure  that  no  one  is  more  Dr. 
fit  or  better  equipped  to  speak  with  authority  on  this  subject  than 
Mr.  Miller,  for  in  New  Jersey  he  is  called  the  "father"'  of  mosquito 
extermination  and  prevention  of  mosquito  breeding,  in  that  he  was 
the  first  to  make  of  it  a  live  issue  and  bring  to  the  notice  of  the 
people  the  fact  that  the  mosquito  could  be  placed  under  control  and 
rendered  less  of  a  nuisance. 

Mosquito  work  began  some  years  ago,  under  the  efforts  of  an 
English  Army  surgeon.  Sir  Ronald  Ross,  who  demonstrated  that  only 
through  the  mosquito,  in  this  case  a  variety  of  Anopheles,  could  malaria 
be  carried  from  man  to  man,  and  that  it  was  the  only  known  carrier 
of  the  infection.  Previous  to  that  time  it  had  been  supposed  that 
malaria  was  caused  by  a  miasma  or  by  something  in  the  atmosphere, 
the  idea  of  the  disease  being  very  indefinite  until,  through  the  investi- 
gations of  Italian  observers,  the  organism  was  discovered  in  the  blood 
of  the  human  being.  Shortly  after  that  Sir  Ronald  Ross  demonstrated 
conclusively  that  the  mosquito  was  the  carrier  of  malaria.  This  was 
the  first  thing  that  brought  to  the  attention  of  the  people  the  neces- 
sity of  getting  the  mosquito  pest  under  control.  It  is  seen,  therefore, 
that  in  those  days  it  was  purely  a  health  problem. 

Later,  the  United  States  Army  surgeons  in  Havana,  Cuba — three 
of  a  commission  of  four  sacrificing  their  lives  in  the  investigation — 
demonstrated  the  fact  that  a  certain  variety  of  mosquito,  Stegomyia 
fasciata,  was  the  carrier  of  yellow  fever.     That  was  proven  beyond  a 

♦Continued  from  January,  1913,  Proceedingn. 

+  President,  Essex  County  Mosquito  Extermination  Commission. 
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Dr.    doubt;    and   two    things    stand    out   in    scientific   medicine    and   health 


Hunt. 


problems  to-day,  namely,  that  if  there  were  no  mosquitoes,  there  would 
be  no  malaria  and  no  yellow  fever. 

The  malaria  problem  would  be  done  away  with  entirely  by  the 
extermination  of  the  variety  of  Anopheles  which  carries  the  disease; 
but,  the  habits  of  that  mosquito  being  more  difficult  to  control,  it  has 
been  less  controlled,  even  where  it  is  a  menace,  than  the  yellow  fever 
mosquito  in  yellow  fever  countries. 

The  control  of  the  yellow  fever  mosquito  is  comparatively  easy, 
owing  to  its  habits  of  breeding.  It  seems  that  it  breeds  only  in 
barrels  and  other  small  receptacles  around  houses.  One  has  only  to 
prevent  water  from  standing  in  these  receptacles  in  order  to  get  rid  of 
the  yellow  fever  mosquito.  A  complete  demonstration  of  the  efficiency 
of  work  of  that  sort  has  been  given  in  Havana,  Cuba,  a  place  formerly 
pe-stered  with  yellow  fever  but  to-day  absolutely  free  from  the  disease. 
Yellow  fever  formerly  was  a  positive  menace,  and  retarded  the  in- 
dustrial development  of  the  city;  to-day  there  is  no  more  quarantining 
of  the  port,  and  no  more  shutting  up  of  business. 

We  know  that  the  Isthmian  Canal  could  probably  never  have  been 
completed  had  not  this  scientific  question  been  met  prior  to  com- 
mencing the  mechanical  work.  In  the  Canal  Zone  to-day  there  is 
no  yellow  fever,  and  mosquito  control  alone  has  accomplished  this 
wonderful  result. 

Referring  to  the  speaker's  section  of  the  country,  namely,  Essex 
County,  New  Jersey,  which  place  has  been  pestered  from  the  time  it 
was  first  colonized,  in  early  days,  to  the  beginning  of  the  present  season, 
we  have  reports  from  Colonial  times  stating  that  it  was  almost  im- 
possible to  live  in  certain  parts  of  this  section  of  the  country  on  ac- 
count of  the  mosquito  pest.  The  Essex  County  Mosquito  Extermina- 
tion Commission  holds  that  it  has  faced  a  difficult  problem  and  has 
worked  it  out  to  a  practical  solution  for  the  first  time,  as  far  as  the 
speaker  knows,  in  the  history  of  the  country. 

In  previous  years  local  boards  of  health  had  attempted  to  control 
the  mosquito,  and  through  them  a  desultory  movement  began.  Mr. 
Miller,  who  was  in  this  work  at  its  inception,  states  that  it  began 
about  eleven  years  ago,  and  the  speaker  assumes  that  that  was  about 
the  time  when  the  first  practical  work  was  attempted  by  local  boards 
of  health  with  respect  to  mosquito  control.  Up  to  1912,  it  was  found 
that  such  a  method  was  impractical.  The  local  boards  of  health 
could  not  obtain,  or  would  not  spend,  the  money,  and  even  those  that 
did  make  an  effort  to  do  their  share  in  the  extermination  of  the  mos- 
quito, suffered  greatly  from  the  inroads  of  mosquitoes  which  were  bred 
by  their  neighbors. 

This  led  to  an  attempt  to  formulate  a  law  by  which  to  get  control 
of  the  whole  problem,  and  be  sure  that,  if  there  were  six  little  towns 
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or  villages  in  the  comity,  instead  uf  liavinu  two  do  the  work  and  suffer  Dr. 
from  the  lack  of  work  on  the  part  ol'  tiie  other  four,  some  arrange- 
ment could  be  brought  about  whereby  all  six  municipalities  would  do 
enough  work  to  control  it.  That  led  to  the  passing  of  the  present 
county  law,  by  which,  as  Mr.  Miller  has  stated,  county  commissions 
are  established.  Each  commission  is  given  funds  in  accordance  with 
the  law,  rated  by  the  taxable  valuations  of  the  county.  The  com- 
mission formulates  its  plans,  states  the  amount  of  money  which  it 
will  need  for  the  season's  work,  and  sets  forth  the  need  of  the  work  to 
be  done.  This  is  forwarded  to  the  Director  of  the  State  Experiment 
Station,  and  his  "O.  K."  makes  it  mandatory  on  the  board  of  free- 
holders to  furnish  the  money  on  the  request  of  the  commission.  The 
commission  is  appointed  by  the  chief  justice  of  the  county.  This  re- 
lieves the  situation  and  takes  the  question  out  of  politics.  The  com- 
mission serves  without  pay,  and,  up  to  the  present  time,  this  system, 
as  it  is  being  tried  in  Essex  County,  has  been  found  to  be  admirably 
adapted  to  the  problem. 

The  Essex  County  Commission  has  met  Avith  much  criticism,  but 
in  spite  of  that  it  has  gone  ahead  with  the  work.  The  members  have 
felt  that  they  know  the  problem,  know  the  mosquito  and  know  how  it 
breeds;  they  know  how  it  can  be  controlled,  and  they  have  men  willing 
to  put  in  the  time  and  do  the  work,  and,  under  the  new  law,  they  have 
the  money. 

The  law  was  framed  so  that  the  appropriation  was  not  available 
until  a  certain  proportion  of  the  county  had  been  flooded  with  mosqui- 
toes which  bred  on  the  salt  marshes,  but,  after  that,  the  work  was 
carried  out  as  thoroughly  as  possible.  As  a  result,  both  the  local 
paper.s  and  the  general  sentiment  of  the  communities  were  unanimous 
in  the  opinion  that  they  had  never  known  a  season  when  mosquitoes 
were  so  few  in  Essex  County  as  the  one  just  past.  Weather  condi- 
tions may  have  been  favorable  for  the  Commission  during  1912, 
but  it  is  known  that  wherever  mosquitoas  have  been  found  heretofore 
they  were  found  to  be  breeding  during  the  past  summer,  but  there 
were  enough  men  to  control  the  situation.  It  seems  almost  useless 
to  continue  the  discussion  of  the  paper,  because  the  speaker's  work 
and  that  of  Mr.  Miller  naturally  have  been  on  parallel  lines;  his 
plans  are  the  speaker's  plans  on  this  subject,  and  the  results  are 
the  same. 

To  reiterate:  There  is  in  Essex  County,  as  Mr.  Gray  has  stated,  not 
only  the  salt  marsh  mosquito,  but  the  house  mosquito,  the  Culex 
pipien,  which  has  proven  a  greater  nuisance  than  either  of  the  salt 
marsh  varieties.  The  Culex  cantator  and  Culex  solicitans  breed  only 
in  salt  water.  These  mosquitoes  have  been  found  in  Morristown, 
Summit,  and  Bernardsville,  and  also  at  points  from  20  to  25  miles 
from    the   nearest   salt   marsh.      It   is   apparent,    therefore,    that   these 
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Dr.    varieties  are  migratory,  and  are  capable  of  flying  25  miles.     They  are 


Hunt 


most  prolific,  and  can  be  controlled  only  by  ditching  the  salt  marshes. 
The  salt  marshes  on  the  Hudson  County  IMeadows  and  on  the  Union 
County  Meadows  are  being  ditched  thoroughly,  and  it  is  hoped  and 
believed  that  the  salt  marsh  mosquito  can  be  eliminated  from  Essex 
County  and  from  New  Jersey,  if  this  work  is  continued  in  its  present 
form. 

The  Culex  pipien  is  a  small  mosquito  which  breeds  in  fresh  water, 
and  the  dirtier  the  water,  the  better  it  likes  it.  It  breeds  in  brooks, 
in  old  tin  cans,  in  pools,  and  in  any  place  where  there  is  water.  It 
requires  a  house-to-house  inspection  for  its  control.  It  is  a  continuous 
nuisance,  and  to  eliminate  it  each  inspector  must  visit  and  revisit  every 
house  in  his  district.  Essex  County  was  divided  into  as  many  dis- 
tricts as  seemed  wise,  and  an  inspector  was  placed  over  each  one  and 
made  directly  responsible  to  his  chief,  and  the  chief  to  the  Commission. 

The  above-mentioned  mosquitoes  are  practically  the  only  three 
varieties  which  are  found  in  Essex  County.  We  know  where  they 
breed;  we  know  how  they  breed;  and  we  know  how  to  beat  them;  and, 
if  the  money  is  still  forthcoming  in  future  years,  we  believe  it  to  be 
inevitable  that  the  mosquito  must  go. 

All  will  acknowledge  the  fact  that  it  would  be  a  wonderful  thing 
for  New  Jersey  or  for  any  community  to  rid  itself  of  mosquitoes. 
One  can  hardly  estimate  just  what  it  means  in  real  estate  values 
alone.  It  is  within  the  experience  of  everybody  who  lives  in  New 
Jersey  that  men  who  have  gone  there  to  occupy  property  and  to  make  it 
a  permanent  home,  have  suffered  from  this  little  pest,  the  Culex 
pipien,  and  the  salt  marsh  mosquitoes,  and  have  gone  away  and  re- 
fus'^d  to  invest  in  property  in  that  State.  Therefore,  in  Essex  County, 
it  is  considered  a  good  investment  to  devote  $75  000  toward  the  ex- 
termination of  the  mosquito  and  set  it  against  the  depreciation  in  real 
estate  and  the  actual  discomfort  which  comes  from  the  pest. 

The  speaker  is  a  practicing  physician,  and  during  1912  has  been 
somewhat  interested  in  the  amount  of  malaria  in  the  county.  He 
agrees  with  Mr.  Gray  in  his  statement  that  the  mosquito  problem  is 
more  of  a  nuisance  than  a  health  proposition;  not  that  we  do  not 
have  malaria  in  New  Jersey,  for  we  do  have  it,  but  it  is  a  negligible 
quantity,  and  we  would  not  feel  justified  in  spending  any  such  sum  of 
money  to  get  rid  of  what  little  malaria  there  is  in  the  county.  In  doing 
away  with  this  nuisance,  however,  we  will  destroy  the  Anopheles 
mosquito,  which  is  the  carrier  of  malaria. 

The  speaker  is  very  glad  that  Mr.  Miller  ha.s  written  this  paper, 
and  feels  that  everywhere  we  go  we  should  preach  this  gospel.  If 
intelligent  men  could  be  interested  in  the  subject,  another  step  in  the 
fight  would  be  won.  It  is  hoped  that  each  engineer  will  do  all  he  can 
in  his  community  to  create  an  interest  in  this  work  and  aid  it  in  every 
possible  way. 
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'J'lie  mosquito  does  act  as  an  intermediate  host.  The  malarial  Dr. 
organit^m  goes  through  an  entirely  diflferent  stage  in  the  mosquito 
from  what  it  does  in  the  body  of  man.  This  is  also  true  in  yellow 
fever,  as  far  as  is  known.  It  cannot  be  traced  in  yellow  fever,  be- 
cause the  organism  has  not  yet  been  determined,  but  in  the  case  of 
malaria  the  organism  has  been  traced  in  all  its  stages  from  man  to 
uuis(iuito  and  from  mosquito  back  to  man. 

luiHKRT  A.  KuTiiERFURD.  EsQ. — In  Connecticut,  a  number  of  people     Mr. 
interested  in  the  mosquito  question,  including  the  speaker,  are  trying     furd."^ 
to   obtain   some   legislation,   based   on   the   effective   New   Jersey   law, 
Itut  modified  to  suit  the  different  political  and  physical  conditions. 

The  people  are  bothered  to  a  great  extent  with  salt  marsh  mosqui- 
toes which  can  be  eliminated  by  drainage  of  the  salt  marshes.  One 
of  the  proposed  bills  places  the  entire  direction  and  execution  of  the 
marsh-drainage  part  in  the  hands  of  the  Director  of  the  State  Agri- 
cultural Experiment  Station.  Another  bill  deals  with  the  breeding 
of  fresh-water  mosquitoes,  and  empowers  boards  of  health  to  remove 
them  like  any  other  nuisance. 

From  all  the  preliminary  missionary  work  that  has  been  done,  it 
looks  as  if  favorable  results  would  be  obtained  from  the  efforts  which 
are  being  made  at  Hartford. 

The  proposed  bill  putting  the  marsh  drainage  work,  etc,  in  the 
hands  of  the  Director  of  the  State  Agricultural  Experiment  Station 
calls  for  an  appropriation  of  $200  000,  and  gives  power  to  investigate, 
inspect,  and  survey  all  suspected  breeding  marsh  areas,  and  also  gives 
him  authority  to  hire  engineers,  etc.,  to  survey  and  map  such  areas, 
and  to  estimate  and  insiiect  such  work  as  required.  The  engineers 
should  have  a  knowledge  of  mosquito  breeding  marshes. 

Some  private  anti-mosquito  work  in  several  of  the  small  towns 
has  given  very  good  results,  particularly  the  ditching  of  salt  marshes; 
and,  of  course,  as  Mr.  Miller  states,  that  has  to  be  maintained  from 
year  to  year,  and  kept  in  proper  shape,  or  the  mosquitoes  go  back 
and  make  worse  breeding  places  than  ever. 

1\i:nxi:tii  Ai.lkn.  ]\1.  Am.  Soc.  C.  E. — Reference  has  been  made  to  Mr. 
the  breeding  of  mosquitoes  in  catch-basins.  These  basins  may  be  ' 
very  i)rolific  sources  of  such  pests  in  oiir  citias,  and  very  little  has 
been  done  to  prevent  them  from  becoming  breeding  places.  When  in 
Washington,  in  September,  1912,  the  speaker  was  interested  to  see 
that  active  preventive  measures  were  being  taken  to  that  end,  under  the 
direction  of  Asa  E.  Phillips,  M.  Am.  Soc.  C.  E.,  Superintendent  of  the 
Sewer  Department.  The  catch-basins,  of  which  there  are  more  than 
5  000,  are  flushed  regularly,  once  a  fortnight,  and  are  given  a  dose 
of  about  a  cupful  of  oil  during  the  breeding  season.  The  cost  of 
each   application   is   about   6   cents  per   basin.     The   catch-basins   are 
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Mr.  cleaned  once  in  4  weeks  throughout  the  year,  the  flushing  being  merely 
®°"  to   remove  the  stagnant   water. 

Cesspools  also  afford  favorable  conditions  for  mosquito  breeding, 
and  it  will  be  interesting  to  note  what  change  may  be  observed  in  a 
city  like  Baltimore,  where  100  000  cesspools  are  being  abandoned  on 
the  introduction  of  sewerage,  and  where,  in  certain  localities,  this  insect 
has  been  a  serious  nuisance. 

The  dissemination  of  disease  by  mosquitoes  has  been  suspected 
for  many  years,  although  the  conclusive  proof  is  recent.  Dr.  Howard 
A.  Kelly,  of  Baltimore,  in  a  paper  before  the  Johns  Hopkins  Medical 
Society,  mentions  some  native  writings  of  the  Sixth  Century,  dis- 
covered by  the  Governor  of  Ceylon  about  ten  years  ago,  in  which  insects 
are  mentioned  as  carriers  of  disease,  and  certain  kinds  of  mosquitoes 
which  cause  malaria  are  described. 

In  1848  Dr.  Josiah  C.  Nott,  of  Mobile,  Ala.,  expressed  the  opinion 
that  yellow  fever  was  transmitted  by  insects,  but  it  was  not  until 
1886  that  the  disease  was  charged  to  the  Stegomyia  fasciata  by  a 
Scotchman  then  living  in  Havana — Dr.  Carlos  J.  Finlay;  and  then 
some  14  years  elapsed  before  this  was  demonstrated  to  be  a  fact  by 
Dr.  Walter  Eeed,  U.  S.  A.,  and  his  colleagues.  Eeferring  to  this. 
Dr.  Kelly  says: 

"One  thing  must  strike  every  reader  of  Reed's  experimental  work — 
that  it  is  based  on  nothing  which  was  not  easily  within  the  scope  of 
scientific  investigation  at  any  time  within  the  last  200  years.  Their 
success  rested  upon  inductive  reasoning,  accuracy  of  observation,  and 
perseverance,  and  thus  affords  an  added  illustration  of  the  old  lesson 
that  the  simple  solution  is  the  product  of  the  master  mind." 

Mr.  W.    E.    Britton,    Esq.*    (by   letter). — The   writer   has   been   much 

Bntton.  ii^terested  in  this  paper  and  realizes  that  the  civil  engineer  has  a  great 
opportunity  for  effective  work  in  mosquito  elimination.  Especially 
is  this  true  in  regard  to  construction  work,  where  some  of  the  very 
worst  breeding  places  have  been  formed  by  carelessly  intercepting 
the  natural  drainage  in  the  building  of  railroads  and  highways  across 
marsh  lands. 

The  subject  of  mosquito  control  naturally  falls  into  two  subdivi- 
sions: (1),  Salt  marsh  or  migratory  species;  and  (2),  Malarial,  rain- 
barrel,  and  other  local  species. 

The  control  of  the  first  species  requires  a  large  initial  expenditure 
for  drainage.  As  salt  marsh  mosquitoes  migrate,  often  flying  many 
miles,  not  only  the  area  where  they  breed,  but  all  the  adjacent 
towns  are  affected.  Local  effort,  therefore,  is  not  satisfactory  unless 
universal  co-operation  is  established.  This  is  difficult.  It  seems  to  be 
a  wise  provision,  therefore,  that  such  work  be  managed  by  the  State, 
as  is  done  in  New  Jersey.  After  the  drains  have  been  cut,  a  small 
*  Stai«  Entomologist,  New  Haven,  Conn. 
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sum    must    be    expendod    anminlly    for    maintonance,    and    the    writer      Mr. 
believes  that  this  may  be  safely  imposed  on  the  towns,  possibly  with  Bntton. 
a  provision  that  the  State  may  do  the  work  in  case  the  towns  fail.     It 
must  be  done  some  way. 

The  second  subdivision  deals  more  particularly  with  a  local  nui- 
sance, and  more  properly  belongs  to  the  province  of  the  health 
officer.  If  the  laws  are  insufficient,  more  authority  should  be  given 
to  the  health  officer  and  more  funds  provided  in  order  to  enable  him 
to  cope  with  the  situation. 

The  control  of  the  rain-barrel  and  malarial  and  other  non-migratory 
species  may  best  be  effected  by  frequent  inspections  of  premises,  at 
the  expense  of  the  town  or  city,  and  by  orders  issued  by  local  au- 
thorities, the  cost  of  the  treatment  to  be  borne  either  by  the  property 
owner,  or  by  the  municipality  or  town.  State  supervision  or  inter- 
ference is  hardly  necessary. 

Whether  or -not  county  mosquito  commissions  are  desirable  will 
depend  on  conditions  existing  in  the  different  States.  In  Connecticut, 
for  instance,  there  are  county  public  health  associations  composed  of 
the  town,  city,  and  borough  health  officers  and  a  few  citizens  promi- 
nently interested  in  matters  of  public  health.  Such  organizations  at 
their  meetings  discuss  these  problems  and  adopt  general  policies;  and 
each  individual  health  officer  will  solve  his  local  difficulties  with  a 
-tronger  courage  if  he  knows  that  the  organization  is  back  of  his 
rtforts. 

In  mosquito  elimination,  as  in  all  other  questions  of  great  public 
import,  however,  a  strong  public  sentiment  must  be  obtained.  Think- 
ing people  must  be  awakened.  Often  laws  will  help  to  create  that 
sentiment,  but  they  are  of  little  value  imless  supported  by  it.  A  great 
educational  campaign  is  needed,  and  every  legitimate  means  should 
be  adopted  to  an  end  which  will  improve  the  health,  efficiency,  com- 
fort, and,  ultimately,  the  financial  condition  of  the  people. 
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By  Messrs.  Frank  E.  Winsor,  W.  E.  Britton, 
F.  W.  Austin,  and  Harry  G.  Payrow. 


Frank   E.   Winsor,   M.   Am.    Soc.   C.   E. — This   paper  is   a  timely     Mr. 
contribution  on  an  important  subject  relative  to  which  very  little  has 
appeared  heretofore  in  the  publications  of  the  Society. 

The  construction  and  sanitation  of  camps  for  the  temporary  hous- 
ing of  men  have,  generally  speaking,  received  little  scientific  considera- 
tion among  those  responsible  for  their  creation,  and  the  author's  sug- 
gestions are  so  materially  in  advance  of  common  practice  as  to  be 
considered  by  many,  perhaps,  revolutionary. 

The  proper  sanitation  of  construction  camps  depends  on  a  variety 
of  considerations,  and  involves  many  diverse  problems.  The  character 
of  camp  construction  should  depend  on  seasonal  variations  of  climatic 
conditions,  the  length  of  time  which  the  camp  will  be  occupied,  the 
nationality'  and  intelligence  of  the  occupants,  the  character  of  the 
country  in  which  the  camp  is  located — particularly  whether  in  a  popu- 
lated or  non-populated  district — and  other  less  important  considerations. 

The  following  discussion  is  mainly  from  the  viewpoint  of  camps 
located  in  more  or  less  populous  districts,  the  occupancy  of  which 
extends  over  more  than  one  working  season.  The  methods  of  camp 
construction  and  sanitation  described  lia.ve  been  used  successfully  along 
large  portions  of  the  Catskill  Aqueduct,  a  structure  some  90  miles  in 
length,  extending  from  the  Catskill  Mountains  to  New  York  Citj',  and 
now  nearing  completion.  The  work  and  methods  outlined  are  both 
practical  and  reasonable,  and  are  believed  by  the  speaker  to  be  adapta- 

*  Continued  from  January,  1913,  Proceedings. 
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h\p,  with  suitable  modifications  in  detail,  to  substantially  all  conditions. 
The  subject  may  be  conveniently  treated  under  the  following-  headings : 

1.- — Location  of  Gamp. — Generally  speaking,  camps  should  be  located 
on  high,  dry  ground,  preferably  sandy;  and,  where  located  on  a  drain- 
age area  tributary  to  a  domestic  water  supply,  a  site  remote  from  water- 
courses should  be  selected. 

2. — Water  Supply. — A  water  supply  of  suitable  quality  and  quantity 
for  drinking,  bathing,  and  washing  must  be  provided,  and,  if  the  camp 
is  to  be  used  for  any  considerable  period,  the  supply  should  be  properly 
piped  under  pressure  to  the  various  buildings.  A  ground-water  sup- 
ply from  deep  wells,  protected  from  surface  pollution,  is  generally 
the  most  satisfactory,  although  under  some  conditions  it  may  be  allowa- 
ble to  use  surface  springs  or  surface  streams,  if  their  purity  can  be 
properly  and  continuously  safeguarded.  Dug  wells,  open  at  the  top,  are 
almost  always  polluted,  and  it  is  seldom  safe  to  use  water  from  streams 
and  lakes,  particularly  in  a  territory  at  all  populated,  without  proper 
purification.  It  is  important,  especially  with  sources  other  than 
ground-water,  to  make  frequent  analyses  in  order  to  secure  a  continu- 
ous suitable  quality  of  the  supply. 

3. — Food  Supply. — An  intelligent  selection  and  inspection  of  all 
food  products,  particularly  milk  and  such  articles  as  are  used  without 
cooking,  is  important. 

J)..- — Waste  Disposal. — The  most  efficient  method  of  disposal  of 
human  excreta,  including  urine,  is  by  incineration,  and  it  has  been 
found  entirely  practicable  to  collect  and  incinerate  such  wastes 
from  camps  of  both  large  and  small  size.  Various  types  of  incin- 
erators have  been  used,  including  several  small,  portable  ones  with 
seats  and  urinals  attached;  but,  generally  speaking,  with  camps  of  con- 
siderable population,  with  several  years  occupancy  in  prospect,  it  has 
been  found  more  economical  and  practical  to  build  special  incinerating 
furnaces,  properly  housed,  and  to  collect  all  the  fecal  matter  in  tight 
cans,  which  are  placed  imder  the  seats  in  the  closets  and  changed 
daily.  Suitable  closets  for  housing  the  cans,  protected  from  flies  by 
thorough  screening,  should  be  provided  throughout  the  camp  and  along 
the  line  of  the  work.  The  speaker  is  of  the  opinion  that,  under  all 
conditions,  incineration  is  much  to  be  preferred  to  the  latrines  sug- 
gested by  the  author. 

With  the  fecal  matter  disposed  of,  the  problem  of  the  other  camp 
wastes  is  materially  simplified.  Garbage  should  be  collected  and 
burned  daily.  Stable  manure  should  be  disposed  of  daily,  preferably 
by  incineration,  although  it  may  be  allowable,  in  agricultural  dis- 
tricts, to  permit  its  use  on  land,  if  it  is  hauled  a  sufficient  distance  from 
the  camp  to  make  sure  that  any  flies  which  might  breed  in  it  cannot 
reach  the  camp  area.  Liqviid  wastes  from  the  camp,  other  than  those 
previously   mentioned,   may   be   taken   care   of   in   a   variety   of   ways, 
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depending'  on  local  conditions.  If  the  camp  is  located  in  a  drainage 
area  tributary  to  a  public  water  supply,  particularly  if  the  drainage 
from  the  camp  enters  such  water  supply  near  an  intake,  extreme  pre- 
cautions are  necessary.  In  the  case  of  camps  located  on  the  drainage 
area  of  Croton  Lake  (the  main  source  of  supply  of  that  portion  of 
New  York  City  which  includes  the  Boroughs  of  Manhattan  and  the 
Bronx),  the  following  precautions  were  taken:  The  camp  was  sur- 
rounded by  intercepting  ditches,  and  the  rainfall  on  the  area,  inside 
these  ditches  was  collected  in  a  settling  basin  of  sufficient  capacity 
to  hold  the  rainfall  from  substantially  all  storms.  From  this  settling 
basin  the  water  was  run  through  sand  filters.  These  sand  filters  also 
filtered  the  wash-water  from  the  camp,  this  water  being  collected  by 
a  proper  sewerage  system.  The  effluent  from  these  filters  was  after- 
ward dosed  with  chlorinated  lime,  so  that  a  substantially  sterile  efflu- 
ent was  finally  obtained — generally  much  better  than  the  natural  flow 
of  the  stream  into  which  it  emptied.  In  case  of  camps  located  in 
polluted  drainage  areas  not  used  for  domestic  water  supply,  the  omis- 
sion of  filtration  for  surface  run-oif  from  the  camp  and  the  substitu- 
tion of  septic  tanks  or  broad  irrigation  for  wash-water,  etc.,  may  be 
permitted. 

5. — Character  of  Construction  of  Buildings. — Ample  provision  for 
air  space  and  ventilation  should  be  made  in  the  buildings,  and  a  mini- 
mum allowance  of  400  cu.  ft.  of  air  space  per  occupant  is  believed  by 
the  speaker  to  be  none  too  much.  Proper  heating  in  the  winter  season 
and  suitable  lighting  should  be  insisted  on.  The  mess-house  should 
be  detached  from  the  other  buildings.  Hospitals  of  proper  size  and 
suitable  equipment  should  be  provided,  and  a  building  which  may  be 
used  as  an  isolation  hospital  should  be  in  readiness  in  case  of  contagious 
diseases. 

0. — Medication. — A  physical  and  medical  examination  of  applicants 
for  employment  is  very  desirable,  and  may  avoid  much  subsequent 
trouble.  The  continuous  attendance  of  a  properly  qualified  physician, 
to  take  charge  of  the  sanitation  of  the  camp  and  the  health  of  the 
occupants,  is  very  important,  particularly  in  cam[)s  housing  a  con- 
siderable number  of  men. 

7. — Protection  from  Flies. — One  of  the  most  important  problems 
in  sanitation  is  to  prevent,  as  far  as  possible,  the  breeding  of  flies, 
which  are  believed  by  the  speaker  to  be  one  of  the  greatest  pests  in 
existence.  The  daily  collection  and  disposal  of  all  camp  wastes,  in  most 
of  which  flies  may  breed,  should  be  rigidly  insisted  on,  and  all  quarters 
for  the  men,  and,  in  fact,  all  buildings  in  the  camp,  should  be  i)roperly 
screened. 

8. — Fences  and  Lighting. — As  extreme  precautions,  high  fences  of 
a  man-proof  type  entirely  surrounding  the  camp,  with  one  or  more 
openings   which   can,   when   desirable,   be  placed   under  proper  guard, 


Mr. 
Wiiisor. 
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Mr.  and  illumination  of  the  camp  area  at  night,  have  been  found  very 
■  effective  as   aids   in   securing  compliance  with  sanitary   rules. 

9. — Police. — An  efficient  police  force,  while  not  essential,  is  a.  valua- 
ble adjunct  in  connection  with  securing  the  best  results. 

There  is  no  doubt  in  the  speaker's  mind  as  to  the  economy  of  proper 
camp  sanitation.  It  has  been  demonstrated  as  both  possible  and  prac- 
ticable to  eliminate  substantially  the  scourge  of  typhoid  fever  and 
other  contagious'  diseases,  and  to  secure  sanitary  conditions  in  tempo- 
rary camps  in  advance  of  those  found  in  most  established  communities. 
There  is,  no  doubt,  a  great  increase  in  the  individual  efficiency  of 
men  employed  vmder  proper  sanitary  conditions,  and  a  large  gain 
also  due  to  non-interruption  of  the  work  on  account  of  sickness  among 
the  force.  The  restriction  as  to  time  is  very  important  in  nearly  all 
construction  work,  and  expenditures  for  adequate  camp  sanitation, 
which  should  never  exceed  a  small  percentage  of  the  cost  of  the  work, 
will  almost  invariably  be  returned  several-fold  in  economy  resulting 
from  increased  efficiency  of  the  force,  earlier  completion  of  the  work, 
and  other  indirect  and  less  tangible  benefits.  The  safeguarding  of  the 
health  of  the  surrounding  country  is  also  a  most  important  factor  in 
work  located  in  populous  districts. 

The  efficient  enforcement  of  sanitary  rules  is  a  very  difficult  matter 
with  the  class  of  labor  ordinarily  employed  on  construction  work,  and 
the  immediate  discharge  of  employees  who  are  discovered  violating 
these  rules  has  been  found  to  be  the  most  effective  means  of  securing 
their  enforcement.  A  continuous  campaign  of  education  is  also  of 
great  value  as  an  aid  to  securing  the  best  results.* 

Mr.  W.  E.  FjKITtux,  Esij.f  (by  letter). — The  importance  of  camp  sanita- 

'  tion  has  long  been  overlooked  by  both  engineers  and  contractors,  doubt- 
less for  the  reasons  given  in  Mr.  Gray's  admirable  paper.  Recent 
discoveries,  which  show  how  many  communicable  diseases  are  transmit- 
ted by  insects,  render  strict  rules  and  regulations  imperative,  and 
sanitary  precautions  and  appliances  essential.  As  regards  the  labor- 
ers, ignorance  is  their  chief  excuse,  but  this  is  not  so  with  the  engi- 
neer, who  should  also  be  a  sanitarian,  for  prevention  is  better  than 
cure. 

The  construction  of  the  Panama  Canal  was  primarily  a  problem 
of  sanitation,  and  could  not  have  been  solved  from  other  standpoints. 
The  average  contractor  is  probablj^  more  easily  moved  by  a  desire  to 
further  the  progress  and  profits  of  his  work  than  by  humanitarian 
and  philanthropic  motives.     For  this  reason,  an  appeal  for  sanitation 

*  A  very  complete  and  able  paper  by  Andrew  J.  Provost,  Jr.,  Sanitary  Expert,  entitled 
"Sanitary  Problems  of  the  Board  of  Water  Supply,"  outlining  the  methods  and  results     j 
of  sanitation  along  the  line  of  the  Catskill  Water-works,  the  new  water  supply  for  New     j 
York  City,  was  presented  before  the  Municipal  Engineers  of  the  City  of  New  York,  and  is 
published  in  the  Proceedings  of  that  Society  for  1911 

I  State  Entomologist,  New  Haven,  Conn. 


l\i|H'r.s.l     DISCUSSION*:  saMtatiox  i)V  coNsm'Kmci'iov  camps         297 

on  the  grounds  of  increased  efficiency  of  his  men  and  to  prevent  Mr. 
economic  loss  seems  to  be  wise.  A  few  damage  suits  for  criminal 
negligeiu'c  in  extreme  cases  might  have  a  sahitary  effect.  Of  course, 
tliere  are  many  construction,  lumber,  and  mining  camps  located  far 
from  other  human  habitations,  and,  in  such  cases,  a  neglect  of  sanita- 
tion affects  only  those  connected  with  the  camps.  On  the  other  hand, 
there  are  construction  camps  located  on  the  outskirts  of  many  cities 
luid  villages,  and  here  a  neglect  of  sanitary  measures  imperils  the 
lives  and  health  of  thousands,  though,  in  most  cases,  s\ich  camps  would 
lie  within  the  jurisdiction  of  the  health  officer. 

After  the  resident  physician,  the  engineer  is  probably  the  most  im- 
portant officer  concerned  with  the  establishment  of  construction  camps, 
and  it  is  to  him  that  we  must  look  in  the  future  for  a  large  degree 
of  improvement  in  camp  sanitation.  If  he  has  a  knowledge  of  the 
dangers  and  will  assume  the  responsibility  of  avoiding  and  remedying 
them,  we  are  making  real  progress.  It  is  gratifying  that  papers  of 
this  nature  are  presented  before  the  Society. 

F.  W.  AusTix.  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter).— Mr.  Gray  Mr. 
is  to  be  congratulated  for  the  manner  in  which  he  has  presented  ^"^*"'- 
this  subject.  The  proper  sanitation  of  camps  should  appeal  to  many 
construction  engineers  and  contractors,  and  it  is  to  be  hoped  that 
better  sanitary  conditions  may  be  obtained.  Any  method  or  system, 
however,  to  appeal  to  the  contractor,  should  consist  of  appliances 
which  are  easily  and  economically  obtained.  For  example,  Mr. 
Graj'  stipulates  that  copper  or  bronze  screens  should  be  used  to 
protect  the  various  openings,  such  as  windows,  doors,  etc.  The  con- 
tractor is  usually  situated  where  copper  or  bronze  cloth  is  not  readily 
or  economically  obtained,  and  it  is  not  quite  clear  to  the  writer 
why  common  iron  screens  will  not  answer  the  purpose  quite  as  well, 
as  they  are  for  temporary  use  and  all  temporary  buildings  are  aban- 
doned by  the  contractor  or  sold  for  a  nominal  sum  when  the  work  is 
completed. 

Perhaps  the  greatest  obstacle  to  be  overcome  will  be  the  lack  of 
discipline.  In  the  average  contractor's  camp,  a  large  percentage  of 
the  laborers  employed  remain  for  a  short  time  only,  in  some  camps 
from  5  to  15  days  is  a  fair  average,  and  many  of  them  are  not 
enthusiastic  about  shaving  and  taking  baths.  They  are  also  not  much 
given  to  worrying  about  disciplinary  measures,  such  as  being  suspended 
from  the  payroll  or  discharged  from  service.  It  is  evident,  however, 
that  much  improvement  can  be  made.  It  will  be  necessary  to  arouse 
more  interest  on  the  part  of  contractors,  for,  as  a  rule,  they  do  not 
take  much  interest  in  the  sanitary  condition  of  their  camps. 

If  the  company  letting  the  contract  would  insert  a  clause  requiring 
the  contractor  to   keep   hi.s   camp    in    a    iiroper  sanitary  condition,   tlie 
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Mr,     engineer  in  charge  would  then  be  in  a  position  to  enforce  the  necessary 

•\"^fi"   puies  and  regulations  to  bring  about  the  desired  result.     This  would 

not  only  improve  the  efficiency  of  the  service,  but  would  tend  to  create 

a   favorable   impression    among   the   people   living   in   the   vicinity   of 

the  camp. 

Mr.  Harry  G.  Payrow,  Jun.  Am.  Soc.  C.  E.  (by  letter). — Until  recent 

Payrow.  ^.g^^j.g^  ^j-ig  sanitation  of  construction  camps  received  little  attention 
by  health  authorities,  due  partly  to  the  fact  that  most  camps  are  re- 
mote from  populated  districts  and  that  the  avithorities  arc  indifferent. 
On  the  other  hand,  engineers  and  contractors  have  not  manifested 
as  great  an  interest  as  they  should,  for,  as  the  author  states,  camp 
conditions,  to  a  large  extent,  govern  the  efficiency  of  the  labor. 

The  following  is  a  brief  description  of  the  methods  in  actual 
practice  in  a  construction  camp  with  which  the  writer  was  con- 
nected. These  methods  are  believed  to  be  simple,  of  low  maintenance 
cost,  and  effica,cioi;s. 

This  camp  was  on  the  water-shed  of  a  reservoir  used  as  a  city 
water  supply,  and  at  that  time  an  additional  $1  000  000  dam  was  under 
construction.  For  convenience,  the  camp  was  near  the  work  and  on 
slightly  sloping  ground.  An  enclosure  was  formed,  with  a  man-proof 
fence  of  5  strands  of  barbed  wire,  and  only  one  gate  was  provided. 
Outside  of  this  fence  a  2  by  3-ft.  trench  was  excavated  all  around 
the  enclosure  to  catch  the  storm-water,  thus  preventing  it  from  reach- 
ing the  reservoir.  The  trench  was  graded  to  carry  the  water  to  a 
sump  where  it  filtered  away. 

The  sleeping  quarters  consisted  of  a  well-built,  one-story  wooden 
building,  covered  with  weather  paper.  Instead  of  the  old  style  bunks, 
there  were  comfortable  iron  beds,  a  few  being  on  a  balcony  along  one 
side  of  the  room.  A  large  coal  stove  was  used  for  heating.  The  mess- 
room  was  a  separate,  one-story  building,  and  contained  long  tables 
with  benches  and  two  or  three  cook-stoves.  Connecting  the  two  build- 
ings there  was  a  commissary,  where  supplies  of  good  quality  were 
sold  at  reasonable  prices.  All  windows  and  doors  were  effectively 
screened. 

The  sanitary  closets  were  within  the  camp  enclosure,  so  that  the 
men  would  not  be  tempted  to  go  elsewhere.  These  were  ordinary 
closets,  except  that  galvanized-iron  ash-barrels  were  used  as  re- 
ceptacles. These  barrels  were  taken  away  regularly  every  day  to  a 
farm  situated  far  from  the  water-shed,  and  there  emptied,  washed, 
sprinkled  with  lime,  and  returned  the  next  day.  All  garbage  was  also 
disposed  of  in  this  manner,  barrels  being  placed  in  convenient 
places  for  the  disposal  of  waste  matter.  At  the  height  of  fly-time  all 
sanitaries  were  sprayed  with  a  formaldehyde  solution,  which  prevented 
to  a  large  extent  the  accumulation  of  flies.  For  washing  purposes, 
a  small  sand  filter  was  constructed  within  the  enclosure,  and  all  wash- 
water  was  thrown  on  the  filter. 
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'J'here  was  a  caretaker  for  the  camp,  and  it  was  liis  duty  to  see  that  Mr. 
beds  were  aired  daily,  floors  swept,  disinfectant  sprinkled  about  (especi- 
ally in  the  sanitary  closets),  and  that  the  men  did  not  throw  refuse 
carelessly  about  the  enclosure.  The  patrolman  of  the  water-shed, 
employed  by  the  city,  visited  the  camp  at  least  once  a  day  and  forcibly 
reminded  the  caretaker  of  his  responsibility. 

Tlie  sanitaries  on  the  work  were  provided  with  ash-cans  which  were 
collected  daily  and  cleaned,  as  before  stated.  Any  man  on  the  work 
who  was  so  forgetful  as  to  fail  to  use  the  sanitary  closet  was  either 
laid  off  or  discharged,  according  to  the  seriousness  of  the  oifense. 
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SUGGESTED  PLAN 

OF  A 

CONTRACTORS  CAMP   FOR  30  TO  40   MEN 
Fig.  3. 

Fig.  3,  a  plan  of  a  contractor's  camp,  is  submitted  merely  as  a 
suggestion  for  a  layout.  Additional  sleeping  quarters  can  easily  be 
provided  if  a  larger  number  of  men  are  to  be  employed.  It  is  quite 
essential  that  there  be  plenty  of  yard  room  surrounding  the  building, 
for  this  tends  to  keep  the  men,  while  idle,  within  the  enclosure. 

After  the  men  understood  what  was  required  of  them,  they  gladly 
conformed  to  the  regulations  and  very  few  breaches  occurred.  They 
enjoyed  the  camp,  very  few  of  them  left  the  contractor,  and  there  was 
no  trouble  in  getting  men  to  come  on  the  work.  This  was  in  marked 
contrast  to  another  camp,  of  the  old  bunk  variety,  on  the  same  work. 
This  was  conducted  by  another  contractor,  and  the  men  were  continu- 
ally  disgruntled   and   constantly   leaving. 
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By  Messrs.  L.  J.  Lie  Conte  and  Morris  Knowles. 


L.  J.  Le  CoxXTe,  M.  Am.  Soc.  C.  E.  (by  letter). — This  interesting      Mf. 
paper  furnishes  valuable  information  relating  to  the  troubles  of  the 
irrigation  engineer  and  the  irrigators.     A  record   of  the  memorable 
struggles  with  flood-waters  in  the  Colorado  Delta  in  recent  years  will 
always  be  a  source  of  valuable  information. 

The  rich  fertilizing  qualities  of  the  silty  waters  of  the  Colorado 
liiver  are  well  known.  The  important  point  to  keep  in  mind  is  the 
fact  that  the  rich  and  desirable  sediment  always  comes  down  with 
the  first  rising  river  waters,  and  the  undesirable  barren  sandy  silt 
during  high  water  and  the  falling  river  stages.  It  follows,  therefore, 
that  the  desirable  silt  is  to  be  had  largely  from  the  rising  river  waters, 
and  that  suitable  management  and  wise  control  of  the  scouring  sluices 
and  regulating  gates  at  each  end  of  the  Laguna  Weir  are  of  the  greatest 
importance  in  the  maintenance  of  the  entire  canal  system.  In  order 
to  reduce  silting  troubles  to  a  minimum,  the  mean  velocity  of  flow 
throughout  the  entire  canal  system  should  be  as  nearly  uniform  as 
practicable. 

For  this  purpose  the  formula  given  by  Mr.  R.  G.  Kennedy,!  is 
very  useful,  namely : 

Wlocity  =  0.84  d"-"*, 


*This  discussion  (of  the  paper  by  H.  T.  Cory.  M.  Am  Soc  C.  E.,  published  in  Novem- 
ber. 1912,  Proceedings,  and  presented  at  the  meetinir  of  January  8th.  1913).  is  printed 
in  f^'ioceeclingx  in  order  that  the  views  expies.sed  Tnay  be  broujjlit  before  all  members  for 
further  discussion. 
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Mr. 


hence,  comparing  one  channel  flow  with  another,  we  have  practically 
^^*^^'""*^-  the  ratio: 

c  :  r,  :  :  ^dr  :  vj/rZ,- 
but,  after  all,  the  main  feature  to  keep  constantly  in  mind  is  that  the 
mean  velocity  varies  as  -y/i^  S,  and  that  S  is  the  slope  of  the  surface 
of  the  water  and  not  the  slope  of  the  bed  of  the  canal.  With  the 
best  of  management,  however,  there  will  always  be  some  silting  up. 
but  the  silt  ought  to  be  largely  of  valuable  character,  and  when  dredged 
and  deposited  on  the  bank  adjoining  the  county  roads  the  farmers 
will  eagerly  cart  it  away  for  fertilizing  purposes.  The  clean,  barren, 
sandy  silts  which  are  so  undesirable,  should  not  be  allowed  to  enter  the 
head-works  of  the  canal  to  any  large  extent.  The  cost  of  the  Laguna 
AVeir,  $434  per  lin.  ft.,  when  compared  with  the  cost  of  the  Kistna 
Anient,  in  India,  $304  per  lin.  ft.,  seems  to  be  unreasonable,  but  such 
comparisons  are  always  odious  especially  when  all  circumstances  are  not 
known.  The  annual  revenues  from  the  Kistna  system  amount  to  $1  500- 
000,  and  if  the  Laguna  Weir  system  approximates  this  figure,  in  the 
course  of  events,  all  will  be  satisfied. 

The  author's  remarks  about  a  "rating  curve"  are  commendable. 
No  official  record  is  so  absolutely  unreliable  as  the  conventional  rating- 
curve  for  any  given  gauging  station.  It  is  Avorse  than  no  record 
whatever,  inasmuch  as  it  is  a  worthless  official  record  which  will  have 
to  be  officially  disproved  in  Court  before  one  can  get  authority  to 
proceed.  Experience  everywhere  on  sedimentary  rivers  shows  that  all 
the  cross-sections  of  a  rising  river  are  enormously  increased  in  area 
by  the  scouring  out  effect  of  the  down-rushing  flood-waters  ladened 
only  with  lighter  sediment.  The  heavy  sandy  sediments  gradually 
crawl  down  river  much  more  slowly  than  the  rushing  flood-waters, 
hence  they  do  not  show  until  the  river  begins  to  fall.  It  follows  that 
all  the  cross-sections  of  a  falling  river  diminish  rapidly  in  area  and 
return  gradually  to  the  usual  low-water  cross-section.  These  being  the 
facts  on  every  flood,  how  is  it  possible  for  any  sane  man  to  get  up  a 
rating  curve  which  has  any  practical  value  whatever?  This  is  par- 
ticularly true  in  the  case  of  a  gauging  station  on  the  main  river  just 
above  a  large  tributary  stream. 

When  the  tributary  stream  is  in  high  flood,  the  water  in  the  main 
river  is  not  only  high,  but  the  current  is  often  running  up  stream, 
which  potent  fact  alone  destroys  completely  the  value  of  the  rating 
curve. 

The  author's  proposed  plan  of  building  a  wide  rock  fill  dam,  with- 
out any  concrete  cross-walls  whatever,  seems  to  be  plausible,  in  view 
of  the  valuable  experience  in  closing  the  big  breaks  in  the  Colorado 
River  banks  leading  down  to  the  Salton  Sea. 

These  rock  fill  dams  have  now  stood  the  ravages  of  severe  floods  for 
the  past  6  or  7  years,  and  are  still  intact  and  water-tight,  to  all  practical 
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purposes.  The  main  object  of  the  concrete  cross-walls  in  the  Indian  Mr. 
•  lams  is  to  shut  off  leakage  through  the  broken  stone  fill  and  hold  ^^  ^'""**'- 
the  stones  together.  As  the  low-water  flow  of  the  Colorado  River  is 
small  (6  000  cu.  ft.  per  sec.),  it  becomes  very  important  to  hold 
all  the  water  possible.  If  a  successful,  wide,  water-tight  dam  can  be 
made,  as  described,  without  them,  all  well  and  good.  The  writer  is 
of  the  opinion  that  it  is  well  worth  trying,  from  a  financial  point  of 
view,  particularly  at  such  a  site  as  tlie  Laguna  Weir,  where  the  slope 
per  mile  is  only  1.2  ft. 

In  India,  the  anicuts  are  genci'ally  built  where  the  slope  per  mile 
is  3.5  ft.  and  the  river  bed  is  pure  sand  of  unlimited  depth. 

Morris  Knowles,  M.  Au.  Soc.  C.  E.  (by  letter). — This  excellent  Mr. 
and  exhaustive  paper  is  a  most  fascinating  story  of  the  ever-changing  '^°o"''®^- 
Colorado.  The  reader  can  almost  picture  himself  on  its  banks,  witness- 
ing the  frequent  breaks,  overlooking  the  vast  overflows,  and  taking  part 
in  the  repeated  attempts  at  closure.  The  Engineering  Profession  can 
indeed  feel  gratified  that  it  has  members  who  will  patiently  chronicle 
events,  analyze  situations,  and  faithfully  tell  of  failures. 

Much  is  related  of  irrigation  needs,  local  causes  and  effects  of  floods, 
notable  works  built  and  projected  for  the  former,  the  great  emergency 
construction  to  overcome  the  latter,  and  studies  and  plans  for  future 
protection  and  control.  Little  has  been  said,  however,  of  the  possibili- 
ties of  prevention,  of  great  works  that  might  be  built  to  hold  back 
the  flood  flows  and  let  out  at  other  times  the  increased  quantities  that 
would  ma.ke  for  greater  irrigation  possibilities,  increased  navigation 
stages,  if  otherwise  possible,  more  water  for  power,  etc. 

Within  a  short  time,  and  brought  to  a  focus  by  the  work  of  the 
Pittsburgh  Flood  Commission,  the  country  has  realized  that  we  can 
no  longer  be  indifferent  to  the  vast  and  universal  country-wide  problems 
of  regulating  the  flow  of  our  streams.  Without  going  into  details 
of  the  many  correlated  benefits  to  be  obtained  from  storage  of  flood 
flows,  the  devastations  of  the  Ohio,  Missouri,  and  Mississippi  Valleys, 
those  of  the  Southern  Appalachian  regions,  as  well  as  those  of  the 
Pacific  Coast  and  great  Colorado,  so  vividly  portrayed  in  this  paper, 
have  awakened  people,  all  over  this  land,  to  the  fact  that  here  is 
an  important  problem  to  solve,  in  which  the  factors  have  some  relation, 
wherever  we  go,  and  from  the  solving  of  which,  much  other  good 
will  come. 

That  this  is  also  true  of  the  Colorado  Basin  is  evident  from  the 
author's  remarks  on  pages  1352  and  1353*  and  from  Table  2.  It  would 
be  of  still  further  interest,  therefore,  to  know  w'hether  the  storage,  of 
approximately  10  000  000  acre-ft.  exhausts  the  possibilities  on  the 
Upper  Colorado,  and  what  effect  such  impounding  at  several  selected 

*  I'roceerlinfjs.  .\ni.  Soc.  C.  E.,  for  November,  lOliJ. 
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Jir.      points  would  have  in  decreasing  the  flood  discharge  and  increasing  the 

"  low-water  flow.     It  is  possible  that  it  would  not  apparently  diminish 

the  interest  and  intensity  of  the  problem  of  protection  below  Yuma, 

on  account  of  the  peculiar  local  characteristics,  yet  it  is  probable  that 

the  cost  of  such  works  would  be  less  and  safe  results  more  certain. 

If  data  are  available  to  show  the  effects  of  such  storage  of  flood 
peaks,  as  is  illustrated  by  the  Pittsburgh  report,  it  is  hoped  that  the 
author  will  present  them  in  his  closure.  If  not  now  obtained,  per- 
haps this  discussion  may  call  attention  to  the  need,  and  emphasize 
the  fact  that  here  is  another  place  and  a  further  reason  for  the  Nation, 
by  its  Central  Government,  to  take  hold  of  its  water  problems  as  a 
great  national  question,  and  to  study,  plan,  and  treat  each  group 
of  streams  as  a  unit  from  source  to  mouth. 
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Discussion.* 


By  Messrs.  W.  G.  Price,  E.  E.  Haskell, 
Charles  II.  Miller,  and  John  C.  Hoyt. 


W.  G.  Prick,  M.  Am.  Soc.  C.  E.  (by  letter)- — This  paper  gives  the    ji,-. 
results  obtained  from  a  very  large  number  of  observations,  and  should    "'^*^- 
be  of  much  value.     Before  accepting  these  results  as  perfectly  reliable, 
the  writer  would  be  pleased  to  know  if  the  meters,  in  both  the  rating 
and  stream  tests,  were  suspended  in  precisely  the  same  way   and  by 
supports  of  the  same  size? 

Were  weights  used  in  both  cases;  and  were  they  always  the  same 
distance  from  the  wheel? 

Was  the  skiff  so  far  from  the  wheel  that  it  did  not  push  the  water 
ahead  of  itself  a  trifle  and  thus  reduce  the  rate  of  revolution  of  the 
wheel?  In  some  cases,  a  steamer  ascending  the  Upper  Mississippi  will 
check  slightly  the  flow  of  the  water  some  hundreds  of  feet  ahead  of 
itself. 

The  writer  has  had  an  extensive  experience  with  current  meters 
during  a  period  of  seventeen  years,  beginning  with  1S79,  during  which 
time  he  measured  the  flow  in  the  Mississippi,  Missouri,  and  Ohio 
Rivers,  and  their  large  and  small  tributaries,  many  times,  and  in 
many  places.  The  following  propositions  are  the  result  of  his 
experience :  

*  This  discussion  (of  ihe  paper  by  B.  F.  Groat.  Assoc  M.  Am.  Soc.  C.  E..  published  in 
December  H113.  ProcfeduK/s.  and  presented  at  the  meeting  of  February  .5th,  1913),  is  pnnted 
in  Froceediiifjs  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 
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viL  '^'^'^'  t^^^"*^"'**-^  of  a  pi'i'turbeJ  current,  of  course,  is  longer  than  that 

of  a  steady  current.  A  meter  of  the  cup  type,  without  a  vane,  measures 
the  thread  of  the  horizontal  current  perturbations,  but  when  provided 
with  a  vane,  it  measures  a  trifle  more  than  the  thread  of  the  horizontal 
perturbed  current.  This  is  due  to  the  effect  on  the  vane  of  the  per- 
turbed current  which  swings  the  wheel  transversely  to  the  current.  If  a 
cui)  meter  with  no  vane  is  fixed  on  a  vertical  rod,  the  current  perturba- 
tions moving  up  and  down  in  the  vertical  i)lane  will  decrease  the  revolu- 
tions of  the  wheel  and  thus  offset  the  increase  due  to  the  horizontal 
perturbations.  This  action  is  due  to  the  fact  that  the  top  and  bottom 
faces  of  the  meter  wheel  present  a  propeller-shaped  surface  to  the 
water,  and  when  vertical  currents  strike  the  wheel  they  tend  to  turn 
it  in  the  opposite  direction  from  that  produced  by  the  water  flowing 
against  the  cups.  For  this  reason  the  vane  should  not  be  used  in 
streams  shallow  enough  to  permit  of  it  being  omitted,  if  there  are 
perturbed  currents.  Larger  streams,  when  the  gauging  station  is 
carefully  selected,  are  not  perturbed  to  such  an  extent  as  to  cause  a 
serious  error  in  meter  measurements. 

A  meter  of  the  propeller  ty])e  will  measure  less  than  the  thread  of 
the  perturbed  current,  because  of  the  inability  of  the  vane  to  keep  the 
face  of  the  wheel  at  all  times  precisely  normal  to  the  current.  A 
current  striking  a  propeller  wheel  sidewise  does  not  increase  its  revolu- 
tions, as  is  the  case  with  the  cup  meter.  Each  type  of  meter,  in 
clear,  straight,  running  water,  will  give  the  same  accurate  results, 
jn-ovided  it  has  been  accurately  rated  and  is  supported  in  the  stream 
in  precisely  the  same  way  as  when  rated,  or  by  a  method  which  does 
not  produce  an  increase  or  decrease  of  current  at  the  meter  wheel. 

When  a  weight  is  attached  to  the  supporting  rod  under  the  meter, 
it  reduces  the  discharge  area  and  increases  the  velocity  of  the  water 
in  its  vicinity,  and  thus  increases  the  rate  of  revolution  of  the  meter 
wheel.  If  the  weight  is  placed  6  in.  below  the  meter,,  the  wheel,  in 
each  type,  will  run  much  faster  than  when  the  weight  is  12  in.  below 
the  meter.  A  difference  in  the  location  of  the  weight,  or  the  use  of 
the  weight  in  one  case  and  not  in  the  other,  will  produce  all  the  dif- 
ference, noted  by  the  author  for  the  Price  meter,  between  ratings  and 
stream  measurements. 

The  propeller  type  of  meter  is  often  made  to  run  more  slowly 
between  rating  and  stream  measurements  by  a  slight  quantity  of  grit 
blowing  into  the  bearings,  or  being  carried  in  by  the  water.  This 
type  of  meter  is  often  made  to  run  slow  by  a  particle  of  dea.d  grass  or 
leaf  (found  moving  in  most  streams)  catching  on  the  propeller. 
The  propeller  type  of  meter  does  not  free  itself  from  such  debris,  as 
does  the  cup  meter. 
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\\'licn  meters  are  rated  in  still  water,  it  is  necessary  to  wait  10  min.    Mr. 

Price. 

Ill-  iiKMc  after  each  passage  of  the  meter  for  the  water  to  become  still 
ii^iiiu.  If  the  wind  is  blowing-  against  the  surface  of  the  water,  variable 
and  sometimes  rotaiy  currents  will  be  produced,  which  will  make  the 
rating  inaccurate.  The  surface  currents  will  run  in  one  direction  and 
the  under  current  in  the  opposite  direction.  For  this  reason,  the  meter 
sliould  bo  rated  at  a  depth  of  more  tlian  2h  ft.,  and  in  water  more  than 
5  ft.  deep. 

A  rating  taken  in  running  water  is  likely  to  be  the  most  ac- 
curate, because  the  running  water  carries  away  the  disturbing  cur- 
rents produced  by  the  movement  of  the  meter. 

When  a  cup  meter  is  accurately  rated  in  still  water  and  in  ordinarily 
steady  running  water,  the  two  ratings  will  be  the  same  within  a  small 
fraction  of  1%,  and  the  rating  curve  can  be  drawn  through  all  the 
idotted  points  obtained  by  the  rating,  so  that  no  point  will  vary  in 
revolutions  as  much  as  1%  from  the  curve. 

The  writer  has  used  a  Morse  paper  tape  register  and  electric 
device  to  start  and  stop  the  register,  or  mark  the  paper  tape,  at  the 
instant  of  passing  the  cross-wires  suspended  over  the  200-ft.  base,  so 
that  the  fractions  of  revolutions  of  the  cup  meter  wheel  were  deter- 
mined at  the  beginning  and  end  of  the  run;  and  such  a  rating  in  still 
water,  with  almost  no  wind,  located  all  the  plotted  points  within  a 
very  small  fraction  of  1%  of  the  number  of  revolutions  from  the  rating 
curve  as  drawn. 

The  ratings  of  both  the  Haskell  and  Price  meters  given  on  Plates 
CXXXIV  and  CXXXVI*  are  inaccurate,  as  the  plotted  points  in- 
dicating the  number  of  revolutions  vary  entirely  too  much.  The  errors 
in  the  Price  ratings  are  ai)parently  much  greater  than  in  the  Haskell 
ratings. 

Mr.  Groat  has  conducted  a  series  of  observations  in  one  tail-race 
where  the  currents  were  quite  divergent,  and  the  writer  submits  that 
the  result  of  his  experiment,  treating  as  it  does  of  one  special  condi- 
tion, cannot  be  taken,  either  directly  or  by  inference,  to  apply  to 
general  conditions  of  measurement  of  the  flow  of  streams. 

Under  such  peculiar  conditions,  where  there  are  cross-currents,  as 
in  the  Massena  experiment,  it  is  possible  that  the  propeller  type,  owing 
to  its  peculiar  construction,  is  less  affected  by  such  currents  than  the 
cup  type;  but  if  the  propeller  type  were  better  for  the  measurement 
of  streams  where  accurate  measurements  are  impossible,  owing  to 
cross-currents,  this  fact  would  not  indicate  that  such  meters  are  better 
for  general  use. 

A  perfect  still-water  rating,  of  course,  is  what  is  required  when  the 
instrument   is   to   be   used   in   the  measurement   of   straight,   flowing 
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streams.  The  usual  rating  in  running  water  is  made  only  to  secure 
the  same  result  as  would  be  obtained  by  a  perfect  still-water  rating. 
The  small  variations  of  the  current  from  a  straight  line,  as  seen  at 
the  gauging  section  in  most  streams,  makes  only  a  negligible  error  in 
meter  measurements. 

A  meter  measures  approximately  the  length  of  the  curved  thread 
of  the  current;  therefore,  if  the  thread  is  very  divergent,  inaccurate 
results  will  be  obtained  with  any  meter. 

A  gauging  section  having  a  perturbed  current  which  would  cause 
an  error  of  6%  would  give  evidence  to  the  eye  by  the  boiling  of  the 
water,  and  would  make  the  experienced  observer  hunt  for  a  better 
section.     However,  better  sections  cannot  possibly  always  be  found. 

A  gauging  section  which  has  an  up-stream  current  should  never 
be  used,  and  one  which  has  very  divergent  currents  cannot  give  accurate 
results  with  any  method  of  measurement. 

The  first  meter  used  by  the  writer  had  a  cup  wheel  which  revolved 
in  a  horizontal  plane.  It  was  designed  by  Gen.  Ellis,  and  had  been  used 
by  him  in  the  Connecticut  River.  This  meter  did  good  work  in  water 
which  was  absolutely  free  from  grit.  Floating  organic  matter,  such 
as  leaves  and  grass,  did  not  often  affect  it,  as  the  turning  of  the  wheel 
caused  such  debris  to  free  itself.  When  the  attempt  was  made  to  use  it 
in  the  muddy  water  of  the  rising  Ohio  in  1882,  it  gave  very  inaccurate 
results,  owing  to  grit  getting  into  the  bearings,  which  made  its  rate 
variable.  The  writer  was  then  furnished  with  two  very  finely  con- 
structed meters,  designed  by  Clemens  Herschel,  M.  Am.  Soe.  C.  E., 
and  made  by  Buff  and  Berger  especially  for  this  work.  Each  was  of 
the  propeller  type,  with  horizontal  shaft,  having  agate  bearings,  and 
each  was  provided  with  a  vane  to  hold  the  meter  in  line  with  the  cur- 
rent in  both  the  vertical  and  horizontal  planes.  They  were  as  perfect 
instruments  of  the  propeller  type  as  the  writer  has  seen. 

These  meters  were  tested  by  rating  them  in  clear  water,  and  gave 
good  results.  They  were  then  rated  in  a  bayou  of  roily  water,  an 
overflow  from  the  Ohio,  and  the  results  were  very  inaccurate,  owing 
to  grit  getting  into  the  bearings,  and  leaves  and  other  debris  catching 
on  the  wheel  and  continuing  to  revolve  with  it.  They  were  tested  in 
the  turbid  Ohio  River  with  no  better  results. 

It  was  absolutely  necessary  to  have  a  meter  which  would  do  ac- 
curate work,  if  the  great  Ohio  flood  of  1882,  which  was  then  on  its 
way,  was  to  be  accurately  measured.  In  designing  and  constructing 
what  is  called  the  Price  meter,  on  this  occasion,  the  cup  type  of  wheel 
was  adopted,  for  three  reasons:  The  friction  of  the  bearings  is  so 
small  that  this  wheel  can  measure  sufficiently  low  velocities,  which  is 
not  the  case  with  the  propeller  type;  the  revolving  wheel  will  clear 
itself  of  debris;  and,  by  using  a  vertical  shaft,  with  inverted  cup  bear- 
ings filled  with  air  and  oil  which  will  stay  in  by  capillary  attraction, 
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110  water  witli  its  load  of  grit  can  enter.     The  friction  of  the  bearings    Mr. 
thus   becomes    a   constant   quantity.      The   well-known   and   successful    "*^®" 
operation   of  these  meters   is   due   to  these  three  features,   which   the 
writer   believes   cannot   be   secured   by    any    other   design. 

The  propeller  typ(>  of  meter,  designed  by  Mr.  Hersehel,  was  in 
service  before  the  Price  meter,  but  has  had  quite  a  limited  use,  while 
several  thousand  Price  meters  have  gone  into  service.  This  test  of 
time,  under  all  kinds  of  conditions,  indicates  that  the  cup  meter  is  the 
most  efficient  for  general  purposes. 

The  writer  believes  that  with  an  accurately  rated  cup  meter  of  the 
tyite  having  no  vane — which  is  much  the  better  design  for  shallow, 
perturbed  stream? — more  accurate  results  could  have  been  secured  at 
^fassena. 

E.  E.  Haskell,  M.  Am.  Soc.  C.  E.   (by  letter).— The  writer  has     m>. 
been  greatly  interested  in  the  results  set  forth  in  Mr.  Groat's  paper.  Haskeii. 
for  he  has  never  had  occasion  to  use  current  meters  under  just  such 
conditions. 

The  current  meter  was  designed  originally  to  measure  velocities  in 
open  channels.  It  has  developed  into  two  distinct  types:  those  having 
screw  wheels  and  those  having  cup  wheels.  The  first  current  meter, 
"Woltman's  Mill",  more  than  100  years  old,  was  of  the  screw  wheel 
type.  This  meter  has  undergone  various  changes  in  form  and  in  the 
mounting  of  its  wheel,  and,  on  the  whole,  has  proved  to  be  very  accu- 
rate and  reliable.  The  origin  of  the  cup  wheel  meter  is  not  as  definite. 
It  has  undergone  various  changes,  and  the  cups  have  been  of  various 
forms,  namely,  cones,  hemispheres,  and  combinations  of  cones  and 
hemispheres.  Although  a  great  deal  of  good  work  has  been  done  with 
meters  of  this  type,  they  ha\'€  not  shown  themselves  to  be  anywhere 
near  as  reliable  as  those  of  the  screw  wheel  type.  In  the  writer's  judg- 
ment, this  is  due  to  the  fact  that  they  do  not  always  present  the  same 
area  and  form  of  wheel  to  the  current  pressure.  The  tilting  of  the 
meter,  even  through  small  angles,  changes  these,  and  consequently 
changes  the  rating  curve  or  equation.  In  current  meters  of  the  screw 
wheel  type,  such  tilting  through  small  angles  makes  but  a  slight  change 
in  the  area  and  form  of  wheel  presented  to  the  current  pressure,  and, 
accordingly,  they  follow  much  more  closely  their  rating  curve  or 
equation. 

In  the  last  paragraph  on  page  1678,*  the  author  states,  as  follows: 

"A  conclusion  to  be  drawn  from  these  experiences  is  that  a  tail,  or 
rudder,  is  a  useless  appendage  to  a  meter  used  in  stream  gauging." 

The  writer's  experience  will  not  allow  him  to  accept  this  conclusion. 
In  a  large  river,  the  difficulty  of  holding  the  axis  of  the  meter  per- 
pendicular to  the  cross-section  becomes  so  great  that  it  is  out  of  the 

*  Frnceedinfis.  \m.  Soc.  C  E..  for  December.  19ia. 
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Mr.  question.  In  large  streams  it  is  necessary  to  measure  both  factors, 
■  velocity  and  direction,  and  reduce  to  obtain  the  velocity  normal  to  the 
cross-section.  In  small  streams  or  tail-races  it  is  possible  to  hold  the 
meter  rigidly  in  place;  but,  when  thus  held,  if  the  direction  of  the 
current  makes  an  angle  with  the  horizontal,  that  is,  strikes  the  wheel 
of  the  cup  meter  either  on  the  top  or  bottom  of  the  cups,  it  will  over- 
register  as  readily  as  if  running  in  "eddies"  or  "boils".  The  amount 
of  this  over-registration  depends  on  the  angle  which  the  direction  of  the 
current  makes  with  the  horizontal,  and  can  only  be  determined  by 
some  check  method. 

It  is  not  at  all  clear  to  the  writer  why  a  still-water  rating  of  a 
current  meter  should  not  give  an  entirely  satisfactory  result.  In  all 
cases  where  the  elements  of  the  current  in  the  open  channel  are  reason- 
ably parallel,  the  meter  is  working  under  almost  the  same  conditions 
as  when  drawn  through  still  water.  In  one  case  the  meter  is  free  and 
the  water  moving,  and  in  the  other  the  meter  is  free  and  moving,  and 
the  water  still. 

The  following  test  of  a  direction  current  meter  was  made  after  it 
had  been  rated  in  still  water.  It  was  made  in  a  large  tidal  channel, 
free  from  "eddies"  or  "boils",  where  the  elements  of  the  current  were 
jjarallel.  Each  comparison  was  made  by  running  the  meter  for  10  min., 
and  in  this  time  running  ten  large  cylindrical  can-floats,  alternating 
on  each  side  of  the  meter.  The  determined  velocities  are  in  feet  per 
second,  as  follows : 

Float 1.04     1.29     1.55     1.94     2.56     2.65     2.76     2.80    3.08 

Meter.  ...  1.05     1.28     1.55     1.96     2.59     2.64     2.74     2.82     3.11 

The  greatest  uncertainty  in  the  results  obtained  with  cup  wheel 
meters  is  caused  by  using  such  meters  from  an  unstable  support,  like 
a  boat,  particularly  if  the  weather  conditions  are  such  as  to  give  the 
boat  any  rocking  or  pitching  motion. 

The  author  is  deserving  of  much  credit  for  his  work  and  his  paper. 
Well  planned  and  well  executed  work  cannot  help  but  make  for 
engineering  progress. 

Mr.  Charles  H.  Miller,  M.  Am.  Soc.  C.  E.  (by  letter). — Although  the 

writer  has  made  scarcely  any  current  meter  observations  during  the 
past  twelve  years,  and  hence  has  not  kept  up  fully  with  the  progress 
in  such  work,  he  is  much  pleased  at  the  opportunity  to  read  such  a 
clear  presentation  of  a  series  of  observations,  evidently  made  with 
much  painstaking  care ;  and  is  gratified  to  note  such  a  complete  verifica- 
tion, stated,,  however,  in  a  much  clearer  manner,  of  a  positive  diiference 
between  a  cup  meter  and  a  screw  meter  when  running  in  perturbed 
water;  which  difference  the  writer  noted  just  a  short  time  before  leav- 
ing the  Government  service,  and  has  never  had  opportunity  to  in- 
vestigate further. 


Miller 
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Altliougli  tlu'  (lirt'cniice  wiis  tlion  citccl  us  hciii^r  tlue  to  insta-  Mr. 
bility  of  support,  in  Dtlior  words,  the  rocking  ol"  tlie  skiflf,  this  rock- 
ing was  done  for  the  iiuri^ose,  not  only  of  causing  conditions  actually 
to  be  found  in  the  river  on  account  of  "boils"  and  "eddies",  but  to 
show  the  effects  that  might  be  expected  should  the  skiff  or  support  be 
moved  otherwise  than  in  a  straight  and  even  course,  while  taking  a 
rating  in  still  water.  That  the  writer  was  familiar  with  this  source 
of  error  a  number  of  years  ago  may  be  noted  by  referring  to  a  letter* 
written  by  him,  in  which,  in  speaking  about  the  rating  of  meters  in 
skiffs,  it  is  stated  that  "a  rating  should  never  be  taken  in  a  skiff 
which  is  being  pulled  with  the  oars,"  and  that  "the  observers  should  be 
cautioned  about  keeping  the  same  positions  and  not  swinging  their 
bodies  from  one  side  to  the  other  while  the  observation  is  being  made." 
This  same  passage  was  noted  by  the  late  William  Starling,  M.  Am. 
Soc.  C.  E.,  and  referred  to  in  his  paper  entitled  "The  Discharge  of 
the  Mississippi  River."t 

Mr.  Starling's  paper  treats  in  geneial  of  the  many  difficulties  at- 
tending the  taking  of  discharge  observations  on  the  Lower  Mississippi 
River,  and  explains  the  reasons  for  some  of  the  apparently  discrepant 
results  published  in  those  days,  he  having  had  access,  at  the  time,  to 
the  large  mass  of  data  gathered  by  the  writer  and  others  then  engaged 
in  Avrestling  with  the  problem  of  determining  the  extent  of,  or  in 
eliminating,  errors.  It  must  be  remembered  that  the  possibility  of 
error  is  very  great  when  measuring  the  discharge  of  a  river  in  which 
a  favorable  cross-section  has  a  width  of  approximately  h  mile,  with  a 
maximum  depth  of  105  ft.  at  times,  where  velocities  of  9  ft.  per  sec. 
or  greater  are  found,  and  a  total  discharge  of  1  750  000  cu.  ft.  per  sec. 
may  be  obtained.  Under  such  conditions,  it  is  impossible  to  anchor 
the  boat  or  equipment,  and  it  must  be  held  on  one  spot,  as  nearly  as 
possible,  by  means  of  the  rudder  and  the  propelling  power,  counter- 
balancing the  current  and  wind  forces.  Careful  observations  were 
made  to  determine  how  much  movement  actually  took  place.  In  fact, 
a  large  portion  of  the  time  in  the  field  was  devoted  to  checking  the 
accuracy  of  the  observations.  It  may  be  noted  that  the  meters  then 
used  were  of  the  cup  variety.  Some  checks,  however,  were  made  by 
a  system  of  double  floats. 

As  noting  some  of  the  improvements  that  were  being  made  from 
time  to  time,  attention  is  called  to  the  fact  that,  at  a  time  as  recent 
as  1891,  the  meter  rating  was  considered  as  following  a  straight  line, 
and  the  proper  straight-line  ((luation  was  calculated  by  the  method 
of  least  squares,  often,  however,  not  until  some  time  after  the  field 
observations  had  been  made.  About  the  date  just  mentioned  it  be- 
came customarj'  to  plot  the  rating  observations  and  draw  the  curve 

*  Engineering  yens.  January  24th,  1895,  p.  .58. 

+  Tranmctions.  .\m.  Soc.  C.  E.,  Vol.  XXXIV,  p.  847. 
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^\v.  conforming  as  nearly  as  possible  thereto,  from  which  a  rating  table 
■  was  taken  directly.  Other  tables  were  made  to  cover  all  necessary 
computations  in  the  discharge  work,  and  each  station  observation 
wa.s  calculated  while  the  boat  or  steamer  was  moving  to  the  next  sta- 
tion, so  that  the  total  discharge  was  known  a  few  minutes  after  the 
last  velocity  observation  had  been  made.  For  instance,  during  the 
morning  of  May  4th,  1892,  at  Arkansas  City,  Ark.,  the  discharge  was 
computed  at  1  733  676  sec-ft.  as  compared  with  1  532  875  sec-ft.  for  the 
day  before.  Another  observation,  made  during  the  afternoon,  gave 
1 741  526  sec-ft.,  showing  that  some  marked  change  had  taken  place 
during  that  time.  On  the  following  day  it  had  dropped  back  to 
1  589  172  sec-ft.,  or  to  about  the  general  average  at  that  time.  Under 
the  old  methods,  the  observations  were  not  computed  until  some  time, 
often  weeks,  after  the  field  observations  had  been  made. 

As  illustrating  the  fact  that  every  method  that  could  be  thought 
of  at  the  time  was  used  to  eliminate  errors,  it  will  suffice  to  say  that, 
in  the  case  of  a  la.rge  and  persistent  difference  in  the  discharge,  as 
found  at  two  stations  90  miles  apart,  new  meters  were  purchased, 
later  they  were  interchanged,  frequent  ratings  were  made,  and  finally 
the  observers  exchanged  places  with  each  other;  all  tiiis  was  done  with- 
out finding  a  satisfactory  reason  for  the  difference.  This  was  in  1892. 
During  the  high  water  of  1893  these  same  stations  were  again  occupied, 
and  further  efforts  were  put  forth  to  get  accurate  results.  Mr.  Starling, 
in  the  paper  previously  cited,  has  this  to  say  regarding  this  work : 

"In  1893,  the  discharges  at  Arkansas  City  and  Wilson's  Point 
ag-ree  fairly  well;  and  when  checked  by  the  results  of  the  flanking 
observations,  they  present  a  very  coherent  mass  of  data,  affording  the 
most  trustworthy  measurement  of  the  extreme  high-water  discharge 
ever  obtained  on  the  Mississippi." 

Too  much  stress  cannot  be  placed  on  the  fact  that  it  is  just  as 
important  to  avoid  errors  in  rating  meters  as  in  taking  the  actual  dis- 
charge observations;  and  the  writer  is  strongly  of  the  opinion,  based 
on  long  experience  in  the  field,  that  by  far  the  larger  part  of  the  error 
is  due  to  the  fact  that  ratings  are  usually  made  under  physical  condi- 
tions which  are  widely  variant  from  those  under  which  the  discharge 
observations  are  made.  For  instance,  if  the  observations  are  to  be  made 
from  a  steamer,  then  the  ratings  should  be  made  from  the  same  or  a 
similar  steamer,  and  in  dead  water,  if  possible,  although  they  can  be 
made  accurately  in  moving  water,  ])rovided  the  movement  is  smooth, 
generally  uniform,  and  slow  enough  to  permit  the  taking  of  slow 
velocities  in  the  down-stream  direction.  Care  must  be  exercised  in 
keeping  the  meter  below  the  influence  of  the  "drag"  occasioned  by  the 
steamer  hull  moving  through  the  water. 

Necessarily,  the  official  reports,  on  account  of  limited  space,  as  a 
rule,  can  contain  but  a  brief  explanation  of  methods  and  results;  and, 
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nnturnlly.  these  reports  iiu-linc  toward  the  better  showings,  failing  in     Mr. 
generiil  to  recognize  the  fact  that  the  pul)lication  of  actual  failures  will  '^'"*^''- 
often  hasten  the  time  of  the  final  solution  of  the  problem. 

It  may  be  of  interest  to  know  that  the  first  forms  of  meters  were 
of  the  wind-mill,  screw,  or  propeller  type;  that  is,  the  vanes  turned, 
in  a  plane  which  was  perpendicular  to  the  direction  of  the  current. 
I'hese  were  used  on  South  American  rivers  in  1871. 

To  eliminate  the  tail  or  rudder  appears  to  be  a  move  in  the  right 
direction,  but  a  vertical  rod  could  hardly  be  used  with  success  in  gaug- 
ing a  stream  as  large  as  the  ^lississippi,  and  it  would  no  doubt  be 
possible  to  work  out  a  design  which  could  be  mounted  concentrically 
on  the  cable  which  is  now  used  to  lower  the  meter,  with  its  attendant 
lead  weight,  to  depths  of  60  ft.  or  more,  affixing  the  tail  or  rudder  to 
the  lead  weight,  and  placing  the  latter  so  far  below  the  meter  that  it 
would  not  infiuenee  its  running. 

JoMX    C.    HoYT,    ]\r.    A.M.    Soc.    C.   E.— Although   more   than   fifty    Mr. 
devices  for  measuring  the  velocity  of  water  have  been  patented,  the 
only  meters  which  have  had  general  use  are  the  Price,  Haskell,  Fteley, 
and  Ellis,  or  modifications  of  these. 

Each  of  the  various  meters  has  first  been  devised  to  meet  the  re- 
quirement of  some  special  condition,  and  may  or  may  not  be  applica- 
ble to  other  conditions.  Therefore,  a  current  meter  should  never  be 
used  for  other  conditions  than  those  for  which  it  is  designed  or  has 
been  found  to  be  applicable. 

In  1888  the  United  States  Geological  Survey  began  gauging  streams 
of  all  sizes  and  in  all  sections  of  the  country.  These  streams  pre- 
sented an  infinite  variety  of  combinations  of  range  in  depth,  width,  and 
velocity,  were  often  remote  from  railroad  or  other  regular  transporta- 
tion facilities,  and  were  consequently  difficult  and  expensive  to  gauge. 
Xo  adequate  instruments  or  methods  had  been  developed  for  work  of 
this  varied  nature.  Furthermore,  elaborate  equipment  and  methods 
were  out  of  the  question  on  account  of  the  limited  funds.  It  was  neces- 
sary to  devise  or  adapt  a  current  meter  which  could  be  readily  carried 
in  the  field  and  operated  by  one  man,  either  from  a  bridge,  boat,  cable 
and  car,  or  by  wading. 

To  fulfill  these  requirements  it  was  essential:  (a)  that  the  meter 
should  be  simple  and  light  in  construction,  with  no  delicate  parts 
which  easily  get  out  of  order;  (6)  that  it  should  be  simple  in  opera- 
tion, including  its  preparation  for  use  under  a.ny  conditions,  and  its 
dismantling,  cleaning,  and  boxing  after  use;  (c)  that  it  should  offer 
a  small  area  of  resistance  to  the  action  of  the  water;  (d)  that  it  should 
have  a  simple  and  effective  device  for  indicating  the  number  of  revolu- 
tions of  the  wheel;  and  (e)  that  it  should  be  adaptable  for  use  under  all 
conditions. 

After  experimenting  with  various  types,  the  engineers  of  the  Survey 
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Mr.  developed  a  meter  combining  certain  essential  features  of  the  Price 
'^^  '  acoustic  and  the  large  Price  electric  meter.  This  is  known  as  the 
small  Price  electric  meter,  and  is  now  in  general  use  in  the  Survey 
work.  Modifications  in  its  construction  have  been  made  from  time  to 
time,  until  now  it  represents  the  ideas  of  many  engineers  based  on 
results  of  more  than  twenty  years  of  experience  in  stream  gauging. 

The  limitation  of  the  Price  meter  pointed  out  in  this  paper,  namely, 
that  it  may  be  affected  by  cross-currents,  has  always  been  recognised 
by  its  designers  and  users.  Therefore,  special  care  has  been  taken  to 
restrict  its  use  to  work  where  the  conditions  are  such  that  errors  from 
this  cause  will  not  affect  the  final  estimates  of  discharge.  These 
requisite  conditions  are:  («)  a  fairly  smooth  bed;  (&)  a  measurable 
and  steady  velocity  of  current;  and  (c)  a  stationary  stage  during  the 
measurement.  The  velocity  of  the  current  should  vary  gradually 
throughout  the  section,  which  should  show  no  marked  eddies,  cross- 
currents, or  boils,  and  its  mean  should  not  be  less  than  0.5  ft.  per  sec. 
at  low  stages.  After  visiting  hundreds  of  gauging  stations,  on  streams 
of  varied  character,  in  all  sections  of  the  United  States,  the  speaker 
is  convinced  that  only  the  exceptional  station  is  not  or  cannot  be 
located  in  accordance  with  these  requirements.  This  statement  is  made 
in  order  to  correct  any  impression  which  may  be  drawn  from  Mr. 
Groat's  paper,  that  the  Geological  Survey  records,  based  on  measure- 
ments with  the  small  Price  meter,  generally  involve  large  errors. 
More  than  two  hundred  engineers  have  been  engaged  in  the  stream 
gauging  work  of  the  Survey  for  various  periods  during  the  last  twenty 
years,  and,  as  fa.r  as  known,  no  valid  criticism  of  the  methods  used 
has  ever  been  made  which  Avas  not  fully  appreciated  by  the  Survey 
engineers;  and  they  have  made  combined  effort  to  correct,  as  far  as 
possible,  each  defect  in  the  work  as  soon  as  it  is  discovered.  The 
instruments  and  methods  have  been  subject  to  continual  change,  and 
old  have  been  supplanted  by  new  whenever  the  new  have  been  proved 
the  better.  Constructive  criticism  of  the  work  is,  and  has  always  been, 
welcomely  received  and  acted  upon,  and  this  opportunity  is  taken  to  ap- 
peal to  engineers  who  are  interested  in  the  use  of  stream  flow  records 
for  more  constructive  criticism  and  for  co-operation  in  raising  this 
branch  of  hydraulics  to  the  high  plane  for  which  all  who  are  engaged 
in  it  are  striving. 

A  few  points  in  Mr.  Groat's  paper  may  be  referred  to  briefly : 

1. — The  paper  calls  attention  to  the  recognized  fact  that  the  dif- 
ferential meter  is  affected  by  cross-currents. 

2. — It  is  believed  by  the  speaker  that  the  methods  used  in  carry- 
ing on  the  work  from  which  the  conclusions  in  the  paper  were  drawn, 
and  the  magnitude  of  the  results  obtained,  are  both  open  to  question. 

3. — Unfortunately,  the  methods  are  described  only  in  a  general 
way,  and  various  factors  which  might  affect  the  results  materially  are 
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not   adequately   presented.      Furthermore,    sufficient   data   for   making   Mr. 
any  exhaustive  study  of  the  results  are  not  given.     Therefore,  any  de-  ^^^^' 
tailed  discussion  of  the  work  is  impossible. 

4. — The  large  Price  meter  used  in  the  work  is  of  a  type  which 
has  not  been  used  for  several  years  by  engineers  who  are  most  familiar 
with  stream  gauging.  Its  use  in  the  work  of  the  Geological  Survey 
was  abandoned  several  years  ago,  when  fifty  meters  of  this  style, 
all  practically  new,  were  condemned  and  replaced  by  the  small  Price 
meter,  which  was  found  to  give  more  satisfactoiy  results. 

T). — The  reader  is  left  in  great  doubt  and  uncertainty  in  regard 
1o  the  standards  used  in  the  comparisons.  Though  the  Haskell  meter 
used  may  not  be  seriously  aifected  by  cross-currents,  there  are  no  experi- 
mental data,  as  far  as  known  to  the  speaker,  which  show  that  this 
meter  gives  results  any  more  accurate  under  the  adverse  conditions 
stated  than  does  the  Price  meter. 

0. — -The  results  obtained  with  an  unrated  Pitot  tube  do  not  appear 
to  be  sufficiently  conclusive  for  any  final  deductions.  The  Pitot  tube 
itself  has  had  no  extended  use  in  open  channels,  its  behavior  has  not 
been  fully  investigated,  and,  in  the  limited  experiments  which  have 
been  made  with  it,  many  questions  have  come  up  which  leave  an  un- 
certainty as  to  its  action.  It  has  been  demonstrated  that  its  rating 
does  not  hold  near  the  sides  of  a  canal,  and  it  has  also  been  shown 
that  it  will  not  measure  the  true  velocity  when  the  opening  is  not  in 
line  with  the  current. 

7. — The  paper  points  out  a  well-known  defect  in  the  Price  meter, 
but  gives  no  remedy,  and  offers  no  substitute  which  can  be  used  under 
a  wide  variety  of  conditions. 

8. — The  assumption  that  the  diiferences  shown  by  the  so-called 
still-water  ratings  of  the  meters  apply  when  the  meters  were  used  in 
the  canal  is  questionable.  The  amount  of  difference  between  the 
Price  and  Haskell  meters,  when  rated  under  the  conditions  mentioned, 
will  depend  on  the  amount  of  disturbance  introduced  into  the  rating; 
as  the  Price  meter  will  record,  not  only  the  horizontal  motion,  but  also 
the   vertical  motion   and   the   cross-currents. 

9. — The  experience  of  the  Geological  Survey  shows  that  accurate 
ratings  of  the  current  meter  cannot  be  made  from  boats,  owing  to  the 
errors  introduced  in  connection  with  obtaining  the  various  factors  en- 
tering into  the  rating.  Changes  in  the  methods  of  rating  by  the  United 
States  Geological  Survey,  the  Bureau  of  Standards,  and  the  Rensselaer 
Polytechnic  Institute  have  changed  the  results  of  ratings  about  3 
per  cent. 

10. — The  speaker  is  unable  to  see  why  one  familiar  with  current- 
meter  work  would  have  attempted  to  use  the  Price  current  meter  under 
the  conditions  found  at  Massena.  Engineers  of  the  Geological  Survey 
have  frequently  refused  to  co-operate  in  work  where  similar  conditions 
existed. 
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Mr.  11. — The  statistical  synthesis  method,  as  understood  by  the  speaker, 
"°^*'  does  not  take  into  account  the  relative  distribution  of  velocities  and 
areas  in  various  parts  of  the  cross-section.  The  mean  velocity  in  a 
cross-section,  as  defined  by  the  Geological  Survey,  is  obtained  by 
dividing  the  discharge  by  the  area,  which  will  not  give  the  same  re- 
sults as  taking  the  mean  of  the  velocities  at  various  points  in  the  cross- 
section.  For  example,  a  certain  stream  may  have  50%  of  its  flow  in 
10%  of  its  cross-section.  Furthermore,  this  method  of  computation 
has  no  apparent  advantage  over  that  ordinarily  used,  and  has  the  dis- 
advantage of  being  much  more  complicated,  even  if  the  results  are  of 
equal  value. 

12. — The  question  of  the  distribution  of  velocity  in  the  vertical 
has  been  investigated  most  thoroughly  by  the  engineers  of  the  Geo- 
logical Survey,  who  have  found  the  mid-depth  method  to  be  the  least 
desirable.  The  mean  of  the  velocities  at  two-tenths  and  eight-tenths 
of  the  depth  gives  (without  a  coefficient)  the  velocity  in  the  vertical, 
under  all  conditions  of  natural  flow;  and,  next  in  value,  the  six-tenths 
depth  method  has  been  found  to  be  the  most  satisfactory. 

The  only  method  yet  devised  for  rating  a  current  meter  is  by  draw- 
ing it  through  still  Avater.  A  close  study  indicates  that  no  material 
error  is  introduced  in  the'  results  obtained  with  this  instrument  on  ac- 
count of  the  method  of  rating.  Large  numbers  of  comparative  measure- 
ments have  been  made  with  the  Price  current  meter,  calibrated  weirs, 
and  measuring  tanks,  all  of  which  show  that  the  meter,  when  properly 
used,  will  give  results  accurate  within  1  or  2  per  cent 

It  has  also  been  found  that  measurements  at  different  points  on 
a  stream,  where  the  conditions  of  measurement  are  entirely  different, 
give  results  which  agree  closely.  Many  measurements  have  been  made 
on  two  tributary  streams  and  then  on  the  main  stream  below,  and 
the  results  check  within  the  limits  of  accuracy  necessary  in  work  of 
this  type. 
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lo  the  Secretary  prior  to  the  final  piihlioation. 


THOMAS  CIIALKI-EY  JAMES  BAILY,  JR.,  .M.  Am.  Soc.  C.  K. 


DiKD  December  6tii,  1912. 


Thomas  Chalkley  James  Baily,  Jr.,  was  born  in  Boston,  Mass., 
on  December  20th,  1867.  His  father,  Major  Thomas  Chalkley  James 
Baily,  U.  S.  A.,  served  throngliont  the  Civil  War,  being  com- 
missioned First  Lieutenant  on  May  14th,  1861,  and  retiring  with  the 
rank  of  Major,  on  Augi;st  18th,  1865.  His  mother,  Carrie  E.  Todd, 
;i  native  of  Augusta,  Me.,  was  of  Puritan  ancestry,  and  descended 
from  the  earliest  New  England  settlers. 

After  attending  the  local  schools,  Mr.  Baily  prepared  for  college 
at  the  Newark  School,  Newark,  Del.  He  afterward  entered  Lehigh 
University,  and  was  graduated  in  the  Class  of  1890,  with  high  honors, 
and  with  the  degree  of  Civil  Engineer, 

For  two  years  after  his  graduation,  he  was  a  member  of  the  Engi- 
neer Corps  of  the  Erie  Railroad,  stationed  at  New  Castle,  Pa.,  resign- 
ing to  accept  a  position  on  the  Mississippi  River  improvement,  where 
he  was  engaged  in  examinations  and  suiweys  of  the  mouth  of  the 
Mississippi.  In  1893,  he  entered  the  Engineer  Department  of  the 
District  of  Columbia,  first  as  Draftsman  and  then  as  Assistant 
Engineer  in  the  Highway  Division.  In  1908,  he  was  appointed  Prin- 
cipal Assistant  Engineer  in  the  Sewer  Department  of  the  District 
of  Columbia;  two  years  later  he  was  made  Assistant  Engineer  in 
charge  of  Street  Extensions;  and,  in  1910,  he  was  appointed  Engineer 
of  Bridges  for  the  District  of  Columbia. 

Mr.  Baily  was  in  charge  of  the  construction  of  the  Anacostia 
River  Bridge,  and,  as  Engineer  of  Bridges,  he  designed  and  built  a 
number  of  important  structures,  among  them  the  Cedar  Street  Sub- 
way at  Takoma  Park,  D.  C,  and  the  Belmont  Street  Improvement. 
At  the  time  of  his  death,  he  had  just  completed  the  plans  and  specifica- 
tions for  the  Q  Street  Viaduct,  crossing  Rock  Creek  Valley  at 
Washington. 

He  assisted  in  the  design  and  construction  of  the  Edmonton  Ave- 
nue Bridge  at  Baltimore,  Md.,  and  collaborated  with  W.  J.  Douglas, 
M,  Am.  Soc.  C.  E.,  in  writing  the  chapters  on  Masonry  and  Timber 
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Structures  for  the  "American  Civil  Engineers'  Pocl^et  Book,"  edited  by 
Mansfield  Merriman,  M.  Am.  Soc.  C.  E. 

At  the  time  of  his  death,  Mr.  Baily  was  making  investigations  of 
tlie  Harbor  of  Progresso,  Yucatan,  for  Barclay  Parsons  and  Klapp, 
Consulting  Engineers.  He  died  .suddenly  in  the  City  of  Mexico,  on 
December  6th,  1912, 

In  1894,  he  was  married  to  Miss  Mary  Kodgers,  of  Orange,  N.  J., 
who,  with  one  daughter  and  one  son,  survives  him. 

Mr.  Baily  was  a  thorough  and  painstaking  engineer,  and  an  excep- 
lioually  devoted  student  of  his  Profession.  He  had  a  kind  and  genial 
nature,  and  was  esteemed  and  admired  by  all  who  knew  him.  He  was 
a  devoted  father,  a  faithful  friend,  and  a  good  citizen. 

Mr.  Baily  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  4th,  1905. 


CHARLES  LEWIS  HARRISON,  M.  Am.  Soc.  C.  E. 


Died  September  14th,  1912. 


Charles  Lewis  Harrison  was  born  on  his  father's  farm  at  Auxvasse, 
in  Callaway  County,  Missouri,  on  March  5th,  1857,  and  was  one  of 
a  family  of  twelve,  having  seven  sisters  and  four  brothers.  He  was 
descended  from  the  families  of  Harrison  and  Crockett,  of  Virginia,  his 
grandfather.  Major  John  Harrison,  emigrating  to  Missouri  in  1817, 
and  being  one  of  the  earliest  American  settlers  in  Callaway  County. 
His  parents  were  Thomas  Harrison  and  Catherine  (Maddox)  Harrison. 
Thomas  Harrison  was  born  in  Virginia,  and  moved  with  the  family 
to  Missouri  when  he  was  less  than  a  year  old;  he  served  as  a  volunteer 
during  the  war  with  Mexico;  tried  mining  in  Michigan  for  several 
years  in  the  Thirties;  went  to  California  in  1849,  but  returned  to 
Auxvasse  in  a  few  years  and  passed  the  remainder  of  his  life  in  Calla- 
way County,  where  he  became  a  prosperous  farmer  and  a  man  of  wide 
influence  in  the  community,  exhibiting  those  qualities  of  helpfulness 
and  thought  of  others  so  strongly  marked  in  his  son  Charles. 

Mr.  Harrison's  early  education  was  acquired  in  the  public  schools, 
from  which,  in  1876,  he  entered  the  University  of  Missouri,  receiving 
the  degree  of  T.  E.  in  1879  and  the  degree  of  C.  E.  in  1880.  During 
the  first  two  years  of  his  course  he  was  a  working  student,  his  father 
refusing  to  help  him  until,  as  he  expressed  it,  he  found  out  "what  the 
boy  was  made  of"  and  what  he  wanted  to  do.  In  college  he  exhibited 
those  qualities  for  thoroughness,  ready  debate,  and  argument,  which 
were  so  marked  throughout  his  life. 


♦Memoir  prepared  by  Alfred  Noble,  Past- President,  Am.   .^ioc.  O.  E.,  and  J.  Waldo 
Smith.  M.  Am.  Soc.  C.  E. 
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After  hein^-  jyraduntcti  from  tlie  University,  he  entered  the  service 
of  the  Mississippi  River  Commission  as  a  Tfodman,  and  assisted  in 
measuring  the  discharge  of  the  Mississippi  at  Fulton,  Tenn.,  until 
August,  1S80.  wlien  he  was  transferred  to  Grafton,  HI.,  with  the  grade 
of  Kecorder.  continuing  in  the  work  of  discharge  measurements  until 
October,  1881.  He  was  then  transferred  to  Lake  Providence,  La.,  as 
Assistant  on  hydrographical  and  topographical  surveys.  He  was  obliged 
to  give  up  this  work  in  June,  1882,  on  account  of  malaria,  but  was 
ntfcnNl  employment  under  the  Corps  of  Engineers  of  the  Army,  and 
Irdin  -June  to  December,  1882,  was  Transitman  on  a  topographical 
survey  of  the  ]\lissouri  River  from  Fort  Pierre  to  Fort  Randall,  Dak.; 
from  December,  1882,  to  September,  1883,  he  was  Instrumcntman  on  a 
topographical  survey  of  the  Red  River  of  the  North. 

The  construction  of  reservoirs  at  the  head-waters  of  the  Missis- 
sippi was  then  in  progress,  under  the  direction  of  the  Army  Engineers, 
and  Mr.  Harrison  was  engaged  as  Assistant  in  the  construction  of  a 
dam  across  that  river  at  Pokegama  Falls,  Minn.,  from  September, 
1883,  to  July,  1884,  and  as  Engineer  in  charge  of  the  completion  of 
a  dam  at  the  outlet  of  Lake  Winnebigoshish,  Minn.,  during  the  re- 
mainder of  the  year.  During  the  five  years  ensuing  he  was  with  an 
uncle  in  Chicago,  in  the  live  stock  commission  business. 

From  July,  1890,  to  May,  1891,  Mr.  Harrison  took  part  as  Assistant 
Engineer  in  hydrographical  surveys  and  investigations  for  the  Sanitary 
District  of  Chicago;  he  then  went  to  Northern  Michigan  as  Engineer 
in  charge  of  the  improvement  of  Carp  River  and  of  the  construction  of 
a  sewerage  system  for  the  City  of  Ishpeming,  returning  in  February, 
1892,  to  the  Sanitary  District  to  take  charge  of  surveys  for  the  loca- 
tion of  the  Chicago  Drainage  Canal,  and  from  August,  1892,  to  August, 
1897,  was  Division  Engineer  in  charge  of  construction  of  Sections  5 
to  15,  embracing  excavation  of  various  kinds  on  a  large  scale  and 
much  concrete  and  structural  work,  including,  with  other  important 
features,  the  regulating  works  at  Lockport,  111.  While  with  the 
Sanitary  District,  ~Slv.  Harrison  served  under  Lyman  E.  Cooley  and 
Isham  Randolph,  Members,  Am.  Soc.  C.  E.,  successively  Chief  Engi- 
neers. This  was  the  first  opportunity  afforded  to  show  to  the  Engineer- 
ing Profession  his  ability  as  an  engineer  and  an  executive,  and  his  work 
gave  him  a  high  standing. 

In  the  summer  of  1897,  the  United  States  Board  of  Engineers  on 
Deep  Waterways  was  organized  to  make  surveys  and  estimates  for  a 
deep  waterway  from  the  Great  Lakes  to  tide-water,  and  Mr.  Harrison 
was  the  first  engineer  engaged.  As  Division  Engineer  he  had  charge 
of  two  sections,  one  being  the  Niagara  Ship  Canal  route,  from  Lake 
Erie  to  Lake  Ontario,  the  other  extending  from  Troy  to  Lake  Cham- 
plain.  On  the  completion  of  this  work  at  the  end  of  1900,  he  went 
to  Panama  for  the  Isthmian   Canal  Commission,  where  he  made  sur- 
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veys  to  verify  the  work  of  the  ei)gineers  of  the  French  Company 
and  also  made  borings  at  the  site  of  the  Bohio  Dam  and  at  other 
points.  From  June,  1900,  to  May,  1902,  he  was  Chief  Engineer  for 
the  Denver  Union  Water  Company,  and  designed  and  built  the  Lake 
Cheesman  Dam,  notable  as  sustaining  a  greater  head  of  water  than 
any  other  structure  then  existing,  and  without  any  leakage. 

At  the  end  of  May,  1902,  Mr.  Harrison  accepted  the  position  of 
Principal  Assistant  Engineer  of  the  East  Eiver  Division  of  the  New 
York  Terminal  of  the  Pennsylvania  Eailroad.  The  division  included 
four  tunnels  under  the  East  River,  built  in  compressed  air,  this  class 
of  work  continuing  nearly  three  years.  In  April,  1908,  he  suffered 
an  injury  of  the  heart  from  too  long  a  stay  under  pressure,  from 
which  he  never  recovered.  The  work  was  then  so  nearly  completed  that 
if  he  could  have  endured  for  another  day,  he  would  not  have  incurred 
any  further  risk.  He  attempted  to  resume  professional  work  in  April, 
1909,  as  Deputy  Chief  Engineer  for  the  Board  of  Water  Supply  of 
the  City  of  New  York,  but  after  a  year's  trial  was  compelled  to  give 
it  up,  and  from  that  time  limited  himself  to  consultations.  Pie  passed 
the  winter  of  1910-11  in  Southern  California;  in  the  winter  of  1911-12 
he  was  in  Havana  and  was  greatly  interested  in  the  raising  of  the 
battleship  Maine,  then  in  progress.  In  March,  1912,  he  visited  the 
Panama  Canal. 

In  the  latter  part  of  August,  1912,  he  contracted  a  slight  cold  which 
did  not  take  a  serious  form  until  two  or  three  days  before  his  death. 
He  was  buried  in  the  family  ])lot  in  the  churchyard  of  the  Presbyterian 
Church  at  Auxvasse. 

Mr.  Harrison's  engineering  experience  embraced  a  wide  range  of 
successful  work.  To  every  new  problem  he  gave  the  most  thorough 
study,  from  the  first  step  to  the  completion,  and  his  judgment  thus 
founded  and  trained  was  seldom  or  never  erroneous.  During  his 
many  years  of  participation  in  important  work,  he  trained  and  developed 
a  large  number  of  young  engineers  from  whom  he  required  the  same 
thoughtfulness  and  thoroughness,  and  nothing  was  more  certain  to 
incur  his  criticism  than  lack  of  care  or  misdirected  energy,  but  it  was 
given  so  kindly  that  no  bitterness  followed,  and  he  possessed  the  friend- 
ship and  loyalty  of  his  assistants  to  a  remarkable  degree. 

His  work  at  three  important  industrial  centers — Chicago,  Denver, 
and  New  York — had  made  him  well  known  throughout  the  United 
States  as  a  capable  engineer,  an  executive  of  rare  ability,  and  as  a  man 
of  the  highest  integrity.  That  his  further  career  would  have  been 
most  distinguished,  if  his  health  had  permitted,  is  evidenced  by  the 
large  number  of  engagements  he  was  obliged  to  decline. 

He  loved  the  truth  in  all  things,  and  hated  any  form  of  deceit  or 
misrepresentation;  he  was  generous  to  a  fault,  but  for  the  hypocrite  or 
professionally  impecunious  he  had  no  consideration.     His  patience  and 


Mi'iuuir.s.J  :\rE5rOIK  OF  JOHN    II A-\VKF.SWOKI'II  3;;Ji 

per.^evenuK-e,  ms  well  as  his  thoiightfulness  for,  and  kindliness  to,  those 
associated  with  him,  was  particularly  marked,  and  he  was  always  a 
most  loyal  friend. 

His  recreation  and  hobby  was  a  most  unusual  one,  in  that  he 
was  the  only  engineer,  or  one  among  a  few,  who  owned  a  racing  stable. 
His  stable,  although  small,  was  chosen  with  the  same  good  judgment 
and  attention  to  detail  shown  in  his  engineering  work,  so  that  his 
cH)lors  were  often  in  the  lead  on  the  principal  tracks  of  the  country 
and  his  percentage  of  wiimcr.s  was  greater  than  in  the  stables  of  the 
wealthy  owners. 

~Mv.  Harrison  was  elected  a  IMember  of  the  American  Society  of 
Civil  Engineers  on  Ifarch  2d,  1898,  and  was  a  Director  from  1908  to 
1910.  He  was  a  frequent  contributor  to  the  discussions  on  papers 
before  the  Society;  in  1905,  the  Thomas  Fitch  Rowland  Prize  was 
awarded  to  him  and  S.  H.  Woodard,  M.  Am.  Soc.  C.  E.,  as  joint  au- 
thors, for  their  paper  entitled  "Lake  Cheesman  Dam  and  Reservoir."* 

He  was  also  a  member  of  the  Western  Society  of  Engineers,  and 
of  the  TJniversitv  and  Engineers'  Clubs  of  New  York  City. 


JOHN  H  V»  KKSWOIITH,  Assoc.  M.  Am.  Soc.  C.  E.f 


Died  Dixember  IOtii,  1912. 


John  Hawkesworth,  the  son  of  James  A.  and  Ella  Zebley  Hawkes- 
worth.  was  born  in  New  York  City,  on  May  18th,  1883.  He  prepared 
for  college  at  the  Cutler  School,  and,  in  1900,  entered  Columbia 
University,  from  wdiich  he  was  graduated  in  1904,  with  the  degree 
of  C.  E.  ' 

In  May,  1904,  Mr.  Hawkesworth  entered  the  employ  of  Raymond 
F.  Almirall,  M.  Am.  Soc.  C.  E.,  as  Assistant  Engineer,  and  was 
engaged  on  the  design  and  superintendence  of  construction  of  various 
reinforced  concrete  buildings  and  structures  in  and  around  New  York 
City.  From  190G  to  1908,  he  served  as  Business  Manager  for  Mr. 
Almirall  and  had  general  supervision  of  the  work  of  the  office. 

^Ir.  Ha^vkesworth  was  one  of  the  first  engineers  to  engage  in 
structural  tests  of  reinforced  concrete,  and  the  results  of  his  experi- 
ments were  published  in  1904  in  "Cements,  Mortars,  and  Concretes," 
by  Myron  S.  Falk,  ^f.  Am.  Soc.  C.  E.  Other  articles  on  this  subject 
were  written  by  Mr.  Hawkesworth  and  published  in  Engineering  News 
in  1905.  He  was  also  the  author  of  a  "Graphical  Handbook  for  Rein- 
forced Concrete  Design,"  which  was  issued  in  1906,  and  of  various 

*Tranfiactiim>i.  Am.  Soc.  C.  E.,  Vol.  Lllf.  p.  80. 
t-  Memoir  prepared  by  Milton  L.  Cornell.  Rsq. 
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other  technical  books  and  papers,  one  of  the  latter  being  entitled 
"Precarious  Expedients  in  Engineering  Practice,"  presented  before  this 
Society  on  February  16th,  1910  * 

From  1908  to  1912,  Mr.  Hawkesworth  spent  part  of  his  time  in 
travel  abroad  and  part  in  consulting  engineering  practice  in  this 
countrj^  He  was  also  engaged  in  investigating  corporations  desirous 
of  increasing  their  capital.  Shortly  before  his  death  he  organized  The 
Carleton  Company,  Engineers  and  Contractors,  of  New  York  City, 
of  which  he  was  President  and  also  a  Director. 

Mr.  Hawkesworth  was  married,  on  November  25th,  1911,  to  Miss 
Marion   Everett   Barling  who  survives  him. 

He  was  a  member  of  the  Lotus  Club,  the  Columbia  University 
Club,  the  Westchester  Country  Club,  the  Municipal  Art  Society,  and 
of  Psi  Upsilon. 

Mr.  Hawkesworth  was  elected  a  Junior  of  the  American  Society  of 
Civil  Engineers  on  September  6th,  1904,  and  an  Associate  Member  on 
November  4th,  1908. 


*  Transactions.  Am.  Sol-.  C.  E.,  Vol.  LXVll,  p.  33. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


March  19th,  1913. — The  meeting  was  called  to  order  at  8.40  p.  M.; 
Director  T.  Kennard  Thomson  in  the  chair;  Charles  Warren  Hunt, 
Secretary;  and  present,  also,  130  members  and  19  guests. 

A  paper  by  E.  J.  Schneider,  M.  Am.  Soc.  C.  E.,  entitled  "Construc- 
tion Problems,  Dumbarton  Bridge,  Central  California  Railway,"  was 
presented  by  the  Secretary',  and  illustrated  with  lantern  slides. 

The  Secretary  also  read  a  communication  on  the  subject  from 
L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.,  and  the  paper  was  discussed  orally 
by  Messrs.  James  B.  French,  J.  A.  Knighton,  James  Owen,  O.  E. 
Hovey,  L.  D.  Rights,  R.  D.  Coombs,  and  T.  Kennard  Thomson. 

The  Secretary  announced  the  following  deaths : 

Philip  Henry  Coombs,  elected  Member,  March  7th,  1906;  died 
March  6th,  1913. 

Charles  Spearman,  elected  Associate  Member,  October  5th,  1909; 
died  August,  1912. 

Adjourned. 


280  MINUTES  OF  MEETINGS  [Society  Affairs. 

April  2d,  1913. — The  meeting  was  called  to  order  at  8.35  p.  m.; 
President  George  F.  Swain  in  the  chair;  Chas.  Warren  Hunt,  Secre- 
tary; and  present,  also,  140  members  and  12  guests. 

The  minutes  of  the  meetings  of  February  19th  and  March  5th,  1913, 
were  approved  as  printed  in  Proceedings  for  March,  1913. 

A  paper  by  Lewis  J.  Johnson,  M.  Am.  Soc.  C.  E.,  and  John  R. 
Nichols,  Jun.  Am.  Soc.  C.  E.,  entitled  "Shearing  Strength  of  Con- 
struction Joints  in  Stems  of  Reinforced  Concrete  T-Beams,  as  Shown 
by  Tests,"  was  presented  by  Mr.  Nichols. 

The  Secretary  read  a  communication  on  the  subject  from  L.  J. 
Mensch,  M.  Am.  Soc.  C.  E.,  and  the  paper  was  discussed  orally  by 
Messrs.  J.  P.  Snow,  David  Gutman,  E.  E.  Seelye,  A.  B.  Heiser,  H.  G. 
Raff,  G.  C.  Doyen,  and  T.  H.  Wiggin. 

A  paper  by  Joshua  Fielden  Ramsbotham,  Assoc.  M.  Am.  Soc.  C.  E., 
entitled  "Fremantle  Graving  Dock:  Steel  Dam  Construction  for 
North  Wall,"  was  presented  by  title.  The  Secretary  read  a  communica- 
tion on  the  subject  from  A,  R.  Archer,  Assoc.  M.  Am.  Soc.  C.  E. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  April  2d,  1913 : 

As  Members 

Alfred  Victor  Bouillon,  Seattle,  Wash. 

Allan  Theodore  Dusenbury,  New  Orleans,  La. 

Joseph  Wilton  Ellms,  Cincinnati,  Ohio 

Joseph  Dean  Evans,  Montreal,  Que.,  Canada 

Alexander  Gray,  Ottawa,  Ont.,  Canada 

Herbrand  Harvey,  St.  Johnsville,  N.  Y. 

Henri  Herbert  Henderson,  Stockton,  Cal. 

George  B  Herington,  La  Fayette,  La. 

Alfred  Elmer  Hess,  Williamsport,  Pa. 

Owen  jVIeriv.ether  Jones,  Sault  Ste.  Marie,  Mich. 

George  Bertram  de  Betham  Kershaw,  West  Wickham.  England 

Felix  John  Kersting,  Leavenworth,  Ivans. 

Stuart  Kelsey  Knox,  East  Orange,  N.  J. 

Victor  Hugo  Kriegshaber,  Atlanta,  Ga. 

Arthur  Barrett  Miller,  New  York  City 

John  Portman  Paget,  Guayaquil,  Ecuador 

Lewis  Frederick  Patstone,  Ada,  Ohio 

As  Associate  Members 
Frank  Hicks  Adams,  Wiggins,  Colo. 
Juan  Batiste  Hipolyte  Bardury,  Guayama.  Porto  Rico 
Dudley  Seymour  Bright,  Pittsburgh,  Pa. 
Arthur  Stacey  Buss,  High  Falls,.  N.  Y. 
James  Retzer  Comly,  San  Diego,  Cal. 
Robert  Emmet  Cullen,  Peak,  S.  C. 
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KoiiKUT  Curtis  Cutting,  Hogsett,  W.  Va. 
Akthur  Albert  Davis,  Bethlehem,  Pa. 
Eknkst  Bukl  Day,  Xew  York  City 
'     CiiARLKs  Thomas  Delamere,  Port  Arthur,  Out.,  Canada 
Harry  Jocelyn  Dignum,  Preston,  Oriente,  Cuba 
William  Frederick  Farley,  Montreal,  Que.,  Canada 
GusTAF  Adolk  Flink,  Harrisburp,  Pa. 
Norman  Paul  Gerhard,  Scarsdale,  N.  Y. 
Henry  McCormick  Gross,  Hnrrisburg,  Pa. 
Frederic  Hamilton  Hill,  Wilmington,  Del. 
James  Carey  Jordan,  Pittsburgh,  Pa.. 
Henry  Larsen,  Portland,  Ore. 
Ralph  Jordan  Lawrence,  Philadelphia,  Pa. 
James  Bennett  Lowell,  Worcester,  Mass. 
Joseph  Davis  Metcalfe,  Caldwell,  Tex. 
James  Blaine  Miller,  Washington,  D.  C. 
Edgar  Henry  Mix,  Venice,  Cal. 
James  Alexander  Moffat,  Spuzzum,  B.  C,  Canada 
Sherman  Moore,  Detroit,  Mich. 
Everett  Bodman  Murray,  Kansas  City,  Mo. 
William  Hogarth  Robertson  Nimmo,  Vancouver,  B.  C,  Canada 
George  Bushnell  Palmer,  New  York  City 
John  Louis  Pickles,  Duluth,  Minn. 
Raymond  Edgar  Reynolds,  Buffalo,  N.  Y. 
Frederick  Charles  Scobey,  Washington,  D.  C. 
Edward  Lewis  Shepard,  East  Lansing,  Mich. 
Harry  Evans  Sovereign,  Grand  Valley,  Colo. 
Harry  Stock,  Chicago,  111. 
Frank  Thorn  Townsend,  Buffalo,  N,  Y. 
Haswell  Roger  Williams,  Baltimore,  Md. 
Harry  Dugan  Williar,  Jr.,  Baltimore,  Md. 
Frederick  Carl  Youngblutt,  Savage,  Mont. 

As  Associate 
Herbert  Chase  Titus,  Albany,  N.  Y. 

As  Juniors 
Robert  Crewdson  Benson,  Tatura,  Victoria,  Australia 
Harold  Edwin  Curtis,  St.  Albert,  Alta.,  Canada 
Rex  Edward  Edgecomb,  Corvallis,  Ore. 
Harold  Bernard  Hammill,  Berkeley,  Cal. 
Adolf  Hinrichs,  Brooklyn,  N.  Y. 
Carl  Wayne  Mengel,  Norfolk,  Va. 
Robert  Ansley  Monroe,  Berkeley,  Cal. 
Alec  Alfred  Plummer,  Vancouver,  B.  C,  Canada 
Horatio  Seymour,  Jr.,  Storm  King,  N.  Y. 
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The  Secretary  announced  the  transfer  of  the  following  candidates 
on  April  2d,  1913 : 

From  Associate  Member  to  Member 

Walter  Chew  Barton,  New  Orleans,  La. 
Luther  Harold  Burt,  Hartford,  Conn. 
John  Soule  Butler,  Nashville,  Tenn. 
George  Albert  Haynes,  Waukesha,  Wis. 
Charles  Wilson  Killam,  Cambridge,  Mass. 
John  Martin,  New  York  City 
Oscar  Charles  Mjerrill,  San  Francisco,  Cal. 
James  Boorman  Strong,  Hillbum,  N.  Y. 

From  Associate  to  Member 
EnwARD  Michael  Graves,  Cleveland,  Ohio 

From  Junior  to  Associate  Member 

James  North  Edy,  Billings,  Mont. 
Wallace  Haynes  Halsey,  Bridgehampton,  N.  Y. 
John  Gibson  Hendrie,  Brighton,  Trinidad 
Granville  Johnson,  Jamaica  Plain,  Mass. 
Georges  Pierre  Ferdinand  Jouine,  Vicksburg,  Miss. 
George  Glenn  McDaniel,  San  Francisco,  Cal. 
Frank  Johnson  Trelease,  Buffalo,  N.  Y. 

The  Secretary  announced  the  following  deaths : 

Peter  Suther  Archibald,  elected  Member,  January  7th,  1885; 
died  March  16th,  1913. 

Charles  Kellogg,  elected  Member,  June  2d,  1880;  died  March 
23d,  1913. 

Emil  Edv^ard  Kuersteiner,  elected  Member,  December  1st,  1897; 
died  March  10th,  1913. 

John  Stuart  Elliott,  elected  Associate  Member,  April  6th,  1892; 
died  March  25th,  1913. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION 

(Abstract) 

March  4th,  1913.— President  Swain  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  Messrs.  Bates,  Bush,  Clarke, 
Gerber,  Hodge,  Leonard,  Metcalf,  Ridg^vay,  Smith,  Snow,  Thomson, 
and  WaHaee. 

The  proposed  re-districting  of  the  Society  for  the  purpose  of  the 
Nominating  Conmiittee  was  considered  in  a  report  received  from  a 
sub-committee  appointed  by  the  Board  for  the  purpose,  and  the  pro- 
l)osed  amendment,  as  prepared  by  that  Committee,  was  approved,  and 
the  Committee  instructed  to  secure  signatures  enough  to  bring  the 
matter  legally  before  the  Society.* 

The  Secretary'  reported  that  Messrs.  Chas.  D.  Marx,  W.  A.  Cattell, 
Arthur  L.  Adams,  and  Chas,  Derleth,  Jr.,  have  accepted  their  ap- 
jiointment  by  the  Board,  to  represent  this  Society  on  the  General 
Committee  in  charge  of  The  International  Engineering  Congress,  1915. 

The  application  of  a  woman  for  admission  to  the  Society  was 
declined,  for  the  reason  that  the  Board  is  of  the  opinion  that  the 
Constitution  of  the  Society  does  not  contemplate  the  admission  of 
women. 

The  resignations  of  1  Member  and  3  Associate  Members  were  ac- 
cepted, and  the  resignation  of  1  Associate  was  accepted  as  taking 
eflFect  December  31st,  1913. 

Ballots  for  membership  were  canvassed  resulting  in  the  election  of 
IG  Members,  23  Associate  Members,  and  11  Juniors,  and  the  transfer 
of  10  Juniors  to  the  grade  of  Associate  Member. 

Xine  Associate  Members  were  transferred  to  the  grade  of  Member. 

Applications  were  considered,  and  other  routine  business  transacted. 

Adjourned. 

April  2d,  1913. — President  Swain  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  Messrs.  Edwards,  Endicott,  Gerber, 
Leonard,  Macdonald,  Metcalf,  Ridgway,  Smith,  Snow,  and  Thomson. 

The  Finance  Committee  presented  a  report  covering  the  work  of  the 
employees  of  the  Society  and  their  salaries,  which  was  received 
and  ordered  published  in  Proceedings  for  the  information  of  the 
membership.f 

A  letter-ballot  of  the  whole  Board  (ordered  February  4th,  1913) 
on  the  question  as  to  whether  the  salary  of  the  vSocretary  shall  be  in- 
creased from  $10  000  to  $12  000  per  annum  was  canvassed.  Every  mem- 
ber of  the  Board,  except  the  Secretary,  cast  a  ballot,  with  the  result 
that  the  question  was  decided  in  the  affirmative. 

*  This  amendment  has  been  mailed  to  all  members. 

t  This  report  will  be  fouod  on  page  285. 
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A  telegram  addressed  to  the  Chairman  of  the  Assembly  Committee 
on  Public  Education  at  Albany,  N.  Y.,  protesting  against  the  passage 
of  Assembly  Bill  No.  1126  for  the  Licensing  of  Civil  Engineers  was 
adopted  and  forwarded. 

The  President  was  requested  to  write  to  the  Governor  of  New  York, 
calling  attention  to  the  attitude  of  this  Society  on  the  proposed  Bill, 
and  on  the  general  subject  of  the  Licensing  of  Engineers. 

Ballots  for  membership  were  canvassed,  resulting  in  the  election 
of  17  Members,  38  Associate  Members,  1  Associate,  and  9  Juniors, 
and  the  transfer  of  Y  Juniors  to  the  grade  of  Associate  Member. 

Eight  Associate  Members  and  1  Associate  were  transferred  to  the 
grade  of  Member. 

Applications  were  considered  and  other  routine  business  transacted. 

Adjourned. 
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REPORT  OF  THE  FINANCE  COMMITTEE 

TO  THE  BOARD  OF  DIRECTION 

OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS* 

Keceived  April  2(1,  V.n:\. 

The  Finance  Committee  reports  that  it  has  conferred  with  the 
Secretary  regarding;  the  number  of  employees  of  the  Society,  the 
anidiint  and  character  of  the  work  performed  by  each,  and  the  salaries 
paid  to  them;  and  has  visited  the  various  departments  during  work- 
ing hours,  and  inspected  the  work  being  done. 

The  Committee  was  impressed  with  the  large  amount  of  detailed 
work  required  to  successfully  conduct  the  work  of  the  Society,  main- 
tain its  library  and  records,  and  render  prompt  service  to  its  mem- 
bers. It  is  of  the  opinion  that  the  work  is  being  efficiently  and 
economically  done,  that  the  number  of  employees  now  upon  the  pay- 
roll is  necessary  to  properly  handle  the  work,  and  that  the  salaries 
paid  are  consistent  with  the  character  and  amount  of  work  accomplished. 

The  following  is  a  list  of  the  present  employees,  with  their  salaries: 

Per  Annum. 

Office   Assistant $2  800 

Ass't.  Editor 1  080 

Bookkeeper    1  380 

Ass't.    Bookkeeper 660 

Membership    Clerk 1  080 

Stenographer 900 

"               900 

780 

"              780 

Address  Clerk 780 

"     780 

Clerk    720 

Typist 480 

Mailing  Clerk 720 

Junior  Clerk 408 

"            "    336 

"            "     252 

"            "     252 

"            "     252 

Hall  Boy 252 

"        "    15(3 

Librarian    2  100 

Ass't.   Librarian 1  080 

"  "         900 

«  "         900 

"  "         660 

Janitor    720 

Ass't.   Janitor.  . .  .• 468 

$22  576 
*  Published  for  the  infornaation  of  members,  by  order  of  the  Board. 
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The  Society  also  has  the  following  salaried  officers : 

Per  Annum. 

Secretary $10  000 

Ass't.  Secretary 3  000 

Treasurer    100    $13  100 

These  salaries  are  divided  by  departments  as  follows : 
General : 

Secretary $10  000 

Treasurer    100    $10  100 

Editorial  : 

Ass't.  Secretary $3  000 

Ass't.    Editor 1080        4  080 

Library  : 

Librarian   $2  100 

4  Ass't.  Librarians 3  540        5  G40 

Caretaking  : 

Janitor  and  Ass't $1 188 

2  Hall  Boys 408        1596 

General  Office: 

Chief  Office  Assistant 2  800 

Membership : 

2    Clerks 1  800 

Bookkeeping : 

2   Bookkeepers. 2  040 

Office  Work : 

4  Stenographers .. $3  360 

2  Address    Clerks 1  560 

1  Tyi3ist 480 

1  Mailing   Clerk 720 

5  Junior  Clerks 1  500        7  620 

$35  676 
Lincoln  Bush, 
George  C.  Clarke, 
Henry  W.  Hodge, 
Leonard  Metcalf, 
Emil  Gerber, 

George  F.   Swain,  Ex-officio, 
Finance  Committee. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Foucth  of  July,  Thanksgiving  Day,  and 
Christmas  Day. 

FUTURE   MEETINGS 

May  7th,  1913.— 8.30  P.  M.— A  regular  business  meeting  will  be 
held,  and  two  papers  will  be  presented  for  discussion,  as  follows: 
"Colorado  River  Siphon,"  by  George  Schobinger,  Jun.  Am.  Soc.  C.  E. ; 
and  "Tidal  Phenomena  in  the  Harbor  of  New  York,"  by  H.  de  B. 
Parsons,  M.  Am.  Soc.  C.  E. 

^Ir.  Schohinger's  paper  was  printed  in  Proceedings  for  March,  1913, 
and  ^Ir.  Parsons'  paper  is  printed  in  this  number  of  Proceedings. 

May  2ist,  1913.— 8.30  P-  M.— Two  papers  will  be  presented  for 
discussion  at  this  meeting,  as  follows :  "Recent  Improvements  in  Level- 
ing Instruments,"  by  Dumbar  D.  Scott,  M.  Am.  Soc.  C.  E.;  and 
"Statical  Limitations  Upon  the  Steel  Requirement  in  Reinforced 
Concrete  Flat  Slab  Floors,"  by  John  R.  Nichols,  Jun.  Am.  Soc.  C.  E. 

These  papers  are  printed  in  this  number  of  Proceedings. 

June  4th,  1913.— 8.30  P.  M.— This  will  be  a  regular  business  meet- 
ing. A  paper  by  Maurice  G.  Parsons,  Jun.  Am.  Soc.  C.  E.,  entitled 
"The  Philosophy  of  Engineering,"  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

ANNUAL  CONVENTION 

The  Forty-fifth  Annual  Convention  of  the  Society  will  be  held  at 
Ottawa,  Ont.,  Canada,  from  June  17th  to  20th,  1913,  inclusive. 

The  general  arrangements  for  the  Convention  are  in  the  hands  of 
the  following  Committees: 

COMMITTEE  OF  THE  BOARD  OF  DIRECTION 

Charles  H.  Rust,  Chairman, 
Hkxry  W.  Hodge,  Chas.  Warren  Hunt. 

LOCAL  COMMITTEE 

Chas.  H.  Keeper,  Chairman, 

W.  H.  Breitiiaupt,  H.  Holgate,  John  Kennedy, 

S.  J.  Chapleau,  J.  A.  Jamiesox,  William  McNab, 

C.  R.  F.  CouTLEE,  Phelps  Johnson,  C.  H.  Mitchell, 

A.  R.  Dufresne,  T.  C.  Kkefer.  H.  R.  S afford, 

G.  H.  Duggan,  H.  G.  Kelley,  W.  F.  Tye, 

Sir  Sandford  Fleming,  G.  W.  Volckman, 

A  preliminary  circular  has  been  sent  to  all  members,  and,  as  soon 
as  arrangements  have  been  completed,  an  additional  circular  will  be 
issued. 
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SEARCHES   IN  THE   LIBRARY 

In  January,  1902,  the  Secretary'  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  ^charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to  the 
membership  that  such  work  would  be  undertaken,  many  would  avail 
themselves  of  it. 

The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Reports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  searches  made 
to  date. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Proceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  vmder  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subsequent  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

*  Proceedings,  Vol.  XXXIII,  p.  80  (January,  1907);  Vol.  XXXVII,  p.  28  (January,  1911). 
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LOCAL  ASSOCIATIONS  OF  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

The  San  Francif^eo  Association  of  Members  of  the  American 
Society  of  Civil  Enjiineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
0  r.  M.,  at  the  Palace  Hotel,  on  the  third  Friday  of  February,  April, 
-Tune,  August,  October,  and  December,  the  last  being  the  Annual 
-Meeting  of  the  Association. 

Informal  luncheons  are  held  at  12.15  p.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association  E.  T.  Thurston,  Jr.,  ^l.  Am.  Soc.  C.  E., 
713  ^lechanics'  Institute,  57  Post  Street. 

The  by-laws  of  the  Association  provide  for  the  extension  of  hospi- 
tality to  any  member  of  the  Society  who  may  be  temporarily  in  San 
Francisco,  and  any  such  member  will  be  gladly  welcomed  as  a  guest. 

Colorado  Association 

1'he  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary,  Gavin  N.  Houston,  M.  Am.  Soc.  C.  E.,  409  Equitable 
Building,  Denver,  Colo.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  1)0  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and,  until  further 
notice,  will  take  place  at  the  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

Atlanta  Association 

On  March  14th,  1912,  the  Atlanta  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized,  with  the  following 
officers:  Arthur  Pew,  President;  William  A.  Hanscll,  Jr.,  Secretary; 
and  Messrs.  James  N.  Hazlehurst  and  Alexander  Bonnyman,  Members 
of  the  Executive  Committee.  The  Association  will  hold  its  meetings 
in  the  house  of  the  University  Club. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY   OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms  and  at  all  meetings  : 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City. 
American  Society  of  Mechanical  Engineers,  29  West  Thirty-ninth 

Street,  New  York  City. 
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Architekten-Verein  zu  Berlin,    Wilhelmstrasse   92,   Berlin   W.    66, 

Germany. 
Associagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,    Melbourne,    Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremont   Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  413   Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,    Chamber   of   Commerce    Building, 

Cleveland,  Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Dansk   Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 
Engineers'  and   Architects'  Club    of    Louisville,   Ky.,    303  Norton 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md. 
Engineers'  Club  of  Minneapolis,  17  South  Sixth  Street,  Minneapolis, 

Minn. 
Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 
Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 
Engineers'  Club  of  Toronto,  96  King  Street,  West,  Toronto,  Ont., 

Canada. 
Engineers'  Society  of    Northeastern   Pennsylvania,    302    Board    of 

Trade  Building,  Scranton,  Pa. 
Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Harrisburg, 

Pa. 
Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 

Pittsburgh,  Pa. 
Institute  of  Marine   Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 
Institution    of    Engineers   of   the  River   Plate,   Buenos   Aires,  Ar- 
gentine Republic. 
Institution  of  Naval  Architects,  5  Adelphi  Terrace,  London,  W.  C, 

England. 
Junior  Institution  of  Engineers,    39    Victoria   Street,   Westminster, 

S.  W.,  London,  England. 
Koninklijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 
Louisiana  Engineering  Society,  321  Hibernia  Bank  Building,  New 

Orleans.  La. 
Memphis  Engineering  Society,  Memphis,  Tenn. 
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Midland    Institute    of    Mining,    Civil    and    Mechanical    Engineers, 

ShellieUl,  England. 
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ACCESSIONS  TO  THE  LIBRARY 

(From  March  oth  to  April  1st,  1913) 

DONATIONS* 
RIVER  DISCHARGE. 

Prepared  for  the  Use  of  Engineers  and  Students.  By  John  Clayton 
Hoyt,  M.  Am.  Soc.  C.  E.,  and  Nathan  Clifford  Grover,  Assoc.  M. 
Am.  Soc.  C.  E.  Second  Edition,  Kevised  and  Enlarged.  Cloth,  9^  x 
6  in.,  illus.,  12  +  173  pp.  New  York,  John  Wiley  &  Sons;  London, 
Chapman  &  Hall,  Limited,  1912.    $2.00. 

In  this  book,  the  authors,  it  is  stated,  have  considered  the  methods  of  measuring 
and  computing  stream  flow,  the  laws  which  govern  such  measurements,  the  phe- 
nomena which  affect  the  flow  of  streams,  and  the  uses  to  which  the  data  can  be 
applied.  The  first  edition  was  published  in  1907  since  which  time  material  advance, 
it  is  said,  has  been  made  in  the  development  of  methods  and  instruments  for  stream 
gauging  due  to  the  work  of  the  engineers  of  the  Water  Resources  Branch  of  the 
United  States  Geological  Survey.  The  Survey's  methods  have  been  accepted  as 
standards  in  this  country,  it  is  stated,  and  have  been  adopted  and  used  in  hydraulic 
developments  by  engineers  in  all  parts  of  the  world.  In  this,  the  second  edition,  the 
authors  state  that  they  have  attempted  to  incorporate  the  latest  practice  in  the 
subject,  the  chapter  on  instruments  and  equipment  having  been  wholly  rewritten  and 
that  on  the  compilation  and  use  of  data  having  been  revised  and  enlarged.  Other 
minor  changes  and  additions  have  been  made,  the  latter  including  maps  showing  the 
mean  annual  precipitation  and  run-off  in  the  United  States.  The  Contents  are : 
Introduction ;  Instruments  and  Equipment ;  Velocity-Area  Stations  ;  Weir  Stations  ; 
Discussion  and  Use  of  Data;  Conditions  Affecting  Stream  Flow;  Tables;   Index. 

EARTHWORK  HAUL  AND  OVERHAUL. 

Including  Economic  Distribution.  By  J.  C.  L.  Fish,  M.  Am.  Soc. 
C.  E.  Cloth,  9i  X  6  in.,  illus.,  14  +  165  pp.  New  York,  John  Wiley 
&  Sons;  London,  Chapman  &  Hall,  Limited,  1913.     $1.50. 

All  questions  relating  to  the  computation  of  overhaul  and  the  use  of  the  mass 
curve  in  planning  distribution,  are,  the  preface  states,  answered  in  this  book.  The 
subject-matter  is  divided  into  two  parts.  Part  I,  Haul  and  Overhaul,  is  planned  for 
the  use  of  students  and  teachers,  railroad  contractors,  computers,  and  railroad 
engineers.  In  this  part.  Chapters  I  to  V  are  recommended  to  students  of  overhaul, 
in  school  or  out,  as  they  contain,  it  is  said,  a  full  presentation  of  each  of  the  ele- 
ments of  overhaul  computation.  Descriptions  of  bases  and  methods  of  overhaul  com- 
putation are  given  in  Chapters  V,  VI,  and  VII,  which,  it  is  stated,  railroad  con- 
tractors will  find  useful  in  coming  to  a  definite  understanding  with  railroad  en- 
gineers as  to  the  way  in  which  overhaul  shall  be  computed.  Chapters  VI  and  VII 
may  also  be  of  use  to  railroad  engineers  and  computers  in  determining  a  method 
of  computation  and  a  complete  plan  of  procedure  under  such  method.  Part  II, 
Economic  Distribution  of  Material  Along  the  Profile,  is  devoted,  the  preface  states, 
to  the  elements  of  the  problem  of  economic  distribution  and  presents  a  thorough 
treatment  of  the  solution  of  this  problem  by  the  use  of  the  mass  curve.  The  Chapter 
headings  are :  Part  I,  Haul  and  Overhaul :  Considerations  Preliminary  to  the  Com- 
putation of  Haul  ;  The  Mass  Curve  :  Limits  and  Center  of  Mass  of  a  Body  of 
Material  •  Center  of  Gravity  ;  Overhaul,  Free  Haul,  and  Cross  Haul  ;  Overhaul  Com- 
puted for  the  Simple  Case  of  Fig.  19  ;  Overhaul  Computed  for  the  Complex  Case  of 
Fig  38.  Part  II,  Economic  Distribution  of  Material  Along  the  Profile  :  Preliminary 
Considerations ;  Economic  Balancing  Line  for  Mass  Curve  Plotted  from  Cut- 
Volumes  and  Equated  Fill-Volumes,  etc.  :  Economic  Balancing  Line  for  Mass  Curve 
Plotted   from   Fill-Volumes   and  Equated   Cut- Volumes  ;    Index. 

RATIONAL  AND  APPLIED  MECHANICS. 

By  Calvin  Milton  Woodward.  Cloth,  9^  x  6i  in.,  illus.,  8  +  51Y  pp. 
St.  Louis,  Mo.,  Nixon-Jones  Printing  Company,  1912.  $4.00.  (Donated 
by  the  Author.) 

It  is  stated  in  the  preface  that  this  book  was  written  primarily  for  students 
entering  upon  their  second  collegiate  year.  Their  knowledge  of  mechanics  being 
limited  to  what  they  have  gained  during  their  study  of  physics  and  from  practice 
in    the    laboratory    and   shop,    the   author   aims   to   take   them   by   logical    steps   from 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 
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the  purely  elementary  to  the  higher  matheinatual  treatment  of  the  subject  and 
to  make  every  step  reasonable  and  every  demonstration  intelligible,  in  order  that 
they  may  learn  to  follow  statements  made  in  the  language  of  mathematics  and 
mechanics.  The  subject-matter,  it  is  stated,  has  not  been  confined  to  any  one  branch 
of  Engineering  or  Architecture,  the  object  being  to  make  it  possible  for  the 
student  in  any  technical  branch  to  read  intelligently  and  use  carefully  prepared 
papers  and  manuals  and  to  solve  new  problems  as  they  arise.  No  attempt  has 
been  made  to  multiply  problems,  clear  illustrations  of  general  principles  and  useful 
methods  of  analysis  only  being  included.  The  author  states  that  he  has  used  abstract 
problems  freely  with  those  which  approximate  more  or  less  closely  real  ones.  With 
the  abstract  problems  he  has  aimed  to  illustrate  general  methods,  establish  general 
laws,  and  derive  general  formulas  and  then  apply  them  to  the  solutions  of  problems 
derived  from  all  sorts  of  sources  and  conditions.  Matter  relating  to  commercial 
and  cost  data  has  been  omitted,  and  the  author  has  adopted  that  order  for  his 
subjects,  It  is  stated,  which  will  meet  the  needs  of  the  engineering  student  who 
early  in  his  professional  study  takes  up  frames  and  structures.  The  Contents  are  : 
Introduction,  Part  I,  Statics :  Co-Linear  Forces  ;  Parallel  Forces  Which  Balance ; 
Converging  Forces  in  a  Plane:  Non-Converging  Forces  in  a  Plane;  Forces  in  Space; 
Centroids  of  Surfaces  ;  Centres  of  Gravity  ;  Moments  of  Inertia  of  Surfaces  ;  Elemen- 
tary Graphical  Statics  ;  Internal  Stress.  Part  II,  Kinetics  :  Translation  Under  Constant 
Forces  :  Translation  Under  Varying  Forces  ;  Moments  of  Inertia  of  Solids  ;  Deviating 
Forces  ;  Kinematics ;  Work  and  Energy  ;  Elasticity  ;  Graphical  Representations  of 
Shear,  etc.  ;  Shearing  Stress  ;  Beams  of  Uniform  Strength  ;  Work  in  a  Bent  Beam, 
etc.  ;  The  Stability  of  Foundations  and  Retaining  Walls ;  Eccentric  Loading  of 
Short  Columns  ;  The  Energy  of  Streams  of  Water  and  Air ;  The  Efficiency  of 
Compressed   Air;    Appendix:    Four-Place   Logarithms;    Index. 

PSYCHOLOGY  AND  INDUSTRIAL  EFFICIENCY. 

By  Hugo  Miinsterberg.  Cloth,  8^  x  5^  in.,  8  +  321  pp.  Boston 
and  Xew  York,  Houghton  Mifflin  Company,  1913.     $1.50. 

The  author's  aim  in  this  book,  it  is  stated,  has  been  to  sketch  the  outlines  of 
a  new  science  which  is  intermediate  between  the  modern  laboratory  psychology 
and  the  problems  of  economics,  and  to  demonstrate  the  principles  and  methods  of 
such  experimental  economic  psychology  by  characteristic  illustrations.  To  that 
end  he  has  selected  for  discussion  herein  three  central  purposes  which  occur  in 
every  department  of  business  life,  namely  (1)  how  to  find  the  man  whose  mental 
qualities  make  him  best  fitted  for  the  work;  (2)  under  what  psychological  conditions 
can  the  greatest  and  most  satisfactory  output  of  work  be  secured  from  every  man  ; 
and  (3),  how  completely  can  the  infiuences  on  human  minds  which  are  desired 
in  the  interest  of  business,  be  produced.  The  Contents  are  :  Introduction  ;  Applied 
Psychology  ;  The  Demands  of  Practical  Life  ;  Means  and  Ends.  I,  The  Best  Possible 
Man  :  Vocation  and  Fitness ;  Scientific  Vocational  Guidance ;  Scientific  Manage- 
ment ;  The  Methods  of  Experimental  Psychology ;  Experiments  in  the  Interest  of 
Electric  Railway  Service;  Experiments  in  the  Interest  of  Ship  Service;  Experiments 
in  the  Interest  of  Telephone  Service  ;  Contributions  from  Men  of  Affairs  ;  Individuals 
and  Groups.  II,  The  Best  Possible  Work:  Learning  and  Training;  The  Adjustment  of 
Technical  to  Psychical  Conditions  ;  The  Economy  of  Movement  ;  Experiments  on  the 
Problem  of  Monotony;  Attention  and  Fatigue;  Physical  and  Social  Influences  on  the 
Working  Power.  Ill,  The  Best  Possible  Effect :  The  Satisfaction  of  Economic  Demands  ; 
Experiments  on  the  Effects  of  Advertisements  ;  The  Effect  of  Display  ;  Experiments 
with  Reference  to  Illegal  Imitation  ;  Buying  and  Selling ;  The  Future  Development 
of   Economic  Psychology  ;   Notes  ;    Index. 

MINING  ENGINEERS'  EXAMINATION  AND  REPORT  BOOK. 

By  Charles  Janin.  Part  I,  Leather,  T|  x  51  in.,  illus.,  94  pp.; 
Part  II,  Boards,  5  x  7i  in.,  57  pp.  San  Francisco,  The  Mining  and 
Scientific  Press;  London,  The  Mining  Magazine,  1913.     $2.50. 

This  work  which,  it  is  stated,  has  been  arranged  to  assist  prospectors,  owners, 
promoters,  etc.,  in  presenting  a  concise  and  comprehensive  report  on  mines  and 
mining  properties,  is  divided  into  two  parts.  Part  I  is  a  handbook  and  contains 
information  and  tables  leading  up  to  an  enumeration  of  the  points  which  a  complete 
report  should  cover.  The  examination  of  placers  is  discussed,  and  an  outline  of 
a  placer  report  is  given  as  well  as  methods  and  costs  of  sampling  with  Keystone 
and  Empire  hand  drills.  Detailed  instructions  for  filling  out  the  blanks  given  in 
Part  II  are  also  included.  Part  II  is  a  skeleton  report  and  may  be  used  as  a  field 
note-book,  from  which,  it  is  stated,  the  final  report  may  be  readily  dictated.  The 
Contents  are  :  Examination  of  Mines  ;  Examination  of  Placers  ;  Examination  of  Title  ; 
Blank  Forms  ;  Miscellaneous  Suggestions  and  Information  :  Classification  of 
Igneous  Rocks ;  Study  of  Ore  Deposits  ;  Representative  Costs  ;  Miscellaneous  Tables 
and  Data  ;   Index. 
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STABILITY  IN  AVIATION 

An  Introduction  to  Dynamical  Stability  as  Applied  to  the  Motions 
of  Aeroplanes.  By  G.  H.  Bryan.  (Macraillan  Science  Monographs.) 
Cloth,  9  X  6  in.,  illus.,  10  +  192  pp.  London,  Macmillan  and  Co., 
Limited,  1911.     $2.00. 

The  problem  of  stability  in  connection  with  aviation  has  not  received,  it  is 
stated,  that  attention  which  it  deserves  by  mathematicians,  and  it  is  hoped  that, 
as  much  of  the  loss  of  life  and  damage  to  property  could  be  avoided  by  a  sys- 
tematic study  of  aeroplane  stability  and  of  certain  other  problems  regarding  the 
motion  of  aeroplanes  discussed  in  this  book,  its  publication  may  lead  to  further 
study  and  investigation  of  the  subject.  As  discussed  by  the  author,  attention 
is  said  to  have  been  concentrated  on  the  mathematical  aspect  of  the  problem  for 
several  reasons:  (1)  because  the  development  of  the  mathematical  theory  must  be 
done  thoroughly  or  not  at  all  ;  (2)  the  formulas  obtained  could  only  have  been 
established  by  m^athematical  theory  ;  (3)  as  there  has  seemed  to  be"  no  lack  of 
competent  workers  interested  in  the  practical  and  experimental  side  of  aviation,  as 
much  weight  as  possible  should  be  thrown  on  the  mathematical  side  of  the  question 
in  order  to  improve  the  balance  between  theory  and  practice;  and  (4)  it  is  hoped 
to  advocate  the  claims  of  aeroplane  equilibrium  and  stability  as  studies  in  colleges 
and  universities  with  such  branches  as  applied  mathematics,  etc.  The  motions  or 
changes  of  motion  set  up  in  the  flying  machine  itself  by  air  pressures  and  by  the 
other  forces  acting  on  it  when  equilibrium  in  steady  motion  is  disturbed  is,  it  is 
stated,  the  problem  discussed  and  the  author  shows  that  there  should  be  no  diflBculty 
in  securing  inherent  stability,  both  longitudinal  and  lateral,  in  an  aeroplane,  by 
means  of  suitably  placed  auxiliary  surfaces  rigidly  attached  to  the  machine.  The 
Chapter  headings  are:  Introduction  and  Summary;  Fundamental  Principles;  General 
Considerations  Regarding  Symmetrical  Derivatives  ;  Graphic  Statics  of  Longitudinal 
Equilibrium  ;  Longitudinal  Stability  of  Single- Lifting  Surfaces  ;  Longitudinal  Stability 
of  Double-Lifting  Systems  :  Asymmetric  or  "Lateral"  Stability-Straight  Planes  and 
Vertical  Pins  ;  Lateral  Stability  Bent-Up  Planes  ;  General  Conclusions  ;  Comparison 
with   Other   Theories  ;    Problems,   Notes,    Nomenclature,    Notation ;    Index. 


ENGINEERS'  HANDBOOK  ON  PATENTS. 

By  William  Macomber.  Leather,  7  x  4-1  in.,  illus.,  15  +  288  pp. 
Boston,  Little,  Brown  and  Company,  1913.     $2.50. 

The  engineer,  the  author  states,  is  coming  to  be  the  Yankee  inventor  raised  to  the 
nth  power,  and  as  such  should  be  familiar  with  the  patent  law.  This  book,  it  is 
said,  is  a  handbook,  not  a  textbook,  on  that  subject,  in  which  the  author  states 
in  a  practical  manner,  omitting  legal  phraseology  and  terminology,  those  things 
which  the  inventor,  the  industrial  leader,  and  especially  the  engineer  should  know 
concerning  Patent  Office  procedure.  In  it  he  discusses  the  various  problems  relating 
to  patents,  that  is,  how  to  obtain  one,  what  one  covers,  what  it  protects,  what 
must  be  avoided,  the  general  course  and  trend  of  patent  litigation,  the  problem  of 
property  rights  in  patents,  etc.  The  Contents  are :  Introductory ;  What  is  a 
Patent?  The  Nature  of  Invention;  What  is  Patentable;  Patentable  Novelty;  The 
Obtaining  of  Patents  ;  Claim  Construction  ;  Infringement  ;  Patent  Litigation  ;  Prop- 
erty Rights  ;   Index. 


MODERN  PARK  CEMETERIES. 

By  Howard  Evarts  Weed.  Cloth,  7|  x  5  in.,  illus.,  145  pp.  Chicago, 
R  J.  Haight,  1912.     $1.60. 

The  author's  aim  in  this  book,  it  is  stated,  is  to  furnish  information  relating 
to  the  construction  and  management  of  cemeteries,  in  a  practical  and  conci  ;e  form. 
It  is  hoped  that  cemetery  officials  will  find  the  volume  useful  in  disseminating  modern 
ideas  on  the  subject  and  in  educating  lot  owners  as  to  modern  conditions  in  order 
that  many  present-day  cemeteries  may  be  improved.  The  Chapter  headings  are: 
Cemetery  History  and  Burial  Customs  in  America  ;  The  Organization  and  Owner- 
ship of  Cemeteries ;  The  Proper  Location  for  a  Cemetery ;  The  Cemetery  Plan  ; 
General  Construction  W^ork  ;  Road  Construction  ;  Landscape  Development  ;  The 
Superintendent  and  His  Duties  :  Mausoleums,  Monuments,  and  Headstones  ;  Rules 
and  Regulations  ;  Perpetual  Care  Fund  ;  Cemetery  Records  ;  The  Cemeterj'  Buildings  ; 
Charges  for  Lot  and  General  Services  ;  The  Improvement  of  Old  Cemeteries  ;  Crema- 
tion ;  Cemetery  Law  ;  Cemetery  Literature  and  the  A.  A.  C.   S. 
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CYANIDE  F^RACTICE  IN  MEXICO. 

By  Ferdinand  McCann.  Cloth,  9^  x  G  in.,  illu-s.,  194  pp.  San 
Francisco,  The  Mining-  and  Scientific  Press;  London,  The  Mining 
:\ragazine,  1912.     $2.00. 

The  preface  states  that  this  volume  consists  largely  of  extracts  from  a  Spani-h 
book  by  the  author  entitlrd  "Beneficio  de  Metales  de  Plata  v  Oro  por  Cianuracioii  " 
These  extracts  have  been  revised,  and  new  material  has  been  added,  it  is  stated 
m  order  to  embody  the  latest  practice  in  various  Mexican  mills.  The  book  contains.' 
it  is  said,  an  accurate  detailed  description  of  the  equipment  and  practice  at  ali 
the  important  cyanide  plants  in  Mexico,  and  as  Mexican  practice  deals  especially 
with  the  cyanidation  of  silver  ores,  the  author  hopes  that  the  volume  will  be 
an  acceptable  addition  to  the  literature  on  that  subject.  Many  illustrations  are 
given,  including  the  flow  sheets  of  many  representative  mills.  The  Contents  are : 
Historical  Outline  of  the  Cyanide  Process;  Various  Systems  of  Treatment:  Cyan- 
ide Practice  of  the  Kl  Oro  Mining  &  Railway  Co.,  El  Oro,  Mexico ;  The  Dos 
Estrellas  Co.,  TIalpujahua.  Michoacan  ;  The  Mexico  Mines  of  El  Oro,  Ltd.,  El  Oro, 
Mexito  :  The  Esperanza  Mining  Co.,  El  Oro,  Mexico ;  The  Guanajuato  Consolidated 
Mining  &  Milling  Co.,  Guanajuato,  Mexico:  The  Real  del  Monte  y  Pachuea  Co., 
Pachuca,  Hidalgo;  In  the  Tailing  Plant  of  the  Blaisdell  Coscotitlan  Syndicate, 
Pachuea,  Hidalgo  ;  In  the  San  Fram  isco  Mill  No.  1  of  the  Compania  Beneficiadora 
de  .Metales,  Pachuca.  Hidalgo  ;  Of  the  San  Rafael  y  Anexas  Co..  Pachuca,  Hidalgo  ; 
At  the  Plant  of  the  Lucky  Tiger  Combination  Gold  Mining  Co.,   FA  Tigre  Sonora,  by 

D.  L.  H.  Forbes  ;  .At  the  Veta  Colorado,  Parrel,  Chihuahua,  by  Bernard  McDonald  ; 
Cyanide  Practice  in  Small  Mills  ;  Continuous  Cyanide  Treatment  in  Connection  with 
Pachuca  Tank  ;  Cyanidation  in  Pan-Amalgamation  Mills  Without  Change  in  the 
Machinery;  Precipitation  on  .Metallic  Zinc;  Treatment  of  Cyanide  Precipitates; 
Index. 

THE  MINING  WORLD  INDEX 

Of  Current  Literature,  Vol.  II,  July-December,  1912.     Bv  George 

E.  Sisley.  Cloth,  91  x  6  in.,  24  +  234  pp.  Chicago,  Mining  World 
Company,  1913.    $2.00.     (Donated  by  Mining  and  Engineering  World.) 

The  first  volume  of  this  Index  Was  issued  in  August,  1912,  and  covered  the  first 
six  months  of  that  year.  As  stated  in  the  title,  this,  the  second  volume,  includes 
the  period  from  July  to  December,  1912,  and  covers  the  field  of  the  world's  cur- 
rent literature  of  mining,  metallurgy,  and  the  allied  industries.  The  subject-matter 
is  a  revise  of  the  Index  of  the  same  subjects  published  weekly  in  the  Miniiu/  and 
Engineering  World,  and  is  stated  to  have  been  issued  in  book  form  for  the  benefit 
of  engineers  and  others  who  wish  to  keep  in  touch  with  the  progress  made  in  mining, 
metallurgy,  etc.  Some  changes  have  been  made,  it  is  said,  in  the  arrangement  of 
the  present  volume  with  a  view  to  making  reference  easier,  the  entries  being  alpha- 
betical by  author  under  the  subject  and  including  author,  title  of  article  (titles 
in  foreign  languages  are  usually  followed  by  a  translation  or  explanation  in  English), 
a  brief  amplification  or  explanation  when  the  title  is  insufficient,  the  journal  in 
which  the  article  appeared,  with  the  date  and  page  number,  the  approximate  num- 
ber of  words  in  the  article,  and  the  price,  which  arrangement,  it  is  hoped,  will 
be  of  benefit  to  those  whose  library  facilities  are  limited.  The  Contents  are:  Part  I, 
Ores  and  Mineral  Products :  .Metals  and  Metal  Ores ;  Non-Metals.  Part  II,  Tech- 
nology :  Mines  and  Mining;  Mill  and  Milling;  Metallurgy  and  Chemistry;  Power  and 
-Machinery.      Part  III,  Miscellaneous. 

ELECTRIC  LIGHTINQ  AND  MISCELLANEOUS  APPLICATIONS  OF  ELECTRICITY. 

A  Text  Book  for  Technical  Schools  and  Colleges.  By  William 
Suddards  Franklin.  Half  Roan.  8^  x  5^  in.,  illus.,  7  +  299  pp.  New 
York,  The  Macmillan  Company;  London,  Macmillan  &  Co.,  Ltd.,  1912. 
$2.50. 

As  stated  in  the  secondary  title,  this  book  which  is  a  companion  volume  to 
"Dynamos  and  Motors,"  is  intended  as  a  textbook  and  as  an  elementary  treatise 
on  electrical  engineering.  As  such,  little  attention,  it  is  stated,  has  been  given  to 
the  principles  of  design,  the  subject-matter  being  devoted  to  the  purely  physical 
problems  of  operating  engineering.  The  Contents  are:  Installation  and  Operation 
Costs ;  Electric  Distribution  and  Wiring ;  Alternating-Current  Lines  ;  Photometry  ; 
Electric  Lamps,  Lamp  Shades  and  Reflectors  ;  Interior  Illumination  ;  Street  Illumi- 
nation ;  Electrolysis  and  Batteries  ;  Telegraph  and  Telephone  ;  Appendix  A,  Dielectric 
Stresses  ;  Appendix  B,   Problems  ;    Index. 
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OBED  HUSSEY, 

Who,  of  All  Inventors,  Made  Bread  Cheap.  Edited  by  Follett  L. 
Greeno.  Cloth,  7|  x  5^  in.,  illus.,  228  pp.  Rochester,  N.  Y.,  Follett  L. 
Greeno,  1912. 

On  the  title-page  of  this  book,  it  is  stated  that  it  is  "a  true  record  of  his  [Mr. 
Hussey's]  life  and  struggles  to  introduce  his  greatest  invention,  the  reaper,  and 
its  success,  as  gathered  from  pamphlets  published  heretofore  by  some  of  his  friends 
and  associates,  and  reprinted  in  this  volume  together  with  some  additional  facts 
and  testimonials  from  other  sources." 


SWEET'S  CATALGQUE  OF  BUILDING  CONSTRUCTION. 

Architects'  and  Builders'  Edition  for  1913,  Indexed  by  Eirms  Repre- 
sented, by  Products,  and  by  Location;  Together  with  a  Checking  List 
for  Use  in  the  Making  of  Specifications  and  Estimates,  by  William 
Brokaw  Bamford,  M.  Am.  Soc.  C.  E.  Devised,  Compiled,  Edited  and 
Published  Annually  by  The  Architectural  Record  Co.  Cloth,  13^  x 
10  in.,  illus.,  71  +  1  901  pp.  New  York  and  Chicago,  Architectural 
Record  Co.,  1913. 

The  General  Index  to  this  volume'  is  divided  into  three  parts  :  Part  I,  Index 
to  Firms  Catalogued,  which  contains  an  alphabetical  list  of  all  firms  included  in 
the  Catalogue ;  Part  II,  Products  Index,  which  contains  a  list  of  all  the  products 
included  in  the  Catalogue,  arranged  alphabetically,  with  cross-references ;  and 
Part  III,  Geographical  Index,  which  contains  a  list  of  all  the  firms  catalogued,  ar- 
ranged alphabetically  by  cities,  including  each  firm's  main  and  branch  ofllces 
and   agencies. 

Gifts  have  also  been  received  from  the  following: 

Am.  Assoc,   of  Mfrs.  of  Sand  Lime  Prod-  Canada-Dept.  of  Rys.  and  Canals.     6  vol., 

ucts.      4   pam.  3  pam.,  2  maps. 

Am.   Bridge  Co.  of  New  York.      6  pam.  Chicago,    Indiana    &    Southern    R.    R.    Co. 
Am.   Gas.   Inst.      1   bound  vol.  1  pam. 

Am.   Inst,  of  Elec.  Engrs.      1  bound  vol.  Colorado-State  R.  R.  Comm.     2  pam. 

Arizona-Board  of  Equalization.     2  pam.  Commonwealth     Club     of    California.       2 
Assoc,   of  Am.  Portland   Cement  Mfrs.      1  pam. 

pam.  Cumberland  Valley  R.  R.  Co.     1  pam. 

Attleborough,  Mass. -Town  Clerk.     1  pam.  Danvers,  Mass. -Water  Commrs.      ]   pam. 

Australia-Bureau    of    Census    and    Statis-  Durham,  H.  W.     1  pam. 

tics.     1  pam.  J  Florida-Comptroller.      1   vol.,   1  pam. 

Baltimore,    Md.-City   Librarian.      1   bound  Gospel  Trumpet  Co.    3  bound  vol.,  5  pam. 

vol.  Harrisburg,  Pa.-Water  and  Lighting  Dept. 
Baltimore    County,    Md. -Roads    Engr.       1  1  pam. 

pam.  Hartford,  Conn. -City  Clerk.     1  bound  vol. 

Binghamton,    N.    Y.-Water    Commrs.       1  Harvard  Univ.      1  vol. 

pam.  Hawaii-Territorial    Board    of    Health.      1 
Boldi,  Marc  Aurelio.     1  pam.  pam. 

Brazil-Ministerio  da  Viacao  e  Obras  Pub-  Hazen,  Allen.     1  pam. 

licas.     2  vol.  Hilsard.  K.  E.     2  bound  vol. 

Burlington,  Vt.-City  Clerk.     1  bound  vol.  Holyoke,   Mass.-Board  of  Water   Commrs. 
California-Highway  Comm.      1  pam.  1  pam. 

California-State  Conservation  Comm.   and  Idaho-Board  of  Land  Commrs.     2  pam. 

Water  Comm.     1  vol.  Idaho-State  Engr.     1  bound  vol. 

California-State  Forester.      1  pam.  Illinois-Canal   Commrs.      1   bound  vol. 

California-State  Min.  Bureau.     1  pam.  Illinois-Rivers  and  Lakes  Comm.     1  bound 
California-State  Water  Comm.     2  vol.  vol. 

California  Miners'  Assoc.     1  vol.  Illinois-State  Geol.  Survey.     1  bound  vol., 
California,  Univ.  of.     1  pam.  1   map. 

Cambridge,  Mass. -City  Clerk.     1  vol.  Indiana-R.  R.  Comm.     1  bound  vol. 

Cambridge    Univ.    &    Town    Water- Works  Indiana  Univ.     1  vol. 

Co.     1  pam.  Inter.  Waterways  Comm.     1  pam. 

Canada-Comm.  of  Conservation.     1  pam.  Jackson,  D.  D.     1  bound  vol. 

Canada-Dept.  of  Colonization,  Mines,   and  .Tacobs-Shupert  U.  S.  Firebox  Co.     1  pam. 

Fisheries.      1  pam.  Lake  Erie  &  Western  R.  R.  Co.     1  nam. 

Canada-Dept.  of  Marine  and  Fisheries.     2  Lake  Shore  &  Michigan  Southern  Ry.  Co. 

pam.  1  pam. 

Canada-Dept.  of  Mines.     1  vol.,  2  pam.  Lehigh  Coal  &  Navigation  Co.     1  pam. 
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Long  Island  R.  R.  Co.     1  pam. 
Los  Angeles,  Cal.-City  Auditor.     1  pam. 
Louisiana-Uoard  of  State  Engrs.     3  pam. 
Louisiana  State  Univ.     1  pam. 
Maine-Forest  Commr.     1  bound  vol. 
Maine-R.  R.  Commrs.     1  bound  vol. 
Maine  Soc.  of  Civ.  Bngrs.     1  pam. 
Maryland-Public  Service  Comm.     1  bound 

vol. 
Massachusetts-Directors    of    the    Port    of 

Boston.      1   pam. 
Mexico- Secrotaria   de   Communicaciones   y 

Obras  Publicas.     3  vol. 
Michigan-State  Highway  Commr.    1  bound 

vol. 
Minnesota-State  Forester.     1  bound  vol.,  1 

pam. 
Mississippi  River  Power  Co.     1  pam. 
New   Bedford,  Mass. -Water  Board.    1  pam. 
New  Hampshire-Public  Service  Comm.     1 

bound  vol. 
New  York  City-Art  Comm.     1  bound  vol. 
New  York  City-Board  of  Water  Supply.    1 

bound  vol. 
New  York  City-Bureau  of  Bldgs.     1  pam. 
New  York   City-Dept.   of   Docks   and   Fer- 
ries.     4    pam. 
New  York- State    Conservation    Comm.      1 

bound  vol. 
New   York    State-Watkins    Glen    Reserva- 
tion  Comm.      1   pam. 
New  York  Central  &  Hudson  River  R.  R. 

Co.   1  pam. 
North  Carolina-State  Board  of  Health.     1 

vol. 
Ohio  State  Univ.     3  pam. 
Oklahoma-Geol.  Survey.     6  pam. 
Omaha,  Nebr.-City  Comptroller.     1  pam. 
Oregon-State  Board  of  Health.     1  pam. 
Pennsylvania-Water     Supply     Comm.       1 

pam. 
Perth.  Australia-City  Clerk.     5  pam. 
Philadelphia,   Pa.-Free  Library.    2   bound 

vol. 
Pittsburgh,    Pa.-Dept.    of    Public    Works. 

1  vol. 
Pittsburgh  &  Lake  Erie  R.  R.  Co.     1  pam. 
Pob"technic  Inst,  of  Brooklyn.     1  pam. 


Rhode  Island-Chf.  Factory  Insp.     1  pam. 
St.   Louis,    aMo.- Public    Service   Comm.      2 

bound  vol. 
Salem,   Mass. -Water   Dept.      1   pam. 
Smithsonian  Institution.     -1  pam. 
Soc.  of  Constructors  of  Federal  Bldgs.     11 

pam. 
Southend  Waterworks  Co.     1  pam. 
Southern    Pacific    Co.      1    pam. 
Stearns,  F.  P.     1  pam. 

Switzerland-Landeshydrographle.     1  pam. 
Toledo  &  Ohio  Central  Ry.  Co.     1  pam. 
Traveling  Engrs.  Assoc.     5  bound  vol. 
Tyrrell,  Henry  Grattan.     1  pam. 
U.  S. -Bureau  of  Mines.     3  pam. 
U.  S. -Bureau  of  Standards.  2  pam. 
U.  S. -Bureau  of  Statistics.     1  pam. 
U.  S. -Census  Bureau.     2  bound  vol. 
U.  S.  Chf.  of  Engrs.     6  bound  vol.,  1  vol  , 

3  pam.,  16  specif. 
U.  S.-Chf.   of  Ordnance.      1    bound  vol.,   1 

pam. 
U.  S. -Coast  and  Geodetic  Survey.     2  pam. 
U.  S. -Commr.  of  Corporations.     1  pam. 
U.  S. -Forest  Service.     1  pam. 
U.  S.-Geol.  Survey.     2  bound  vol. 
U.  S. -National  Museum.     1  bound  vol. 
U.  S.- Naval  Observatory.     1  bound  vol.,  1 

pam. 
U.  S.-Navy  Dept.     1  pam. 
U.  S.-Offlce  of  Public  Roads.      1  pam. 
U.  S. -Reclamation  Service.     21  pam. 
U.  S. -Surgeon-General.       1    bound    vol.,    1 

vol. 
U.   S.   Steel  Corporation.     1   pam. 
Vermont-State   Board  of  Health.   1  bound 

vol. 
Virginia-Bureau  of  Labor  and   Industrial 

Statistics.     1  bound  vol. 
Virginia-Commr.  of  Health.     1  pam. 
Waltham,  Mass.-W&.ter  Dept.     1  pam. 
Western  Canada  Irrig.  Assoc.     1  pam. 
Wilkerson,  T.  J.     1  vol. 
Wilmington,  Del. -Board  of  Park  Commrs. 

1  pam. 
Woonsocket,  R.  I. -Water  Commrs.     1  pam. 
Worcester  Polytechnic  Inst.      1  vol. 
Yale  Univ.      1  vol. 


BY  PURCHASE 

Annates  des  Mines  ou  liecueil  de  Memoires  sur  I'Exploitatiou  dea 
Mines  et  sur  les  Sciences  et  les  Arts  qui  s'y  Rattachent.  Publies  sous 
I'Autorisation  du  Ministre  des  Travaux  Publics  des  Postes  et  des 
Telegraphes.     II.  Dunod  et  E.  Pinat,  Paris,  1907. 

Olmotoren  in  Viertakt=  und  Zweitaktbauart :  Entwurf,  Berechnung 
und  Bau  der  LeichtiUniotoren,  Gliihkopfmotoren,  Hochdruckmotoren 
(Diesel  u.  a.)  ferner  Motorlokomobilen,  Scliiffs-  und  Automobil- 
motoren,  Motorlokomotiven,  Triebwagen,  Luftschiffsmotoren.  Yon  H. 
Haeder.     2  Vol.     Otto  Ilaeder,  Wiesbaden,  ll)l-2. 

Coal :  Its  Composition,  Analysis,  Utilization  and  Valuation.  By 
E.  E.  Somermeir.     McGraw-Hill  Book  Co.,  New  York  and  London,  1912. 

The  American  Year  Book :  A  Record  of  Events  and  Progress,  1912. 
Edited  by  Francis  G.  Wickware  Under  Direction  of  a  Supervisory  Board 
Representing  National  Learned  Societies.  D.  Appleton  and  Co.,  New 
York  and  Loudon,  1913. 
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The  New  City  Qovernment,  A  Discussion  of  Municipal  Adminis- 
tration Based  on  a  Survey  of  Ten  Commission  Governed  Cities.  By 
Henry  Brufere  and  William  Sheperdson,  Cooperating  in  the  Collection 
and  Tabulation  of  Material  Respecting  Commission  Government. 
D.  Appleton  and  Co.,  New  York  and  London,  1912. 

German  VarnJsh=Making.  By  Max  Bottler.  Authorized  Translation 
with  Xotes  on  American  Varnish  and  Paint  Manufacture,  by  Alvah 
Horton  Sabin.     John  Wiley  &  Sons,  New  York  and  London,  1912. 

The  Graphic  Method  of  Influence  Lines  for  Bridge  and  Roof 
Computations.  By  William  II.  Burr  and  Myron  S.  Falk.  Third  Edition. 
John  Wiley  &  Sons,  New   York  and  I^ondon,  1912. 

The  Design  and  Construction  of  Steam  Turbines,  A  Manual  for 
the  Engineer.  By  Harold  Medway  Martin.  Longmans,  Green  and  Co., 
New  York  and  London.   I9l:5. 

Methods  of  Measuring  Electrical  Resistance.  By  Edwin  F. 
Northrup.     McGraw-Hill  Book  Co.,  New  York  and  London,  1912. 

Motor  Car  Construction :  A  Practical  Manual  for  Engineers, 
Students,  and  Motor  Car  Owners,  with  Notes  on  Wind  Resistance 
and  Body  Design.  By  Robert  W.  Brewer.  D.  Van  Nostrand  Company, 
New  York  ;  Crosby  Lockwood  an^d  Son,  London,  1912. 

Concentrating  Ores  by  Flotation,  Being  a  Description  and  History 
of  a  Recent  Metallurgical  Development,  Together  with  a  Summary  of 
Patents  and  Litigation.  By  Theodore  J.  Hoover.  Mining  and  Scien- 
tific Press,  San  Francisco  ;  The  Mining  Magazine,  London,  E.  C,  1912. 

Der  Bisenbau :  Ein  Hilfsbuch  fiir  den  Briickenbauer  und  Eisenkon- 
strukteur.  Von  Luigi  Vianello.  In  zweiter  Auflage  umgearbeitet  und 
erweitert  von  Carl  Stumpf.     R.  Oldenbourg,  Miinchen  und  Berlin,  1912. 

Die  Eisenbetonliteratur  bis  Ende  1910:  1,  Inhalts-Verzeichnis  der 
Zeitschrift  Beton  u.  Eisen  1901  bis  1909  ;  2,  Schlagwortverzeichnis  zum 
Handbuch  fiir  Eisenbetonbau  ;  8,  Zeitschriftenschau  dergesamten  Eisen- 
betonliteratur bis  Ende  1910.  By  Richard  Hoffmann.  Wilhelm  Ernst 
&  Sohu,  Berlin,  1911. 

Forscherarbeiten  auf  dem  Qebiete  des  Eisenbetons  :  Beitrag  zur 
Berechnung  der  kreuzweise  bewehrten  Eisenbetonplatten  und  deren 
AufnahmetrJiger.  Von  Arturo  Danusso.  Heft  21.  Wilhelm  Ernst  & 
Sohn,  BerUn,  1913. 

Handbuch  der  Ingenieurwissenschaften  :  Fiiufter  Teil.  Der  Eisen- 
bahnbau  ;  Betriebseinrichtungen.  Von  S.  Scheibner,  F.  Loewe  und 
n.  Zimmermann.  Sechster  Baud.  3  Vol.  Wilhelm  Engelman,  Leipzig, 
1913. 
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Donations  (including  12  duplicates) 270 

By  purchase 18 

Total 288 
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MEMBERSHIP 

ADDITIONS 

(Fn.m   ^larch  Tth  to  April  3(1,   1913) 

MEMBERS  Membership. 

Ames,  \\ii.i,i.\m  (iooDSON.     C'lif.  Engr.,  Smith  &  Davis,  514 

honja  del  Coniercio.  Havana,   Cuba Mar.      4,  191.3 

Andkksex,  IIkkman  Pkteu.  Dist.  Sales  Mgr.,  The  Good 
Roads  Machinery  Co.,  1515  City  Hall  Sq.  I'.ldg., 
Chicago,    111 Mar.      4,   1913 

Bakr.  John  Toner.  Contr.  Engr.,  237  Fourtli  Ave,  Pitts- 
burgh,   Pa Mar.      4,   1913 

I'.uoMFiELn,  Davenport.  Engr.,  San  Carlos  Park  Syndi- 
cate;  City  Engr..  San  Mateo,  Cal Oct.        1.   1912 

CuLGULix.  Wii.i.iAM  GoDLEY.     Supt.,  Renovo  Div.,  p.  R.,  K., 

Renovo,   Pa Mar.      4,   1913 

)   Jun.  Dec.       5.   1905 

Crane,    Joseph    Spencer.      Cons.    Engr..  207   f  ^^^^^    ^j      j^^^       4^  ^^08 
Market   St.,   Newark,  N.  J i^  ^^  j.^^^        -    ^^^3 

Di  N.NELLS,  Clifford  George.    Associate  Prof.,  "] 

Head  of  Dent,  of  Bldg.  Constr.,  School    I    '^""-  ^^^-       "^^  ^^^^ 

,.,,.,   T    ,.•        n  ■     T     ^.      f    [  Assoc.  M.     Jan.       2,   1907 

ot  Applied  Industries.  Carnegie  Inst,  of 

T    11          T3-.+  I        V,    T>  M-  Mar-      4.   1913 

lechnology,  Pittsburgh,  Pa ] 

Felton,  William  Reid.     Dist.  Engr.,  C,  M.  &  St.  P.  Ry.. 

Lonetree,  Mont Mar.      4.  1913 

Gardner.     Randall    Dunbar.      Asst.     Engr.,   "] 

Bridge  and  Ferry  Div.,  Dept.  of  Public    ]  Assoc.  M.     May       1,   1907 


Works,    Room   60.     City   Hall.     Boston,    [  M.  Mar.      4.   1913 


,    [ 

Mass 
Giesecke,  Friederich  Ernst.     Univ.   of  Texas,  University 

Station,  Austin,  Tex Mar.      4.   1913 

Grant,  Kenneth  Crothers.     With  Pittsburgh  \    ^g^^^^    j^j      ^eh.       2,  1909 

Flood   and  City   Planning  Commissions,   v  ,,  ^r  ,     imn 

■^ ,                         .     „  f  M.  Mar.      4.   1913 

1808  Arrott  Bldg.,  Pittsburgh,  Pa ,.    ) 

Howard.  Ernest  Emmaniel.      Associate  Engr.,  \    Jun.  Dec.       3.   1901 

Waddell   &■  Harrington,   1012   Baltimore  I  Assoc.  M.     Sept.      6.   1905 
Ave.,   Kansas   City,   Mo j    M.  Mar.      4.   1913 

Jackson,  Edward  Sherman.  Supt.  and  Chf.  Engr..  Milner 
&  North  Side  B.  R..  and  Supt..  Idaho  Soutliern  R.  R.. 
Gooding,   Idaho ilar.      4.   1913 

Morgan,  Arthur  Ernest.     Pres.,  Morgan  Eng.  ^   ^^^^^    ^^  ^    ^^^^ 

Co..  008  (ioodwyn  Inst.  Bldg..  Memphis.   >■  j^j_      *       '     j^^r.      4.   1913 
Tenn ) 

Pattison,  Hugh.  Elec.  Engr.,  The  Chicago  Assoc,  of  Com- 
merce, Committee  of  Investigation  on  Smoke  Abate- 
ment and  Electrification  of  Ry.  Terminals,  1333 
Peoples  Gas  Bldg..  Chicago,  111 Mar.      4,   1913 
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MEMBERS    (Continued)  ^.^^J-°°S 

Membership. 

Piix,  John  Richards.     Pies.,  Birminoham  Fuel   )    ,  at      t:^  i         ■?    i  nn« 

'  I   Assoc.  M.     Feb.       7,   190O 

Co.;    Gen.    Mgr.,    Corona    Coal    &    Iron  V     ,  ^^    .       a     1913 

Co.,  Corona,  Ala ) 

POLHAMUS,    Royal   Albert.      Care,    Dominion    Bridge    Co., 

Montreal,  Que.,  Canada Jan.       7,  1913 

Rhodin,  Carl  Jonas.     Care,  J.  G.  White  &  Co.,  Inc.,  509 

Alaska  Commercial  Bldg.,  San  Francisco,  Cal Dec.       3,  1912 

Ripley,  Blair.     Engr.,  Grade  Separation,  C.  P.    ^   ^^^^^    ^^      ^p^.^^     ^^   joqs 

Ry.,    262    Avenue    Rd.,    Toronto,    Ont.,    '.  ^  ^^^       ^    ^g^g 

Canada j 

RoTHRocK,  William  Powell.    Engr.  of  Erection,  Fort  Pitt 

Bridge   Works   of   Pittsburg,    Pa.,    510   House   Bldg., 

Pittsburgh,  Pa Mar.      4,  1913 

RouRKE,   Joseph   Aloysius.      Mech.    Engr.,   High   Pressure 

Fire  Service,  Public  Works  Dept.,  743  Tremont   St., 

Boston,    Mass Mar.      4,  1913 

Schade,   Charles   George.     Prin.    Asst.   Engr.,    Fort    Pitt 

Bridge  Works  of  Pittsburg,   Pa.,  215  Smithfield  St., 

Canonsburg,   Pa Mar.      4,  1913 

associate  members 

Adelhelm,  William  Thomas.  Asst.  Engr.,  Eng.  Dept., 
Belmont  Iron  Works,  2526  South  Colorado  St.,  Phila- 
delphia, Pa Mar.      4,  1913 

Begg,  Robert  Burns  Haldane.     Prof,  of  San.  and  Hydr. 

Eng.,  Univ.  of  Kansas,  Lawrence,  Kans Mar.      4,   1913 

Cole,    Ernest   Delevan.      511    East    Chestnut  )    Jun.  Oct.      31,   1911 

Ave.,  Santa  Ana,  Cal [   Assoc.  M.     Feb.       4,  1913 

Cook,  Richard  Bailey.  Engr.  and  Asst.  to  Pres.,  The 
General  Crushed  Stone  Co.,  also  Amies  Rd.  Co., 
Easton,  Pa Mar.      4,  1913 

Farbington,  Harold  Phillips.     Engr.,  Viele,  )    ^  .      .,     ^    ,„,^ 

Blackwell    &    Buck,    49    Wall    St.,    New  I  l"""      ,,      f /"'     ';   ^^ 
,,     ,    ^.,  C  Assoc.  M.     Mar.      4,   1913 

York  City ) 

Frost,  Willis  George.     Res.  Engr.,  California  )    ^  _  ^    ,„,, 

„.   ,  ^,  T^    ^    T,       on-,    TT     1  1      [    Jun.  Dec.       5,   1911 


Highway  Comm.,  P.  O.  Box  262,  Healds-   ,     .  ,,      ,,  ,     ,„,„ 

°        /.  ,  [    Assoc.  M.     Mar.      4,   1913 

biiig,    Cal . 

Fulcher,  Ray  Edgar.     Care,  Sanderson  &  Porter,  Sonora, 

Cal Mar.      4,1913 

Goldsmith,  William.     With  Cons.  Engr.'s  Office,  Borough 

of  Manhattan,  203  West  122d  St.,  New  York  City.  .  .      Mar.      4,   1913 

Gray,    Harry   Matt.      Res.    Engr.,   Hazen    &    Whipple,    21 

Balding  Ave.,   Poughkeepsie,  N.  Y Mar.      4,  1913 

Greeley,  Samuel  Arnold.     Asst.  Engr.,  Sewage  )  ^  ^,  ^    ,„^„ 

TT,'  1    Tx-        o         r^-  4.       f    r^u-  J""-  Feb.  5,   1907 

Disposal    Div.,    San.    Dist.    of    Chicago,  V  .  ,^  ,,  .    ,^,„ 

„,.       ,,       ^„  C  Assoc.  M.  Mar.  4,   1913 

Winnetka,  111 1 
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ASSOCIATE  MiiMBEUS    (Continued)  Date  of 

Membership. 
Haumun,  Ivan  Guy.    Care,  Mereantik"  Trust  Co.,  St.  Louis, 

Ml) Dec.  3 

Heyman,  William.     i(2o  Montgomery  St.,  Jer-   |    Jun.  June  30 

sey  City,  N.  J r   Assoc.  M.  Mar.  4 

Flow  AKi),  John  Wakdwell.     Instr.  in  Civ.  Eng.,  Mass.  Inst. 

of  Tech.,   Boston,   Mass Mar.  4 

Kesxer,   Henry   James.      Asst.    I'rof.   of   Civ.  i    , 

T^  T-   •  i;    ^1  IT  ,.•        .1  r    Jun.  Dec.       G 

Eng.,     Liiiv.    of    Calif onna.     Civ.     Kng.  ',    . 

„,,„,,_,,  °  1    Assoc.  M.     Mar.      4 

Bldg.,  Berkeley,  Cal ) 

KiNGSLEY,  Charles  Brown.     82  King  St.,  East,  Toronto, 

Ont.,  Canada Mar.      4 

Logan,  Hal  Helm.     504  Empire  Bldg.,  Denver,  Colo Mar.      4 

Macomber,    Stanley.      City    Engr.,    City    Hall,    Centralia, 

Wash Mar.      4 

McCroby,  Thomas  (4eokue.     Engr.-in-Chg.,  In-  \    ^  ^            , 

to               &  J   Jun.  Dec.       1 

ternational    Contract    Co.,    501    Central  l    .  ,,      ^^ 

tjij       c     ^^1      AA-     u  C  Assoc.  M.     Mar.      4 

Bldg.,  Seattle,  Wash j 

Mahon,  John  Montgomery',  Jr.    Asst.  Engr.,  Pennsylvania 

Dept.  of  Health,  219  Walnut  St.,  Harrisburg,  Pa Mar.      4 

MiETH,  Richard  Elam.    Mgr.,  Portland  Bridge    )   Jun.  May       1 

Co.,   1125  Yeon  Bldg.,  Portland,  Ore...    \    Assoc.  M.  Mar.      4 

Okes,  Day  Ira.     Chf.  Engr.,  The  Kettle  River   J  Ml 

Cor,    2700    Pillsbury    Ave.,    Minneapolis,    I    .      '      ,.      ,, 

•'                              '  r  Assoc.  M.     Mar.      4 

Minn ) 

Paine,  Paul  McClary.     Engr.  and  Asst.  Supt.,  Honolulu 

Consolidated  Oil  Co.,  Fellows,  Cal Mar.      4 

Pani,  Arturo.  Chf.  of  Dept.  of  Public  Works,  Govt.  Min- 
istry of  Communications  and  Public  Works,  5*  del 
Fresno  No.  184,  City  of  Mexico,  Mexico Mar.       4 

Sanger,    Walter    Max.      Engr.,    George    M.   )   ^  nr  - 

.       ,        ,  I  Jun.  May  o 

Jones     Coal     Co.,     635     Lincoln     Ave.,    I    .  nr  T.r  a 

C  Assoc.  M.  Mar.  4 

Toledo,  Ohio ) 

Seibert,    Percy   Allen.     Mgr.    and    Legal    Representative, 

Andes  Tin  Co.,  Casilla  No.  378,  La  Paz,  Bolivia Jan.       7 

Smith,  Clarence  Urling.     Res.  Engi.,  C,  M.    ^    ,  g     ,       ^ 

&  St.  P.  Ry.,  P.  O.  Box  23,  Chanhassen,        ^^_  ^      ^^^;     \ 

Minn ) 

Smith,  Harold  Garfield.     Room  (505,  Deseret  News  Bldg., 

Salt  Lake  City,  Utah Feb.       4 

Stevenson,    James    Cummin.      Supt.    of    Constr.,    H.    L. 

Stevens    &    Co.,    Main    Ave.    and    Houston    St.,    San 

Antonio,  Tex Mar.      4 

Whitham.   Paul  Page.     Chf.  Engr.,  Port  of   Seattle,   843 

Central  Bldg.,  Seattle,  Wash Oct.       1 

Young,    Oliver    Earle.      Care,    Amalgamated  )    Jun.  June      6 


Phosphate  Co.,  Chicora,  Fla \    Assoc.  M.     Mar.      4 
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JUNIORS  Date  of 

Membership. 

Bates,  Clarence  Myers.  Res.  Engr.,  Waddell  &  Harring- 
ton, Cor.  11th  St.  and  St.  Paul  Ave.,  Tacoma,  Wash.      Feb.       4,  1913 

Brown,   Earl  Daniel.     2164   Forty-second  Ave.,   Oakland, 

Cal ' Oct.        1,   1912 

Drury,     William     Fisher.       Engr.-in-Chg.,    Veazie     Dam, 

for  Bangor  Power  Co.,  Box  261,  Orono,  Me Mar.      4,  1913 

Eurich,  Richard  Henderson.     144  Union  St.,  Montclair, 

N.J Mar.      4,1913 

Greene,  Robert  Nesbitt.     Engr.  for  S.  H.  McKenzie,  Box 

375,    Southington,   Conn Mar.       4,  1913 

Guillemette,  Joseph  Dydeme.     434  Rebecca  Ave.,  Wilkins- 

burg,    Pa Oct.      29,  1912 

Howard,  Cecil  Ward.  Care,  Wells  Bros.  Constr.  Co.,  Cin- 
cinnati,   Ohio Jan.       7,   1913 

Partridge,  John  Frederick.     Escalon,  Cal Feb.       4,  1913 

Schroeder,   Seaton,  Jr.     Care,  Barclay  Parsons  &  Klapp. 

Altmar,    N.    Y Mar.      4,   1913 

Shields,  James  Ralph.  Asst.  in  Testing  Laboratory, 
Univ.  of  California,  2119  McKinley  Ave.,  Berkeley, 
Cal Oct.        1,   1912 

Stava,  William,     Box  480,  Escalon,  Cal Feb.       4,  1913 

Steinhauser,  Harry  Herivjan.  Asst.  to  Engr.-in-Chg.  of 
Hydraulics,  Rochester  Ry.  &  Light  Co.,  34  Clinton 
Ave.,  N.,  Rochester,  N.  Y Feb.       4,   1913 

Tate,    Robert    L'Hommediei.      Care.    Hydro-Elec.    Co.    of 

W'.  Va.,  Bruceton  Mills,  W.  Va Mar.      4,   1913 
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Andros,  Frederic  William.     718  Calle  Agustinas,  Santiago,  Chili. 

Arthur,  Howard  Elmer.     Stearns,  N.  C. 

Atwood,  Thomas  Clabk.  Div.  Engr.,  Dept.  of  Water  Supply,  Gas,  and 
Electricity,  13  Park  Row,  New  York  City  (Res.,  8  Amackassin  Ter- 
race, Yonkers,  N.  Y.). 

AuciiiNCLOss,  William  S.     Atlantic  Highlands,  N.  J. 

Bland,  John  Carlisle.  Engr.  of  Bridges,  Penn.  Lines  West  of  Pitts., 
Room  1115,  Pennsylvania  Station,  Pittsburgh,  Pa. 

BoNSTOW,  Thomas  Lacey.  With  S.  Pearson  &  Son,  Sucesores,  S.  A., 
Apartado  68,  Puerto  Mexico,  Ver.,  Mexico. 

Bryant,  Byron  Harkness.  Care,  W.  B.  Bryant,  6708  Lakewood  Ave., 
Chicago,  111. 

Budge,  Enrique.     104  Avenue  Kleber,  Paris,  France. 

Burrowes,  Harry  Gilbert.     Cons.  Engr.,  Pittsville,  Pa. 

Byers,  Maxw^ell  Cunningham.  Asst.  to  the  Pres.,  G.  N.  Ry.,  655  Good- 
rich Ave.,  St.  Paul,  Minn. 
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C'oT>E,  Wii.i.iA.M  W'kkdkn.  Mj^r.  of  Utilitios  Dcpl..  Dodge  &  Day,  611  Chest- 
nut St..   riiiladelphia.  Pa. 

Eux.sT.  Oswald  Heuhkut.  Brig.-Gen.,  U.  S.  A.  (Retired)  ;  Chairman,  Am. 
Section,  International  Waterways  Comm.,  1821  Connecticut  Ave.. 
Washington,  D.  C. 

EssELSTYN,  Horace  Hovev.  Constr.  Engr.,  The  Edison  Illuminating  Co., 
67  Kenilworth  Ave.,  Detroit,  Mich. 

Fessenden,  Ralph  Setii.     1002  North  20th  St.,  Boise.  Idaho. 

Fox,  JoHX  Angeix.  Seoy.-Mgr.,  Mississippi  River  Levee  Assoc,  416 
Scimitar  BIdg.,  Memphis,  Tenn. 

Harding,  Chester.  Maj.,  Corps  of  Engrs.,  U.  S.  A.,  District  Bldg.,  W'ash- 
ington,  D.  C. 

Hayt.  Robert  Olcott.     Corning,  N,  Y. 

Herbert,  Harry  Monmouth.     Cons.  Engr.,  Bound  Brook,  N.  J. 

HoGLE,  Chester  James,     Elton  Court,  Portland,  Ore. 

Howard,  Charles  Pope.  Cons.  Engr.  (Howard  &  Roberts),  1662  Transpor- 
tation Bldg.,  Chicago,  111. 

JvDSON,  William  Voorhees.  Col.,  ('orps  of  Engrs.,  U.  S.  A,,  Care,  Col. 
Goethals,  Culebra,  Canal  Zone,  Panama. 

Eaub,  Hermann.     Cons.  Engr.,  611  Keystone  Bldg.,   Pittsburgh,  Pa. 

Maclay,  Edgar  Gleim.  (Central  Contr.  Co.),  421  Beatty  Bldg.,  Houston. 
Tex. 

McGonigle,  Charles  Joseph.  Cons.  Structural  Engr..  815  Chamber  of 
Commerce  Bldg.,  Portland,  Ore. 

Matheson,  Ernest  George.    Coquitlam,  B.  C,  Canada. 

MoLiTOR,  David  Albert.  Care,  Toronto  Harbor  Commrs.,  76  Adelaide  St., 
^^'est,  Toronto,  Ont.,  Canada. 

Moody,  Burdett.  Chf.  Engr.,  Water  Dept.,  72  North  Fair  Oaks  Ave., 
Pasadena.  Cal. 

Nichols,  Edwin  Jay.  Asst.  Engr.,  St,  Louis,  Southwestern  Ry.,  424  West 
Ferguson  St..  Tyler,  Tex. 

Nichols,  Walter  Swain.     717  Walnut  St.,  Philadelphia,  Pa. 

Phillips.  Arthur  Louis.     Asst.  Div.  Engr.,  Tela  R.  R.,  Tela.  Honduras. 

Polleys,  William  Vaughan.  Care,  The  Hibbard  Co.,  Ltd.,  Fredericton,  N. 
B.,  Canada. 

Reed,  Wendell  Monroe.  Chf.  Engr.,  U.  S.  Indian  Irrig.  Service.  Wash- 
ington, D.  C. 

Richardson,  Clifford.  Cons.  Engr.,  Room  1615,  Woolworth  Bldg..  New 
York  City. 

Roberts.  Shelby  Saufley.  Cons.  Engr.,  Care,  Howard  &  Roberts,  Room 
1662,   Transportation   Bldg..   Chicago,   III. 

RosENCBANS,  WiLLiAM  Henrv.  Cons.  Engr.,  .30  North  La  Salle  St.,  Chi- 
cago, 111. 

RuGGLES,  William  Burroughs.     4518  Sixteenth  Ave.,  N.  E.,  Seattle,  Wash. 

Shaw,  Enos  Larkin.     1642  Monadnock  Blk.,  Chicago,  111. 
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Stein,  Charles  Henry.  Engr.,  M.  of  W.,  C.  R.  R.  of  N.  J.,  69  Danforth 
Ave.,  Jersey  City,  N.  J. 

Stickle,  Horton  Whitefield.  Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Wihnlng- 
ton,  N.  C. 

Stubbs,  Linton  Waddell.     G57  Herndon  Ave.,  Shreveport,  La. 

SwiNDLEHURST,  Harold  Lionel.  Shire  Engr.,  Goulburn  City,  New  South 
Wales,  Australia. 

Taylor,  Samuel  Alfred.  Cons.  Civ.  and  Min.  Engr.,  5th  Floor,  2d  Na- 
tional Bank  Bldg.,   Pittsburgh,  Pa. 

Walsh,  George  Scherzer.  Vice-Pres.  and  Mgr.,  Sanibenigno  Mines  &  Es- 
tates Co.,  Anori,  Colombia. 

Watson,  Wilbur  Jay.     1150  Leader  Bldg.,  Cleveland,  Ohio. 

ZlESiNG,  August.     Pres.,  Am.  Bridge  Co.,  72  West  Adams  St.,  Chicago,  111. 

associate  members 

Alderson,  William  Howard.     Care,  F.  H.  Taylor,  937  Leland  Ave.,  Chi- 
cago, 111. 
Archer,  Augustus  Rowley.     St.  John's  Rd.,  Watford,  Herts,  England. 
Baldridge,   James   Ramsey.     Care,   Irwin  &  Leighton,    126   West   12th   St., 

Philadelphia,  Pa. 
Beeson,  Alexander  Conn.     150  East  Maiden  St.,  Washington,  Pa. 
Bishop,  Lyman  Edgar.     Care,  Tlie  Goldsborough   Co.,   514   First  National 

Bank  Bldg.,  Denver,  Colo. 
Black,  Edward  Fryling.     Engr.,  Sanderson  &  Porter,  52  William  St.,  New 

York  City. 
Brainard,  Normand  Daggett.     1031  West  Woodruff  Ave.,  Toledo,  Ohio. 
Burkett,  Joseph  Miller.     Carey  Act  Engr.,  State  of  Idaho,  Oakley,  Idaho. 
Burton,  Wayne  Joseph.     Asst.  Engr.,  Office  of  Engr.,  M.  of  W.,  Mo.  Pac. 

Ry.,  627  Midland  Bldg.,  Kansas  City,  Mo. 
Butler,    Millard   Angle.      Locating   Engr.,    Montana    Eastern    Ry. ;    Asst. 

Engr.,  G.  N.  Ry,  Circle,  Mont. 
Closson,   Edgar   Stone.      Town    Engr.    (Res.,    5    Belvidere   PI.),   Montclair, 

N.  J. 
Clough,  Albert  Haskell.     Supt.  of  Constr.   for  T.   K.  Beard  Co.,   South 

San   Joaquin   Irrig.   Canal,    1291   Pine   St.,   San   Francisco,    Cal. 
Collins,  Wales  Smith.     2247  West  34th  Ave.,  Denver,  Colo. 
Cook,  Paul  Darwin.     513  United  Bank  Bldg.,  Sioux  City,  Iowa. 
Cooper,  Kenneth  Farra.     Gen.  Mgr.,  Am.  Cyanamid  Co.,  528  Ellicott  Sq., 

Buffalo,  N.  Y. 
Corlett,    Bertram    Edwin.      224    South    Ry.    St.,    Medicine    Hat,    Alberta, 

Canada. 
Dann,  Alexander  William.     Box  404,  Vicksburg,  Miss. 
Dater,  Philip  Herrick.     Dist.  Engr.,  Forest  Service,  Beck  Bldg.,  Portland, 

Ore. 
Demorest,  George  Myron.     College  Hill,  Beaver  Falls,  Pa. 
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ASSOCIATE   MEMISERS    (Cotltinued) 

Dessery,  Fu)YD  tJossETT.  Civ.  and  Hydr.  Engi.,  Room  511,  Central  Bldg., 
Los  Angeles,  Cal. 

l^ow,  William  Ghear.     Care,  Hardaway  Contr.  Co.,  Whitney,  N.  C. 

Easterbrooks,  Preston  Burt.  Room  Oil,  Confederation  Life  Bldg.,  Win- 
nipeg, Man.,  Canada. 

Elliott,  Malcolm.  Junior  Engr..  U.  S.  Engr.  Office,  Box  72,  Louisville, 
Ky. 

Ellis,  Guernsey  William.  Special  Agt.,  Penn  Mutual  Life  Insurance  Co., 
905  Ellicott  Sq.,  BufTalo,  N.  Y. 

Farnham,  Charles  Henry.  Engr.  in  Chg.,  Track  Constr.,  Pernambuco 
Tramways,  Care,  J.  G.  White  &  Co.,  Ltd.,  Pernambuco,  Brazil. 

Goodman,  Harry  Minott.     1410  Milvia  St.,  Berkeley,  Cal. 

Gustafson,  Gustaf  Edward.  With  E.  C.  &  R.  M.  Shankland  1100  The 
Rookery    (Res.,   1229  Addison  St.),  Chicago,  111. 

Hancock,  Henry  Sydney,  Jr.  Cons.  Engr.,  10  Hastings  St.,  East,  Van- 
couver, B.  C,  Canada. 

Harrington,  Allan  Collins.  Gen.  Mgr.,  Marquette  County  Gas  «&  Elec. 
Co.,  Ishpeming,  Mich. 

Hartung,  Paul  August.     513  Shukert  Bldg.,  Kansas  City,  Mo. 

Healey,  Charles  Frank.  Dist.  Engr.,  C,  M.  &  P.  S.  Ry.,  1516  South  9th 
St.,  Tacoma,  Wash. 

Heer,  William,  Jr.     Pennington,  Ala. 

Hilton,  Joseph  Churchill.  Secy.,  Mason,  Hilton  &  Co.,  Contrs.,  17  Battery 
PL,  New  York  City. 

Hood,  Hugh  Kendall.     Res.  Engr.,  Hardaway  Contr.  Co.,  Whitney,  N.  C. 

Hood,  Joseph  Nelson.  Care,  Davis  &  Davis,  14  St.  Peter  St.,  Quebec,  Que., 
Canada. 

Howell,  Cleves  Harrison.     1002  Gas  Bldg.,  Denver,  Colo. 

Hunting,  Eugene  Nathan.  Archt.  and  Engr.  (The  Hunting  Davis  Co.), 
Century  Bldg.,  Pittsburgh,  Pa. 

Johnson,  Rankin.     Huntington,  N.  Y. 

Lafler.  William  Arthur.  Cons.  Engr.,  411  Chamber  of  Commerce  Bldg., 
Rochester,  N.  Y. 

I.A.NGLOis,  Amedee.     152  Osgoode  St.,  Ottawa,  Ont.,  Canada. 

Lawson,  Lawrence  Milton.  Asst.  Engr.,  U.  S.  Reclamation  Service,  El 
Paso,  Tex. 

Mefm,  James  Lawrence.     Pres.,  Meem  &  Kinnier,  Inc.,  Jonesboro,  Tenn. 

MoFFATT,  BuRNAM  A.  Pres.,  The  Moffatt  Co.,  225  Fifth  St..  Room  807,  Des 
Moines,  Iowa. 

Moody,  Joseph  Elbert.  With  Hurley-Mason  Co.,  Engrs.  and  Contrs.,  Sher- 
wood Bldg.,  Spokane,  Wash. 

Murray,  Clare  Deloss.     Care,  Utah  Power  &  Light  Co.,  Grace,  Idaho. 

Nash,  Frank  Dana.  Locating  Engr.,  Pan-American  Ry.,  Durazno,  Uru- 
guay- 

Oakley,  George  Israel.    Little  Falls,  N.  Y. 
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OsBOURN,  Henry  Van  Btjren.  Insp.,  Bureau  of  Highways  (Res..  805  East 
Wa.shington  Lane),  Philadelphia,  Pa. 

Pendleton,  David  Elliott.     Room  67  Dearborn  Station,  Chicago,  111. 

Roach,  James  Howard.  Asst.  Engr.  of  Constr.,  The  L.  S.  &  M.  S.  Ry.,  11512 
Aslibury  Ave.,  Cleveland,  Ohio. 

Ruckes,  Joseph  John,  Jk.  Engr.,  Barrett  Mfg.  Co.,  954  Anderson  Ave., 
New  York  City. 

Ryan,  Walter  J.     Waterman,  Wash. 

Schmid,  Francis  Rauch.  Asst.  Engr.,  N.  Y.  C.  &  H.  R.  R.  R.,  540  Lexing- 
ton Ave.,  Room  622,  New  York  City. 

Shaw,  George  Herbert.  San.  Engr.,  Bureau  of  Animal  Industry,  Dept.  of 
Agri..  Washington,  D.  C. 

SiNNiCKSON,  George  Rosengarten.     Care,  W.  J.  &  S.  R.*  R.,  Camden.  N.  J. 

Skinner,  Frederick  Gardiner.     41  Willis  Ave.,  West,  Detroit,  Mich. 

Stanage,  John  Lynch.  Supt.  of  Constr.,  Roach  &  Manigan,  Room  411 
Times-Herald  Bldg.,  Waco,  Tex. 

Steffens,  William  Frederick.  Asst.  Chf.  Engr.,  C.  &  0.  R.  R.,  Richmond, 
Va. 

Stehle,  Felix  Charles.    Towanda,  Pa. 

Strickler,  Frederick  Wineman.     Care.  Erie  R.  R.,  Cambridge  Springs,  Pa. 

Tarr,    Charles    Winthrop.      12    East    Haverhill    St.,    Lawrence,    Mass. 

Tefft,  William  Wolcott.  Civ.  and  Hydr.  Engr.,  708  Wildvvood  Ave.,  Jack- 
son, Mich. 

Thomas,   William   Edward.     68   East  86th    St.,   New   York   City. 

Tomlinson,  Carl  Perkins.  Asst.  Supt.  of  Constr.,  Stone  &  Webster  Eng. 
Corporation,  38  Morris  St.,  Danbury,  Conn. 

Voorhes,  Kimbrough  Enoch.     41  North  Arlington  Ave.,  East  Orange,  N.  J. 

White,  Arthur  Burr.  Civ.  and  Hydr.  Engi-.  (Bixby  &  White),  105  Henne 
Bldg.,  Los  Angeles,  Cal. 

associates 
Marsh.  Albert  Lereaux.     282  Montdair  Ave.,  Newark,  N.  J. 
Olds,  William  Clarence.     1817  F  St.,  N.  W.,  Washington,  D.  C. 
Parshall,  Ralph  Leroy.     Care,  U.  S.  Dept.  of  Agri.,  Colorado  Experiment 
Stations,   Fort  Collins,  Colo. 

juniors 

Armstrong,  George  Simpson,  Jr.  Care,  Suffern  &  Son.  21  Bold  St.,  Ham- 
ilton, Ont.,  Canada. 

Beall,  Pendleton.     P.  0.  Box  72,  Poughkeepsie,  N.  Y. 

Bolton,  Frank  Leonard.  Designing  and  Const.  Engr.  (Bolton,  Ruetenik 
&  May),  Bend,  Ore. 

Bowman,  Ralph  McLane.  Reinforced  Concrete  Designer,  Corrugated  Bar 
Co.,  Room  402,  Mutual  Life  Bldg.,  Buffalo,  N.  Y. 

Brown,  Claude  Osgood.     30  Columbia  Park,  Haverhill,  Mass. 

BuRNHAM,  George  Earle.  Res.  Engr.,  Manila  R.  R.,  Manila,  Philippine 
Islands. 
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Jl'Nious    (Colli i)iucd) 

UliiiJowK-s,   KoKKKT  \\  1 1.1,1  A M .     P.  ().  Box  556,  Palm   Head),    Fla. 
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16th,  1913. 
Coombs,  Philip  Henry.     Elected  Member,  March  7th,  1906;  died  March  6th, 
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A  Reinforced  Concrete  Highway  Bridge  with  Five  161-Pt.  Arch  Spans.*  (86) 
Mar.  5. 
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Vom   ersten  Wettbewerb   fiir   den   Entwurf  zu   einer  Strassenbriicke  iiber  den  Rhein 
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Electrical. 

Electricity    a  Short  Paper  Addressed  to  Colliery  Managers.     Robert  Nelson.      (Paper 
read   before   the   North    Staffordshire    Inst,   of    Min.    and    Mech.    Engrs.)       (106) 

The    Northwest    Station    of    the    Commonwealth    Edison    Company.*       W.    L.    Abbott. 

(4)      Feb. 
The    Magnetism    of   Permanent    Magnets.*      Silvanus    P.    Thompson.      (77)    Feb 
Earthed   Versus   Unearthed   Neutrals  on   Alternating   Current   Systems.*      J.    S.   Peck. 

(77)      Feb 
The   Turbo-Converter;    a   High-Speed    Direct-Current   Generating   Unit.*      F.    Greedy. 

(77)      Feb 
The    Control    of    Meters,     Public    Lamps    and    Other     Apparatus    from    the    Central' 

Station  *      W.   Duddell.  A.   H.  Dykes  and  H.  W.   Handcock.      (77)      Feb. 
Notes   on   tlie  Testing  of   Ebonite   for   Electrical    Purposes.*      C.    C.    Paterson,   E.    H. 

Ravner   and   A.   Kinnes.      (77)      Feb.  ^  ».     „„ 

\n    Automatic    Electric   Light    Plartt.*      (12)      Feb.    28. 

KinematoeraDhic    Recording    of    Ballastic    and    Physical    Phenomena    with    the    Aid 
Tf?he     Direct-Current.     Quenched-Spark     Gap.*       C.     Crane     and     B.     Glatzel 

(Translation    from    Verhandlungen    of    the    German    Physical    Society.)        (73) 

Feb.   28. 

*  Illustrated. 
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A   Siiiiiilo  Kplvin   Itouble  Brldpe  for  Comparing  Two  Nearly   Kqual  I^ow  Resistances.* 

S.   \V.   Mclsom.      (73)      Feb.   2S. 
Modpi-n    Metliods  of   Electrip  Wiring.*      Frank   Broadbent.      (Abstract  of   paper  read 

before   the   A.-;soc.   of   Engrs.-in-Charge. )       (47)      Feb.    28. 
The  Sounder  in  Suhmnrine  Telegraphy.*     Edward  Raymond-Bar'-o'-.      (26)      Feb.  28. 
Municipal    Lighting    Plant    of    Troy.    Ohio.*      L.    A.    Pool.     (60)     Mar. 
Induction    Motor    Details.*       W.    Baxter.       (Paper    read    before    the    Assoc,    of    Min. 

Elec.   Engrs.)       (22)      Mar.   7. 
Electric    Street    Lighting   at    Norwich.*      .7.    R.    Dick.      (73)      Mar.    7, 
A    60  000   Volt   Underground   Cable   Installation.*      Leon    Llchtenstein.       (Paper   read 

before  the  Elektrotechnischer  Verein.)       (26)      Mar.  7. 
Ice    Coating    on    Overhead    Conductors.    Theory    Based    on    a    Destructive    Ice    Storm 

in   Portland,   Oregon.*      William   R.   King.      (14)      Mar.   8. 
Electrical   Plant  of  El   Guindo  Co.,   Spain.*      C.  A.  Tupper.      (82)      Mar.   8. 
The   Acetylene-Electric   Flame.*      C.    F.   Lorenz.      (27)      Mar.   8. 
Largest    Direct    Current    Generators    Ever    Built.*       (Cleveland    Illuminating    Plant.) 

(62)      Mar.   10. 
Cost   of  Constructing  a  Turbo-Generator  Power   Plant,   Transmission    Line   and   Sub- 
structures.      James     W.     Malcolmson.        (From     Western     Engineering.)       (86) 

Mar.    12. 
Electric   Drive  for  Fans  and  Blowers.      S.  R.  Stone.      (72)      Mar.  l."?. 
The    Lodge- Chambers  System    of    Wireless    Telegraphy.*       F.    J.    Chambers.       (73) 

Serial  beginning  Mar.  14. 
The   Installation    of   Power-Factor   Indicators.*      Leonard   Murphy.     (26>    Mar.    14. 
Methods  of  Splicing  Wires  and  Cables.*     H.  V.  Talbot.      (27)      Mar.  15. 
Electric    Power    in    Wisconsin-Illinois    Fields.*      Warren    Aikens.      (82)      Serial    be- 
ginning Mar.    15. 
Electrolysis   from    Stray   Electric    Currents.*      Albert   F.    Ganz.       (Paper   read    before 

the  New  England   Assoc,   of  Gas  Engrs.)       (24)      Serial  beginning  Mar.   17. 
Lake  Shore  Generating   Plant.*      A.   D.   Williams.      (64)      Mar.   IS. 
Using   the    Reversing    Motor    with    Economy.*      A.    G.    Popcke.       (72)    Mar.    20. 
New   Ultra- Violet   Rav   Lamps.      (Abstract   from    La   Technique  Sanitaire   et   Munici- 

palc.)    (13)     Mar.    20. 
Crane    Plant   of    an    Italian    Steel    Works.*    Alfred    Gradenwitz.       (26)    Mar.    21. 
Relative    Efficiency    and    Advantages    of    Direct,    Semi-Direct    and    Indirect    Lighting. 

L.    Crouch.      (26)      Mar.    21. 
Hydro-Electric   Power-Plant   in    San   Juan,    Argentina.*      (11)      Mar.    21. 
Transmission    Tower    Design    for    the    Central    Colorado    Power    Company.*      W.    E. 

Belcher.      (27)      Mar.   22. 
Stresses    Produced    in    a    Transmission    Line    by    Breaking    of    a    Conductor.*      R.    S. 

Brown.      (27)      Mar.    29. 
Central  Power  Plant  of  Montgomery,  Ala.*     Warren  P.  Rogers.      (64)      Apr.  1. 
Das  Silbervoltameter.*      E.   B.  Rosa  und  G.  W.   Vinal.      (41)      Feb.    27. 
Die  periodische   Schwankung  der  Lichtstarke  von   Metallfadengliihlampen   bei   Wech- 

selstrom.*     Absalon  Larsen.      (41)      Feb.  27. 
Silit,      ein      neues      elektrisches      Widerstandsmaterial.*        Kurt      Perlewitz.         (41) 

Mar.   6. 
Gesetz   der   Koronabildung   und   die   dielektrischen    Eigensehaften    der    Luft.*      F.   W. 

Peek.  Jr.      (41  )      Mar.   13. 
I>ie    Versorgung    Bayerns    mit    Elektrizitat.      Oskar    v.    Miller.       (41)    Mar.    13. 
Lichtstrom  und  Lichtintensitat  von  Leuchtlinien.     K.  Norden.      (41)      Mar.   13. 
Ueber    die    Verdrillung    der    Doppeladern    vieladriger    Fernsprechkabel.*       F.    Lanze. 

(41)      Mar.  20. 
Der    Bau    und    Betrieb    des    badischen    Murgkraftwerkes.*       Theodor    Koehn.      (41) 

Mar.  20. 

Marine. 

Macfarlane's  Windsor  Winch    (For  Loading  and   Unloading   Ships).*      (23)    Feb.   28. 

Liquid  Fuel  as  a  Source  of  Energy  for  the  Propulsion  of  Ships  and  Its  Proved 
.\dvantages  Over  Coal*  C.  Zulver.  (Paper  read  before  the  Inst,  of  Mar. 
Engrs.)       (12)   Feb.  28;    (47)   Mar.  7.  ^  ^ 

The  Design  and  Construction  of  Oil  Steamers.*  James  Montgomerie.  (Paper  read 
before  the  Inst,  of  Engrs.  and  Shipbuilders  in  Scotland.)  (11)  Serial  be- 
ginning Feb.   28. 

Multiple   Gun-Turrets   in   Warships.*      (11)      Feb.   28. 

Recent  Warships  for  the  French   Admiralty.*      (95)      Mar. 

Single    Screw    Motor    Ship    of    1  500    B.    H.    P.*       J.    Rendell    Wilson.      (95)      Mar. 

New  Railwav   Drvdock  Plant.*      (95)      Mar. 

Great  Britain's   Mighty  Warships.*      (96)      Mar    6  ,,,,,, 

A   500-Ton  Reinforced-Concrete  Scow.*      C.   E.   Sudler.      (13)      Mar.   6. 

A   Geared   Turbine  Cargo   Steamer.*      (12)      Mar    7 

Gun<^  for  Submarines.     Alfred  Gradenwitz.      (11)    Mar.  J:    (46)    Mar.   8. 

23-Horse    Power    Djinn    Petroleum    Marine    Motor.*      (II)      Mar.    7. 

*Illustrated. 
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Marine— (Continued^. 

Tho    Spanish    Quadruple-Screw    Liner    Reina    Virtoria-Eitocnia.*       (11)       Serial    be- 

^inninK  Mar.  7. 
Recent    Experiences    of    Babcock    &    Wilcox    Boilers    for    Marine    Purposes.*       James 

H.  Rosenthal.      (Paper   read   before  the   Inst,   of   Mar.    Engrs.)       (47)      Mar.   14. 
An    InterestinK    Small-Powered    Diesel    Motor     (for    Ships).*       (12)      Mar.    14. 
The  Diesel  Oil  Tank  Ship  Haqen.*      (12)      Mar.  21. 
The  Factor  of  Safety  in  Marine  Boiler  Practice.*     William  S.  Daw.son.      (Paper  read 

before  the  Marine  Engrs'.  Assoc.)       (62)      Mar.   31.         . 
The  Clyde   Line  Coastwise  Steamship  Lenape.      OS)      Apr. 
Motor    Lightship    Burgcrmcister   O'Swahl.*      J.    Rendell    Wihon.       (95)       Apr. 
New  Steamers  for  Chesapeake  Bay  Service.*      (95)      Apr. 
Das   Schiffshebewerk   fiir  den    Abstieg  des   Grosschiffahrtsweges    Berlin,    Stettin    nach 

der  Oder  bei   Xiederfinow.*      (51)      Mar.    15. 

JVlechanical. 

The   Evolution   of  the   Flax   Spinning   Spindle.*      .John   Horner.      (75)      July. 

Wire  Ropes  for  Lifting  Appliance-s  and  Some  Conditions  That  Effect  Their  Dura- 
bility.*     Daniel   Adamson.      (75)      July. 

Reciprocating    Straight-Blade   Sawing-Machine.s.*      Charles    Wicksteed.       (75)      July. 

Commercial  Utilization  of  Peat  for  Power  Purposes.     H.  V.  Pegg.      (75)      July. 

Manufacture  of  Raw  Sugar  in  the  Philippine  and  Hawaiian  Islands.  C.  A.  Browne. 
(6)      Jan. 

Acceptance  Test  of  Large  High  Vacuum  Condenser.*      Paul   A.   Bancel.      (98)      Feb. 

The  Wolverhampton  Gas- Works.*      (66)      Feb.   2.5. 

Progress  in  By-Product  Recovery  at  Coke-Ovens.  J.  E.  Christopher.  (Paper  read 
before  the  Soc.  of  Chemical  Industry  ;  abstract  from  Journal  of  the  See.  of 
Chemical  Industry.)       (66)      Feb.  25;    (22)   Feb.  28. 

Shop  Lighting,  High  and  Low  Pressure.*  W.  Dawes.  (Paper  read  before  the  York- 
shire  Junior   Gas  Assoc.)       (66)      Feb.   25. 

The  Chapman   Rotary  Gas  Producer.*      (22)      Feb.   28. 

Surface-Condensing  Plant.*  A.  Beeston.  (Paper  read  before  the  Midland  Branch 
of  the  National  Assoc,  of  Colliery  Managers.)      (22)      Serial  beginning  Feb.  28. 

The  Supply  of  Coal  Tar,  Tar  Oils  and  Pitch.  W.  J.  A.  Butterfield,  Assoc.  Inst. 
C.  E.      (104)      Feb.  28. 

Aeroplanes  at  the   Recent  Aero  Exhibition   at  Olympia.      (11)      Feb.   28. 

Cooling-Towers  at  Edinburgh  Power-Station.*      (11)      Feb.   28. 

Pulverized  Coal  as  a  Fuel.*  H.  R.  Barnhurst.  (105)  Mar.;  (96)  Mar.  27; 
(62)    Mar.    17. 

Rivets  and  Riveting.      (From  Ryerson's  Monthly  Journal.)      (94)      Mar. 

Recent   Developments    in   Steam   Turbines.      H.   T.   Herr.      (3)      Mar. 

The  Santa  Cruz  Portland  Cement  Company's  Plant,  Davenport,  California.*  Llew- 
ellyn F.   Bachman.      (67)      Mar. 

Doolittle  and  Wilcox.   Limited,  Crushing  Plant.*      (67)      Mar. 

Worcester  Sand-Lime  Brick  Co.'s  New  Plant.*      (67)      Mar. 

Dividing  Line  Between  Refractory  and  Non-Refractory  Clays  Determined  by  Heat 
Test.*      M.  F.   Beecher.      (From  Iowa  Engineer.)      (76)      Mar.   1. 

Working  of  Sulphate  Plants,*  W.  Walker  Atley.  (Paper  read  before  the  York- 
shire Junior  Gas   Assoc.)       (66)      Mar.   4. 

The  New  Works  of  Messrs.  Mather  and  Piatt  Limited.*  (57)  Mar.  7  ;  (47) 
Mar.   7. 

Coke  and  By-Product  Plant  at  Nunnery  Colliery.*      (22)      Mar.  7. 

Aerial   Ropeway  at  Holbrook  Colliery.*      (22)      Mar,   7. 

Modem  High-Speed  Gearing.*  H.  Hubert  Thorne.  (Abstract  of  paper  read  before 
the  Rugby  Eng.  Soc.)      (22)      Mar.   7;      (47)      Mar.  7. 

Improvements  in  Sand  and  Gravel  Washing.  Raymond  W.  Dull.  (Paper  read  be- 
fore the  National  Assoc,  of  Cement  Users.)      (18)      Mar.   S. 

Derricks  for  the  Erection  of  Steel  Work.      (14)      Mar,   8. 

The  Analysis  of  Water  Gas  Purification.*  E.  C.  Uhlig.  (Paper  read  before  the 
Am.   Gas  Inst.)      (24)      Mar.   10. 

Tar  from  Vertical  Retorts.  T.  Stenhouse.  (Paper  read  before  the  Soc.  of  Chemi- 
cal   Industry.)       (66)      Mar.    11. 

The  Vertical  Retort  of  the  Shales-Oil  Industry.  G.  T.  M'Killop.  (Paper  read  be- 
fore the  Scottish  Junior  Gas  Assoc.)      (66)     Mar.   11. 

The  Anvers-Zurenborg  Works  of  the  Imperial  Continental  Gas  Assoc.     (66)      Mar.  11. 

New  Sharp  Mill  Spray  Cooling  Pond.*     Warren  O.  Rogers.      (64)      Mar.  11. 

Accuracy  and  Limitations  of  Coal  Analysis.  A.  C.  Fieldner.  (Paper  read  before 
the  Am.  Coal  Min.   Inst.)      (64)      Mar.   11. 

A  Compact  Sand  and  Gravel  Washing  Plant.*      (13)      Mar.  13, 

Plant  for  Making  Automobile  Tool    Boxes.*      (20)      Mar.   13. 

Cost  of  Running  Annealing  and  Heating  Furnaces.  J.  Lord.  (Abstract  of  paper 
read  before  the  Royal  Technical  College.)      (22)      Mar.  14. 

Oxy-Acetylene  Welding  and  Cutting.*      Henry  W.   Jacobs.      (IS)      Mar.  14. 

•Illustrated. 
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Mechanical     (Continued). 

Atmospherio  Pollmioii.  A  Standard  Method  of  Measuring  its  Amount  and  Character.* 
(For  Smolve.)      .John  B.  C.  Kershaw.      (104)      Mar.  14. 

Storage  of  Coal  Under  Water.*      R.  G.  Hall.      (103)      Mar.   15. 

Coal  Gas  Construction.  R.  B.  Brown.  (Paper  read  before  the  New  England  Assoc, 
of  Gas  Bngrs.)      (83)      Mar.   15. 

rtilization  of  Pulverized   Fuel  for  Boiler  Firing.*     C.  H.   Wright.      (27)      Mar.   15. 

The  10  000-Horsopowor  Turbines  at  Keokuk.  Description  of  the  Design,  Manu- 
facture and  Transportation  of  the  Largest  Water-Wheels  Ever  Built.*  Chester 
W.  Larner.      (14)      Mar.   15;      (20)      Mar.  13. 

The  Centenary  of  Gas  Lighting,  and  Its  Industrial  Development.  W.  J.  Liberty. 
(Paper  read  before   the  Illuminating  Bng.   Soc.)      (66)      Mar.   18. 

Benjol  from  Coal  by  the  Del  Monte  Process.  W.  J.  A.  Butterfleld.  (Abstract  from 
The  Car.)      (66)      Mar.   18. 

High-Pressure  Gas  Distribution.*  N.  B.  Hodgkin.  (Paper  read  before  the  Mid- 
land  .lunior  Gas    .\ssoc.)       (66)      Serial   beginning;  Mar.    18. 

The  Prat  System  of  Induced  Draft.  Louis  Prat.  (Translation  from  French.)  (64) 
Mar.  18. 

Producer  Gas  in  Heating  Furnaces.      Everard   Brown.      (64)      Mar.   18. 

Methods  Einploved  in  Leaf  Spring  Manufacture.*     E.  F.  Lake.      (20)      Mar.  20. 

Chain-Belt  Driven  Concrete-Mixer.*      (11)      Mar.  21;   (60)  Mar. 

Six-Spindle  Drilling  Machine.*      (For  Water-Tube  Boilers.)      (11)      Mar.  21. 

The  Corrosion  of  Distilling  Condenser  Tubes.  Arnold  Philip,  A.  M.  Inst.  B.  E. 
(Paper  read  before  the  Inst,  of  Metals.)      (47)      Mar.   21. 

Six  Wheeled  Omnibus.*      Stanley  Petman.      (46)      Mar.   22. 

Wire  Drawing.*      Erik  Oberg.      (From  Machincrii.)      (19)      Mar.   22. 

The  History  of  the  Smoke  Nuisance  and  of  Smoke  Abatement  in  Pittsburgh.  John 
O'Connor.      (62)      Mar.   24. 

Winter  Work  in  Refrigerator  Plant.*     Fred  Ophuls.      (64)      Mar.   25. 

New  Wheeler-Balcke  Natural  Draft  Cooling  Tower.*  (64)  Mar.  25;  (20)  Mar. 
13  ;      (62)      Mar.   31. 

Reinforced  Ckincrete  Beating  Engine  Tubs,  Milton  Leatherboard  Co.  Mills.*  I.  W. 
Jones.      (86)      Mar.  26. 

A   Roller  Ramming  Molding  Machine.*      (20)      Mar.   27. 

European   Electric  Steel  Automobile  Castings.*      E.   F.   Lake.      (20)      Mar.   27. 

A  5  350-h.p.  Steam-Turbine  Generator  Unit  with  Speed-Reduction  Gears.*  (13) 
Mar.   27. 

Pitot   Tube   in   Gas   Measurement.*      C.   E.   McQuigg.      (16)      Mar.    29. 

Factory  Methods  of  Testing  Automobile  Motors.*     Stanley  Petman.      (46)     Mar.  29. 

Carbureting  with   Tar,    the   Rincker-Wolter   Water   Gas   Plant*       (24)      Mar.    31. 

Opening  Up   a  New   Suburban  Gas  Territory.*      J.   E.   Bullard.      (83)      Apr.   1. 

Talbot  Water-Tube  Boiler.*     T.  H.  Heath.      (64)      Apr.  1. 

The  Rational  Utilization  of  Coal.*      F.   E.   Junge.      (64)      Apr.    1. 

Les  Compteurs  d'Air  Comprime  et  I'Evaluation  de  la  Consommation  d'Alr.  W. 
Glucksman.      (31)      1912,   Pt.   5. 

Bennes  Preneuses  pour  la  Manutentlon  des  Matieres  Pondereuses.*  J.  E.  Giraud. 
{33)      Serial  beginning  Feb.  8. 

Les  Roues  et  les  Bandages  pour  Poids  Lourds.*  D.  Renaud.  (33)  Serial  begin- 
ning  Feb.   22. 

Grue  de   150  Tonnes  du  Port  Militaire  de  Lorient.*      R    Bazin.      (33)      Feb.   22. 

L'Energie  Disponsible  dans  les  Fours  k  Coke  a,  Recuperation  de  Sous-Produits  sans 
Regeneration  de  Chaleur.*      Eug6ne   Lecocq.      (93)      Mar. 

Porape  a  Chaine  H61ice.   Systeme  Bessonet-Favre.*      (34l      Mar. 

Epurateur  d'Eau  de  Condensation,  Systeme  Paterson.*      (34)      Mar. 

Der  Ausfluss  des  Wasserdampfes  aus  Miindungen.*     August  Loschge.      (48)      Jan.  11. 

Die  vierte  Pariser  Luftschiffahrts-Ausstellung  (Salon  d'Aeronautique)  am  26. 
Oktober  bis  10.  November  1912.*  Ansbert  Vorreiter.  (48)  Serial  begin- 
ning Jan.    18. 

Die  Krananlagen  der  Societa,  degli  Alti  Forni,  Fonderie  ed  Acciaierie  di  Terni.*  H. 
Thieme.      (48)      Jan.   18. 

Die  Steigerung  der  Leistung  von  Verbrennungsmotoren  und  ein  neuer  Sechstakt- 
motor.*      Emil   Schimanek.      (48)      Jan.   25. 

Entlastung  fur  Kolbenschieber.*     Frledr.   Becher.      (48)      Feb.   1. 

Untersuchungen   an   Prcssluftwerkzeugen.*      R.   Harm.      (48)      Feb.   1. 

Die  Koksofenanlage  der  Indiana  Steel  Co.  in  Gary.*  H.  Groeck.  (48)  Serial  be- 
ginning Feb.   8. 

Bin   neuer   Braunkohlenbrikettkessel.*      Weilandt.      (7)      Feb.   22. 

Ueber   neue   Rohrengiessereien,    Bauart   Ardelt.*      Robert   Ardelt.       (50)      Feb.    27. 

Die  Vorgange  im  Gaserzeuger  auf  Grund  des  zweiten  Hauptsatzes  der  Thermody- 
namik.*      Kurt  Neumann.       (SO)      Mar.   6. 

Zur   Entwicklungsgeschichte  der   Druckluftanlagen.      A.    Riedler.      (53)      Mar.    7. 

Ueber  den  Binfluss  der  mechanischen  Formgebung  auf  die  Eigenschaften  von  Eisen 
und  Stahl.*  P.  Goerens.  (Paper  read  before  the  Eisenhiittenraannlschen  In- 
stitut  der  Kgl.  Techn.  Hochschule,   Aachen.)      (50)      Mar.   13. 


'Illustrated. 
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.VIetalliirK:ical. 

.Minerals  Separation  Plant  at  Kyloo  Copper  Mines,  N.  L.*  H.  Mardy  Smith.  (Pa- 
per read  before  the  Australasian  Inst,  of  Min.   Engrs.)       (105)      Mar. 

Four  I'apprs  on  the  Production  and  Uses  of  Alumina.*  J.  W.  Richards,  S.  A. 
Tucker,  A.  H.  Cowles  and  L.  E.  Saunders.  (Papers  read  before  the  Am.  Chemi- 
cal Soc,  the  Am.  Electrochemical  Soc,  and  the  Soc.  of  Chemical  Industry.) 
(105)     Mar. 

Titanium  as  U.sed  In  Steel  Making.     E.  F.  Lake.      (105)      Mar. 

The  Oayley  Dry  Blast  Process.  Henry  M.  Howe.  (Paper  read  before  the  Soc.  of 
Chemical    Industry.)      (105)      Mar. 

Test  Bars  for  Nonferrous  Alloys.  Jesse  L.  Jones.  (Paper  read  before  the  Am.  Inst, 
of  Metals.)      (108)      Mar. 

Crucible  Process  of  Steel  Making'.*     H.  C.  Williams.      (108)      Mar. 

Continuous  Agitation  of  Slime  with  Barren  Cyanide  Solution.*  C.  F  Spaulding. 
(103)      Mar.    1. 

Dressing  Western  Zinc  Ores.*     Frank  A.    Bird.      (103)      Mar.   1. 

Baltic  Kegrinding  Plant.  Redridge.  Michigan.*     A.  H.  Sawyer.      (16)      Mar.  8. 

Sliasta  County  Snielter-Funie  Problems.*  J.  Nelson  Nevins.  (Report  to  the  Los 
.Angeles   Chamber  of  Mines  and   Oil.)      (103)      Mar.   8. 

Heating  Furnaces  and  Their  Relation  to  the  Heat-Treatment  of  Metals.  J.  Lord. 
(Abstract  of  paper  read  before  the  Royal  Technical  College.)      (66)      Mar.   11. 

Improvements  at  Lluvla  de  Oro  Mill.*  H.  R.  Oonklin.  (16)  Serial  beginning 
Mar.    15. 

Melting  Furnace  at  Rio  Plata  Mill.*      Alvin  R.   Kenner.      (16)      Mar.   1.5. 

Dry   i-.s.  Wet  Crushing  at  Kalgoorlie.     M.  W.  von  Bernowitz.      (103)      Mar.   15. 

Milling  vs.  Hand  Sorting  of  Lead  Ore.*      R.   S.  Handy.      (103)      Mar.  15. 

Tool  Steel  from  a  Salesman's  Point  of  View.  C.  M.  Bigger.  (Paper  read  before  • 
the  Metal  Trades  Foremen's  Club.)       (20)      Mar.  20. 

Practical  Heat  Treatment  of  Admiralty  Gun-Metal.*  H.  S.  Primrose  and  J.  S.  G. 
Primrose.      (Abstract  of  paper  read  before  the  Inst,  of  Metals.)      (47)      Mar.  21. 

Refining  at  Pittsburgh-Silver  Peak  Mill.*      Lyon  Smith.      (16)      Mar.   22. 

Continuous  Decantation   with    Dorr  Thickeners.      Jesse   Simmons.      (16)      Mar.   22. 

Sand,  Slime  and  Colloids  in  Ore  Dressing,     Gelasio  Caetani.      (103)      Mar.   22. 

The  Freeland  Charging  Machine   (for  Smelter).*      C.  W.  Renwick.      (103)      Mar.  22. 

Progress  in  Colorado  Mining  and  Milling.*      W.  H.  Graves.      (82)      Mar.  29. 

Precipitation  by  the  Zinc-Sheet  Method  at  Caveira,  Spain.  James  Hutton.  (Pa- 
per read  before  the  Chemical  Metal  and  Min.  Soc.  of  South  Africa.)  (82) 
Mar.   29. 

The  Graphite  Industry  of  Pennsylvania.*      Benjamin  L.  Miller.      (82)      Mar.  29. 

Sur  les  Constituants  en  Aiguilles  des  Alliages,  Bronzes  d'Aluminium  et  d'Etain 
Speciau.x.*      Felix   Robin.      (92)      Jan. 

I^es  Hauts  Fourneaux  a   Parois  Minces.*      (33)      Feb.   8. 

Sur  les  Essais  de  Trempe.      (93)      Mar. 

Les  Courbes  du  Liquidus  et  le  Diagramme  d'Etat  du  Systfeme  Ternaire  Aluminium- 
Cuivre-Zinc  (Alliages  Riches  en  Cuivre).  H.  C.  H.  Carpenter  et  C.  A.  Ed- 
wards.     (From  In'cr.  Zeitsch.  f.  Metallographic.)  .    (93)      Mar. 

Les  Hauts  Fourneaux  et  Acieres  de  Caen.*      (33)      Mar.   1. 

Die   Elektrodenfassungen    bei   Elektroofen.      (50)      Serial    beginning   Mar.    20. 

Ueher  Siemens-Martin-Oefen,   Bauart  Maerz.     Rud.   Becker.      (50)      Mar.   20. 

Mining. 

The  Gf-neration  and  Use  of  Compressed  Air  for  Mining.*  George  Blake  Walker. 
(Paper  read  before  the  Midland  Inst,  of  Min.,  Civ.,  and  Mech.  Engrs.)  (106) 
Vol.  44,  Pt.  3. 

The  Relation  Between  Subsidence  and  Packing,  with  Special  Reference  to  the  Hy- 
draulic Stowing  of  Goaves.  George  Knox.  (Paper  read  before  the  Manchester 
Geol.   and  Min.   Soc.)       (106)      Vol.  44,   Pt.  3. 

A  New  Mining  Dial.*  Frederick  P.  Mills.  (Paper  read  before  the  Geol.  and  Min. 
Soc.)      (106)      Vol.  44,  Pt.  3. 

Some  Novel  Devices  in  Connexion  with  Electrical  Pumping  Installations  in  Mines. 
R  Herzfeld  (Paper  read  before  the  Midland  Inst,  of  Min.,  Civ.,  and  Mech. 
Engrs.)      (106)      Vol.  44.   Pt.  3. 

A  Boring  for  Coal  at  Claverley,  near  Bridgnorth,  and  Its  Bearing  on  the  Exten- 
sion Westwards  of  the  South  Staffordshire  Coal-Field.  Walcott  Gibson.  (Paper 
read  before  the  South  Staffordshire  and  Warwickshire  Inst,  of  Min.  Engrs.) 
(106)     Vol.  45,  Pt.  1. 

An  Investigation  Into  the  Effect  of  Atmospheric  Pressure  on  the  Height  of  the 
Gas-Cap.*  C.  J.  Wilson.  (Paper  read  before  the  Min.  Inst,  of  Scotland.) 
(106)     Vol.  45.  Pt.  1. 

The  Jherria  Coal-Field  (India)  and  Its  Future  Development.  George  Harold  Green- 
well.  (Paper  read  before  the  North  of  England  Inst,  of  Min.  and  Mech.  Engrs.) 
(  106)     Vol.  45.  Pt.  1. 

Colliery  Cables  •  William  Thotnson  Anderson.  (Paper  read  before  the  Manchester 
Geol.  and  Min.  Soc.)      (106)      Vol.  45,  Pt.  1. 
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Mining— (Cont  in  ued>. 

Principlt's  of   Mim-   \'aluation.      .lamps  R.   Pinlay.      (Piipor   read   before   the    Dept.   of 

Mill..  Columbia   I'niv.)       (6)      Jan. 
Elettricity   in   Anthracite  Mining.*      William   Paul   .Jennings.      (6)      .Tan, 
Mine  Rescue   Work   in   Canada,*       (57)       Feb.   2.S. 
Notes  on  Mine  Gas  Problems.      George  A.   Burrell.      (Paper  read  before  the  Virginia 

Coal  .Min.  Inst.)      (57)      Feb.  2S. 
Common  Sense  Mine  Ventilation.     J.  C.  Gaskill.   (Paper  read  before  the  West  Virginia 

Min.   Inst.)       (45)      Mar. 
Too  Much  Ventilation    (lu  Mines).     W.  H.  Booth.      (45)      Mar, 
Coal   Mine  Ventilation.     Austin   King.      (45)      Mar. 
Gases   Met  With   in   Coal   Mines.*      (45)      Serial  beginning  Mar. 
The  World's  Greatest   Iron-Ore   Deposits.*      Day   Allan   Willey.      (9)      Mar. 
The  Karns  Tunneling  Machine.*      O.  J.  Grimes.      (13)      Mar.   G. 
Troubles    Resulting    from    Proximity    to    Gas    and    Oil    W^ells.      L.    M.    Jones.      (13) 

Mar,   <i. 
Gas  and  Oil  Wells  in  Coal  Fields.     George  S.  Rice.      (1.^)   Mar.  6;    (82)   Mar.  22. 
Suggestion  for  Laws  and  Regulations   (Location  of  Oil-Weils).      (13)      Mar.   6. 
Electric   Cables  for   Shafts  of  Mines.*      E.   Kilburn  Scott,   A.   M.    Inst.   C.   E.      (Paper 

read  before  the   Assoc,   of  Min.   Eleo.    Engrs.)       (22)      Serial   beginning  Mar.    7. 
Mining  Operations  In   Idaho  During  1912.*     Robert  N.   Bell.      (82)      Mar.  8. 
Proposed   Regulation    of   Gold-Dredging.      Charles    Janin.      (103)      Mar.    8. 
Shaft  Sinking  at  the  Indiana  Mine.*      Claude  T.  Rice.      (16)      Mar.   8. 
Notes  on  Mine   Sampling,*      G.  C.   Bateman.      (Paper  read  before  the  Canadian   Min. 

Inst.)       (16)       Mar.   8, 
Bucket  Dredger  for  Nigerian  Tin  Deposits.*      (11)      Mar.   14. 
Approved   Safety  Lamps.*      (57)      Mar.    14. 

Electric  Equipment,  American  Nettie  Mine.     T.  A.  Tefft.      (16)      Mar.  1.5. 
Sulphur   and    Iron   Deposits  of  Virginia.*      J,   F.    Springer.      (82)      Mar.    15. 
The    Use    of    Coal-Cutters    for    Blackband     Ironstone    at    Parkhouse    Mine.*        (22) 

Mar.  21. 
Iron    Ore    Sorting   Plant    at   the  Gellivare   Mines,    Sweden.*      Harry   J.    H.    Nathorst. 

(From  Jcrn-Kontorets  Aniialer.)       (22)      Mar.  21. 
Methods  and  Costs.  Mother  Lode  Mine,  B.  C*      E.  Hibbert.      (16)      Mar.  22. 
Graphics  Applied  to  Fault  Problems.*      (Mining.)      E.  R.  Rice.      (16)      Mar.  22. 
Progressive   Mines   in  the  Iron  River  District.*      Geo.   E.   Edwards.      (82)      Mar.   22. 
The  Monarch  Mine  in  British  Columbia.*     Newton  W.  Emmeus.      (82)      Mar.  22. 
Rock  Asphalt   Deposits  of  Oklahoma.*      L.   C.   Snider.      (82)      Mar.   22. 
Acetylene  Lamps  in  Mines.*      R.  Cremer.      (68)      Serial  beginning  Mar.   22 
A  Tungsten  Mine  in  Nova  Scotia.*     V.  G.  Hills.      (103)      Mar.  22. 
Exhaust  Steam  and  Its  Utilization  at  Collieries  and  Mines.*      J.  M.  Gordon.      (Paper 

read  before  the  Canadian  Min.  Inst.)      (96)      Mar,   27, 
A   Mine   Locomotive   Designed  for  Accessibility,*      (13)    Mar,   27. 
Lowering  Supplies  at  Western  Mines.*     Claude  T.  Rice.      (82)      Mar.  29. 
Elwtric  vs.  Compressed  .\ir  Hoists.*      (For  Mines.)      K.  A.  Pauly.      (16)      Mar.  29. 
Reconstruction  of  an  American  River  Flume,*      Lewis  H.  Eddy.      (16)      Mar,   29. 
Seilbahn    fiir    Vergniigungsreisende    im    Kgl.    Salzbergwerk    zu    Berchtesgaden,*       L. 
Schiitt.      (48)      Jan.    11. 

JVliscellaneous. 

Recent  Progress   in   .Xiiplied   Chemistry   and   in   Engineering.      James  O,    Handv.      (58 > 

Feb. 
Design  of  Retaining  Walls,      Alfred  W,   Hoffmann,      (87)      Serial  beginning  Mar. 
On  the  Physics  of  the  Atmosphere.*      W.   J.   Humphreys,      (3)      Mar. 
The   Engineer   in  the  Building  of  the  Republic.      Isham  Randolph.      (3)      Mar. 
The    Development    of    Research    Work    in    Timber    and    Forest    Products.      E.    Russell 

Burdon.      (29)      Mar.  7. 
Air  Currents  and  Their   Relation  to   the  Acoustical   Properties  of  Auditoriums,   with' 

Application   of  the  Conclusions  to  Ventilating  Systems,*      F.    R,   Watson.      (,t4)i 

Mar.  8. 
Oil  Pipe  Lines  in  California.*      B.  K.  Stroud,      (13)      Mar.   13. 

Municipal. 

The   Surface  Dressing  of  Roads,   the  Tarflux   Process.*      (104)      Feb.   28. 

Paving   in   Salt  Lake  City.*      D.   H.   Blossom,      (Paper   read  before  the  Utah   Soc.   of 

Engrs.)       (I)      Mar, 
European    Practice    in    Testing    Road    Materials.       M.    A.    Mesnager.       (Paper    read 

before  the  Inter.  Assoc,  for  Testing  Materials.)      (67)      Mar. 
Paving   in   Trenton,    N.    J.,   Under  the   New   Commission.*      Harry    F.    Harris.      (60) 

Mar. 
Creosoted  Wood  Block  Pavement  in  New  York.*      (60)      Mar. 
Baltimore  the  City  of  Parks.*      Stuart  Stevens  Scott,      (60)      Mar, 
Municipal    Asphalt   Plants  ;   Cost  of   Operation   and    Estimates   for   the   Establishment 

of   a   Plant   for   the   District   of  Columbia.      David    B,    McComb,       (Report   to   the 

Commrs,  of  the  District  of  Columbia.)      (86)      Mar.  5, 
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iVlunicipal  — (Continued). 

A   Footway  Tunnel  in  New  York  City.      (13)      Mar.  6. 

Some  Features  of  Macadam  Construction.  T.  R.  Agg.  (Paper  read  before  the  Am. 
Road   Builders'  Assoc.)      (96)      Mar.  6. 

Plant  Equipment.  F.  E.  Ellis.  (Paper  read  before  the  Am.  Road  Builders'  Assoc.) 
(96)      Mar.   6. 

Riverbauk   Experimental    Road.*       (14)      Mar.    8. 

Concrete  Road  Construction  in  Milwaukee  County,  Wis.,  and  in  Winona  County, 
Minn.  IT.  .1.  Knelling  and  O.  B.  Leland.  (From  papers  read  before  the  Minne- 
sota and  Wisconsin   Soc.  of  Ensrs.)       (86)      Mar.   12. 

Effect  of   Heavy   Motor  Traflic   on    Pavements.      (86)      Mar.    12. 

Repair  and  Maintenance  of  Roads.  L.  I.  Hewes.  (Paper  read  before  the  Ontario 
Go<id   Roads   Assoc.)       (96)      Mar.   13. 

Earth  and  Gravel  Roads.  Robert  C.  Terrell.  (Paper  read  before  the  Am.  Road 
Builders'   Assoc.)       (96)      Mar.   13. 

Recent  Motor  Equipment  in  the  New  York  Fire  Department.*  (11)  Serial  begin- 
ning Mar.   14. 

Methods  and  Costs  of  Constructing  Three  Tvpes  of  Paving  for  Street  Railway 
Tracks.*       D.    B.    Davis.      (86)      Mar.    19. 

Some  Costs  on  the  Construction  of  Concrete  Pavement.  Carl  M.  Boynton.  (Paper 
read  before  the  Am.  Soc.  of  Eng.  Contractors.)       (86)      Mar.   19. 

Wood   Paving  with  Lug-Blocks.*      (13)      Mar.   20. 

Good  Roads  in  Ontario.  W.  A.  McLean.  (Paper  read  before  the  Ontario  Good  Roads 
Assoc.)       (96)      Mar.    20. 

Road  Construction.     A.   McLean.      (96)      Mar.   20. 

Some  Municipal  Works  and  Practice  in  Leeds.  W.  T.  Lancashire.  (Paper  read 
before  the   Inst,   of  Min.   and   County  Engrs.)       (104)      Mar.   21. 

Karachi.*      J.   Forrest   Brunton.      (29)      Mar.    21. 

A  Classification  of  Road  Building  Rocks.  Charles  P.  Berkey.  (Paper  read  before 
the  Am.  Soc.  for  the  Advancement  of  Science.)       (86)      Mar.   26. 

Building  a  Paved  Roadway  Across  a  Swamp.  James  Owen.  (Abstract  of  paper 
read  before  the  County  Engrs.  of  New  Jersey.)      (13)      Mar.  27. 

A  Comparison  of  Recent  Bids  for  Various  Types  of  Paving  in  the  New  York  Navy 
Yard.     Walter  H.  Allen.      (13)      Mar.  27. 

City  Pavements.  G.  G.  Powell.  (Abstract  of  paper  read  before  the  Ontario  Good 
Roads  Assoc.)       (96)      Mar.   27. 

Recommendations   for  Broad   Street   Paving,   Newark.      (14)      Mar.    29. 

Standardizing  Highway  Construction.*      Charles  E.  Foote.      (46)      Mar.  29. 

Central  Purchase  and  Distribution  of  Supplies  for  New  York  City,  Plan  for  Con- 
trolling and  Standardizing  Purchasing  Methods  of  128  Different  Municipal  De- 
partments and  Boards.      (14)      Mar.  29. 

Zur  Geschichte  der  Ziegelstrasse  in  Berlin.  Ernst  Friedel.  (80)  Serial  beginning 
Dec.   3. 

Railroads. 

Rolling-Stock    on    the    Principal    Irish    Narrow-Gauge    Railways.*       R.    M.    Livesey. 

(75)      July. 
Hump  IS.  Flat  Shunting.      (Abstract  from  North  Eastern  Raihoay  Magazine.)       (23) 

Jan.   3. 
New    Garratt    Locomotives,    Tasmanian    Government    Railways.*      (23)      Jan.    3. 
The   Relaying    and    Improvement    of    the    Berks    &    Hants    Junction,    Reading,    Great 

Western   Railway.*       (23)      Jan.   17. 
New  Great  Central  Locomotive  Sir  Sam  Fay  to  be  Exhibited  at  the  Ghent  Exhibition.* 

(23)      Jan.   17. 
Tables   for   Finding   Proper  Tonnage  Rating ;    Acceleration   and   Retardation   Figures. 

and   Their   Use   in    Solving   Problems  of  Railway   Location   and   Train   Loading.* 

Paul   M.   La  Bach.      (23)      Jan.   17. 
Rapid   .Acting  Vacuum  Brake  Trials  in   Austria.*      (23)      Jan.   17. 
Electric  Baggage  Trucks.*      (23)      Jan.   24. 
Electrincation    of   Heavy    Grades.    This    May    be    Found    Less    Expensive    than    Grade 

Reduction.*      C.   L.   de  Muralt.      (23)      Jan.   31. 
Heavy  Tank  Locomotive,  Londonderry  &  Lough  Swilly  Railway.*      (23)      Jan.  31. 
Freight    Train    Control,    North-Eastern    Railway;     Middlesbrough    Division.*      (23) 

Feb.   7  :    (22)    Feb.   28. 
The   "Safety  First"   Movement.      Geo.   Bradshaw.      (61)      Feb.    IS. 
35-Ton   Bogie  Rail  Wagons,  Caledonian  Railway.*      (23)      Feb.   21. 
Two  European  Sinele-Phase  Railways:     The  Mittenwald  Electric  Railway  and  Rjukan 

Railway.*       (26)      Feb.  28. 
Circulation    of   Water   in    Locomotive   Boilers.*      George   L.   Fowler.      (47)      Feb.   28. 
Six-Coupled    Bogie    Express    Locomotive    for    the    Great    Central    Railway.*       (11) 

Feb.   28. 
Railroad    Accidents:    Their    Causes    and    Remedy.      D.    F.    Jurgensen.       (Paper    read 

before  the  Civ.  Engrs.'  Soc.  of  St.  Paul.)      (1)      Mar. 
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Railroads     (Continued). 

An   riuisiial    Kclainitis  Wall  of  Roiiiforcrd  ConcTetc*      Albert  J.   Himes,   M.   Am.   See. 

C.    K.       (.?6)       Mar. 
Rail   Creeping.*      J.   G.   Van   Zandt.      (87)      Mar. 
Safety  on   Railroads.      .T.   W.   Coon.      (65)      Mar. 
Centralia  Terminal.   I.  C.  R.  R.*      (87)      Mar. 
Union  Station,   Fort  Smith,  Ark.*      (87)      Mar. 

Concrete  Practite  No.  G.   Kansas  City   Southern  Ry.  Co.*     A.  M.   Wolf.      (87)      Mar. 
Snow    Hill    Station,    Great   Western    Railway.*      R.    P.    Hears,    Assoc.    M.    Inst.    C.    E. 

(Abstract    of    paper    read    before    the    Junior    Inst,    of    Engrs.)      (21)      Mar.; 

(2.?)    ,Ian.   24. 
Simplex   Concrete   Piles   at   Alost    Station,    Belgium.*      E.    Creplet.      (From    Bulletin 

Trrhniqnc    du    Cercle    des    Chefs    de    Section    des    Chemin    de    Fer    de    I'Etat.) 

(21)      Mar. 
Long  Switches  for  Fast  Running;   Chemins  de  Fer  du  Nord.*      (21)      Mar. 
Automatic    Block    Signals    on    the    Atlantic    Coast    Line    R.     R.*       D.    W.     Melsel. 

(87)  Mar. 

Assigning  Cause  of  Failure  In  Rail  Failure  Reports.      P.   M.   La   Bach.      (87)      Mar. 
Canadian   Pacific  4-fi-2  Type  Locomotive.*     W.  H.   Winterrowd.      (25)      Mar. 
Locomotive  Deck  Shields.*     Walter  R.  Hedeman.      (25)      Mar. 
Experimental   Electric  Locomotives  in  France.      (25)      Mar. 

Pittsburgh  &  Lake  Erie  Two  Car  Gas-Electric  Car*      (25)    Mar.  :    (18)   Mar.  8. 
Locating  Defective  Car  Wheels.*      D.  C.  Buell.      (25)      Mar. 
The  Gee  Locomotive  Stoker.*      (25)    Mar.:    (15)    Mar.   14. 

The  Laying  of  Rails  on  Wooden  Sleepers  for  Busy  Express  Lines.*     C.  W.  Van  Dyk. 
(Paper   read   before  the  Royal   Institute  of   Dutch   Engrs.  ;   from  De  Ingenieur.) 

(88)  Mar. 

Locomotive  Development   on   the   Prussian-Hessian   State   Railway   and   Some   Results 

Obtained   in   Practice  with   Superheated-Steam  Locomotives.      E.   Meyer.      (From 

Anunirn  fiir  Gcwerbe  «nd  Bauivesen.)      (88)      Mar. 
Hardwood  Pads  for   Railway  Sleepers.*      M.  Matthael.      (From  Annalen  fiir  Gewerhe 

itnd  HauKcscn.)      (88)      Mar. 
The  Karns  Tunneling  Machine.*     O.  .1.  Grimes.      (13)      Mar.  6. 
A  Railway  Grade  Crossing  with   Steel   Foundation.*      (13)      Mar.   6. 
Train  Control  on  the  Rhymney  Railway.*      (23)      Mar.  7. 
Narrow  Gauge  Locomotive  for  the  Rhodesian  Railways.*      (12)      Mar.   7. 
Grand  Trunk  Terminal  at  Ottawa,  Out.*      (15)      Mar.  7. 
Fuel  Oil   Installations,  Northern  Pacific  Ry.*      (18)      Mar.  8. 
Vital    Factors    in    Car    Elconomy.       Chas.    A.    Lindstrom.       (Abstract    of    paper    read 

before  the  New  England  R.  R.   Club.)      (18)      Mar.  8. 
Scaling  Mountain  Peaks  by  Elevator.*      (19)      Mar.   8. 
Electric  Railway  in  the  French  Pyrenees.*      (27)      Mar.  8. 
A  New  Single-Phase  Railway  in  Norway.      (12)      Mar.  14. 
The  Kiangsu-Chekiang  Railways.*     Lewis  R.  Freeman.      (IS)      Mar.  14. 
Development  in  the  Use  of  Screw  Spikes.*      (15)      Mar.  14. 
Third  and  Fourth  Track  Construction.*      (15)      Mar.  14. 
Creosoting  Plant  near  Connellsville,  Pa.*      (15)      Mar.  14. 
Rebuilding  of  the  Chicago  Clearing  Yard.*      (18)    Mar.  15;    (15)   Mar.  21. 
Construction  Work  of  the  Kansas  City  Terminal  Ry.*      (18)      Mar.  1.5. 
Railway   Terminals.*      L.    C.    Fritch.       (Paper   read   before   the   Canadian    Ry.    Club.) 

(18)      Mar.    15. 
Wrecking   Cars    of    150    Tons'    Capacity,    Norfolk    &    Western    Ry.*      (18)    Mar.    15. 

(15)    Mar.   14. 
Maintenance  of  the  Pennsylvania  Railroad  Electric  Locomotives.*      (17)      Mar.  15. 
Experiences  with  Concrete  Poles  by  the  New  York  State  Railways,*      (17)      Mar.  15. 
Standardization   on   the  Michigan  United  Traction.*      (17)      Mar.    15. 
Road   Improvements  of  the  Northern  Pacific  Ry.  in  Washington.*      (18)      Mar.   15. 
Double-Tracking  between  Calgary  and  Vancouver.      (14)      Mar.   15. 
Drainage   of    a   Railway    Roadbed,    Methods   for    Disposal   of   Surface   and   Subsurface 

Water.     J.  T.  Bowser.      (14)      Mar.  15. 
Formulas    for    Radial    Distances    Between    Curves    (Railroad    Structures).*      George 

Paaswell.      (13)      Mar.  20. 
Concrete  in  Railroad  Work.     M.  S.  Long.      (Paper  read  before  the  National  Assoc,  of 

Cement   Users.)       (96)      Mar.    20. 
Novel    Tunnel    Work    on   the    Cleveland    Short    Line   Ry.*      (13)      Mar.    20. 
Mine  Locomotives  in  the  Dortmund  District.*      (57)      Mar.   20. 
Arabia's  Only  Railway.      (29)      Mar.  21. 

Trussed-Concrete  Construction   in  Railway  Work,   the  Hy-Rlb.*      (23)      Mar.    ^1. 
Po.stal  Car  Illumination  Tests.*      (15)      Mar.   21. 

Important  Improvement  Work  on  the  C,  M.  &  St.  P.*      (15)   Mar.  21;    (18)   Mar.  29. 
The  Washington  &  Old  Dominion  Railway.*     W.  N.  Smith.      (17)      Mar.  22. 
Analysis  of  the  Determination  of  Economical  Freight-Train  Tonnages.      (14)      Serial 

beginning  Mar.  22. 
Baldwin  Locomotives  Built  During  1912.      (15)      Mar.   28. 
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Railroads  -  (Continued) 

Report  on   Glen   Loch   Oerailment.      (Abstract  of  Report  of  the  Interstate  Commerce 

Comiii.)       (IS)      Mar.   2S. 
Economical   Limits  of  Grade   Reduction.     Walter   Loring  Webb.      (15)      Mar.   28. 
Express  and  Freight  Traffic  in  Providence,  R.  I.*      (17)      Mar.  29. 
L'EcIairage   par   I'Ac^tylfne    Dissous   des   Voltures   des    Chemins    de   Fer   du    Sud   de 

TAutriche.*      (33)      Feb.    8. 
Die    Mallet-Lokomotive    der    Harzquer-    und    Brockenbahn.      Helnrlch    Papst.      (48) 

Jan.   25. 
Schlafwagen  III.  Klasse  der  norwegischen  Staatseisenbahnen.*     P.  Hoff.    (48)   Feb.  8. 
Die  Staatsbahnen   Bulgariens.*      Franz   Manek.      (53)      Feb.   14. 
Stossvorgang    beim    Auffahreu    eines    Zuges    auf   einen    Bremsschlitten.*      F.    Besser. 

(102)      Serial   beginning  Feb.    15. 
Neue  Erfahrungen   mit   Eisenbetonschwellen.*      R.   Bastlan.      (78)      Serial   beginning 

Feb.   26. 
Zahnrad-gegen  Schubstangenmotor  bei  elektrischen  Lokomotiven.*      (41)      Feb.  27. 
Formanderungen    am    schwebenden    Schienenstosse.*       E.    C.    W.    van    Dyk.      (102) 

Mar.    1. 
Neuere  Maschinen  zum  Schleifen  von  Achsschenkeln.*     Simon.      (102)      Mar.   1. 
Zum    Gotthardvertrag.      (107)      Mar.    8. 

Rutschung   bei   Hohtenn   aiif  der   Sudrampe   der   Lotschbergbahn.*      (107)      Mar.   15. 
Einrichtungen  zur  Ausbesserung  der  Rauch-und  Ueberhitzer-Rohren  der  Heissdampf- 

lokomotiven.*      Uhlmann.      (102)      Mar.   15. 
Bremsschlauch-Werkstatt    der    Sud-Pacific-Bahn    in    Los    Angeles.*       B.     Schwarze. 

(102)      Mar.   15. 
Zum  Verhalten  von  Eisenbahnfahraeugen  in  Gleisbogen.*     Heumann.      (102)      Serial 

beginning  Mar.  15. 

Railroads,  Street. 

Electrification  of  the  Berlin  City  Circular  and  Suburban  Railways.  (23)  Serial 
beginning  Jan.  3. 

Hamburg  Subway  and  Elevated  Railway.*      (17)      Mar.  8. 

Gasoline  Surface  Cars  in   India.*      (17)      Mar.   8. 

Double-Deck  Car  for  Washington.*      (17)      Mar.  8. 

Reinforced-Concrete  Trolley  Poles  in  Cleveland.*  L.  P.  Crecelius.  (Abstract  from 
Arra.)      (13)      Mar.  13. 

Contracts  Signed  for  New  York  Subways.      (18)      Mar.  15. 

Extensions  of  the  Boston  Subway.*      (18)      Mar.  15. 

Scientific  Design  of  Carhouses  and  Shops ;  Methods  Used  in  Planning  an  Electric 
Raiiwav  Maintenance  Plant.*  C.  A.  Neff  and  T.  P.  Thompson.  (14)  Mar.  15. 
(17)    Mar.   15. 

Track  Maintenance  and  Reconstruction  in  San  Francisco.*      (17)      Mar.    15. 

Shops  and  Carhouses  of  the  Hamburg  Rapid  Transit  System.*      (17)      Mar.  15. 

Maintenance  of  Electrical  Equipment  of  Cars  in  Brooklyn.*      (17)      Mar.  15. 

Fond  du  Lac  Avenue  Carhouse  of  the  Milwaukee  Electric  Railway  &  Light  Com- 
pany.*     (17)      Mar.  15. 

Novel  Oil  House  and  Oil  Delivery  Car  for  the  Chicago  Railways.*      (17)      Mar.  22. 

Conveyor  and  Elevator  Machinery  for  Subway  Excavation.      (14)      Mar.  29. 

Experience  with  One-Man-Operated  Cars.      (17)      Mar.  29. 

An  Improved  Type  of  Articulated  Car.*      (17)      Mar.  29. 

New  Cars  for  Liverpool.*      (17)      Mar.  29. 

The  Lexington  Avenue  Subway  Four-Track  Under  the  Harlem  River.*     (46)    Mar.  29. 

Die  stadtische  Untergrundbahn  in  Berlin-Schoneberg.*  Platzmann.  (41)  Serial 
beginning  Mar.  6. 

Sanitation. 

Street  Cleaning  in  Downtown  Chicago.*      Richard  T.  Fox.      (4)      Feb. 

A  Typical  Rural  Typhoid  Fever  Outbreak.     John  H.  Mahon,  Jr.      (98)      Feb. 

The  National  Aspect  of  the  Reclamation  of  Swamp  and  Overflowed  Lands.      Edmund 

T.  Perkins.      (4)      Feb. 
Provision   of  Institutions  for  the  Treatment  of  Tuberculosis.*      (104)      Feb.   28. 
Modern  Sewer  Cleaning  in  Milwaukee.  Wis.*     Henry  J.  Kruse.      (60)      Mar. 
Cleaning  the  Sewage  Tank  at  Galva.  111.*     Lloyd  Z.  Jones.      (60)      Mar. 
Hygienic  Aspects  of  Gas.     J.  W.  Graham.      (Paper  read  before  the  Manchester  and 

District  Junior  Gas  Assoc.)      (66)      Mar.  4. 
Hygienic  Equipment  of  a  High  School.*        (101)      Serial  beginning  Mar.  7. 
Air  Currents  and  Their   Relation   to  the  Acoustical   Properties   of  Auditoriums,   with 

Application   of  the   Conclusions  to  Ventilating  Systems.*      F.   R.   Watson.      (14) 

Mar.  8. 
Relation  of  Pure  Water  to  Typhoid  Fever.      (14)      Mar.   8. 
The  Design   of   and   Methods   and   Cost   of  Construction   by   Force   Account   and   Piece 

Work,  a  Sewerage  System  for  a  Small  Town.*     J.  E.  Tupper.      (86)      Mar.  12. 
Difficult   Sewer   Construction    at    West    Liberty,    Iowa.*      Charles    P.    Chase.       (Paper 

read  before  the  Iowa  Eng.  Soc.)      (14)      Mar.  15. 


♦Illustrated. 
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SanJtation~(Continuedi. 

Effect  of   Hypochlorite  Treatment  at  Evanston.     W.   Lee  Lewis.      (14)      Mar.   15. 

Concrete  Sewer-Pipe  Tests  in   Kansas  City.*      E.  S.  Wallace.      (13)      Mar.   20. 

The  Garrison  Creek  Storm  Overflow  Sewer  in  the  City  of  Toronto.*     Ray  R.  Knight. 

(96)      Mar.   20. 
Temporary    Hypochlorite    Plant    for    Treating    the    Sewage    of    Norristown.    Pa.*      S. 

Cameron  Corson.      (13)      Mar.  20. 
Plumbing  in  a  Cincinnati   Bath  House.*      (101)      Mar.  21. 
Street   Cleaning  .Methods   in   European   Cities.      (86)      Mar.   26. 
New  System  of  Ventilation   for  School  Rooms.*       (101)      Mar.  28. 
Cincinnati  Sewerage  Investigations  and  Surveys.     J.  E.  Root.      (14)      Mar.   29. 
Les  Huitres  et  la  Fidvre  Typhoide  h  Paris.*     Paul  Vlncey.      (92)      Feb. 
Herstellung  von  Dranrohren.*     C.  Schimm.      (80)      Dec.   10. 
Die  Fortschritte   auf  dem  Gebiete  des  Volksbadewesens  In   den   Vereinigten   Staaten. 

Wilh.    Paul    Gerhard.      (7)      Feb.    15. 
Heizungs-.     Liiftungs-     und     Dampfkraftanlagen     in     den     Vereinigten     Staaten     von 

Amerika.*     de  Grahl.      (7)      Feb.  22. 
Gesundheitspflege  beim   Bau  des   Pnnamakanals.      (7)      Mar.   1. 
Niederdruckdampfheizung     ohne      Vertiefung     der     Kesselanlage     mlt      selbsttatlger 

Riickspeisung.*     Richard  Wagner.      (7)      Mar.  1. 
Die  Derechnung  des  Warmebedarfes  zur  Beheizung  von  Wohnraumen.     C.  A.  Gullino. 

(7)      Mar.  1. 
Die  Klarung  des  Abwassers  in   Schieferplattenkorpern.*      Bach.      (39)      Mar.   5. 
Die     Entlastung    des    Alsbachkanales.*       Heinrich     Stolz.      (,53)      Serial     beginning 

Mar.  7. 

Structural. 

An   Economical   Design   for  a  Timber   Cotton   Shed.*      E.   S.   Pennebaker.      (4)      Feb. 

The  Painting  of   Iron  and   Steel.      (12)      Serial   beginning  Feb.    28. 

Fire   Protection  for  the  Foundry.      (108)      Mar. 

Value  of  Washed  Sand  and  Gravel  in  Concrete.*      (67)      Mar. 

Proportioning   of   Foundations   for   Columns   and    Walls.      Ernest   McCuUough.      (13) 

Mar.   6. 
Factory     Building    Equipment    Details.*       Harry    C.     Splllman.      (20)      Mar.     6. 
Hardpan   and  Other   Soil   Tests.*      J.    Norman   Jensen.      (13)      Mar.    6. 
Buildings   for    Engineering   Works.      H.   N.    Allott,   M.    Inst.    C.    E.      (Paper   read   be- 
fore the  Manchester  Assoc,  of  Engrs.)       (47)      Mar.   7. 
The    Tallest    Office    Building    In    the    World,    Erection    of    the    Woolworth    Building, 

New    York.*      (46)      Mar.    8. 
New  Specifications  for  Structural  Steel  Work  (American  Bridge  Co.).*      (14)     Mar.  8. 
Industrial  Plant  with  All  Structures  Built  of  Reinforced  Concrete,   Buildings  Include 

Large    Machine     Shop    with     Sawtooth     Construction.*       W.     J.     Knight.      (14) 

Mar.   S. 
Grandstand  for  the  Brooklyn  Baseball  Club.*      (14)      Mar.   8. 
Building  Tapering  Concrete   Chimneys.*      D.   D.   Gill.      (62)      Mar.   10. 
Methods    of    Molding    Reinforced    Concrete    Shells    for    Pier    and    Wharf   Foundations 

at  the   Balboa  Terminals,    Panama.      (86)      Mar.    12. 
Miscellaneous    Labor    Costs    of    Excavation    and    Construction    for    a    Manufacturing 

Plant.      (86)      Mar.   12. 
Structural   Details  and   Cost  of   Constructing   a  Reinforced   Concrete   Sand   Bin.*      G. 

A.  Flink.      (86)      Mar.   12. 
Test    and    Inspection    of    Bulb    Pointed    Concrete    Piles    for    Building    Foundation    at 

North   Billerica.    Mass.*      Hunley   Abbott.      (86)      Mar.    12. 
Action  of  Acids,   Oils  and  Fats  on  Concrete.      '13)      Mar.   13. 
Windbracing    without    Diagonals    for    Steel-Frame    Office-Buildings.*       R.    Fleming. 

(13)      Mar.    13. 
The  Use  of  White  Lead   in  Painting.      Noel  Heaton.      (29)      Mar.   14. 
The  Corrosion  of  Aluminum.     G.  H.  Bailey.      (Paper  read  before  the  Inst,  of  Metals.) 

(11)      Mar.   14. 
Methods  of  Fire  Prevention,  Excellent  Work  Done  by  the  British  Authorities.      (»9) 

Mar.   1.5. 
The   Cost  of   a   Brick   House  r.s.   One   of   Stucco.*      Arthur  W.   Joslyn.      (Paper   read 

before  the  Building  Brick  Assoc,  of  America.)      (76)      Mar.  15. 
Steelwork   of  the  Broadway  Arsenal,  Buffalo.*      (14)      Mar.    15. 
Reinforced  Concrete  Coal  Trestle  at  Gilbertville,  Massachusetts.*      (14)      Mar.  15. 
Constancy   of   Volume   Accelerated   Tests   of   Portland    Cement.      Max   Gary.       (Paper 

read  before  the  Inter.  Assoc,  for  Testing  Materials.)      (96)      Mar.  20. 
Steel    Forms   for  Concrete   Construction.      William    Mayo    Venable.       (From    The    Ce- 
ment  World.)      (96)      Mar.  20. 
A  Non-Corrosive   Iron   Alloy.      (13)      Mar.   20. 

Tests  on   Cast-in-Place  Concrete  Piles.*      Francis  L.   Pruyn.      (13)      Mar.   20. 
Some    Short-Cuts    in    Reinforced-Concrete    Beam    Design.*       M.    J.    Lorente.        (13) 

Mar.  20. 

*  Illustrated. 
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Structural— (Continued). 

Imporfoct   Concrete  Piles.*      (14)      Mar.    22. 

Novel  Concrete  Stairway  at  a  German  Exposition.      (14)      Mar.  22. 

Te.sts  of  Two  Rrick  Piers  of  Unusual  Size.*      .lames  E.  Howard.      (Abstract  of  paper 

read  before  the  National  Brick  Manufacturers'  Assoc.)      (14)      Mar.  22. 
A  Comparative  Test  of  Two  Fullsized  Reinforced-Concrete  Flat-Slab  Panels.*     Henry 

T.  Eddy.      (13)      Mar.  27. 
Layout  and  nuildiner  Details  of  a  Machine  Shop.*     (14)     Mar.  29. 
The    Preservation    Treatment    of    Wood    with    Water    Gas    Tar.      Frank    C.    Mathers. 

(Paper  read  before  the   Indiana  Gas  Assoc.)       (24)      Serial   beRinning  Mar.   31. 
Villa  au  Pare  Saint-Maur   (Seine).*      Remson  et   Robine.      (35)      Mar. 
Le  Nouveau  Theatre  de  Belleville  &  Paris.*      (33)     Mar.  8. 
Die    Sicherheit    von    Mauern    unii    verwandten    Tragwerken    gegen    Erddruck,    Wlnd- 

und  Wasserdruck.*     B.  Elwitz.      (81)     Ft.  1. 
Ueber  Rahmentriiger  und  Hire  Bezeihungen  zu  den  Fachwerktragern.*     Fr.  Engesser. 

(81)      Pt.   1. 
Sprengwiinde  in  Eisenbeton.*     H.  W.  K.  Ziesemer.      (80)      Nov.  16. 
Aschenstein-Herstellung.*      (80)      Dec.  14. 
Priifung  von  Gesteinsbohrmaschlnen.      (80)      Dec.  19. 
Die  Erweiterungsbauten  des  Getreidespeichers  in   Konigsberg  ausgefiihrt  von   Arame. 

Giesecke  &  Konegen  A.-G.   in  Braunschweig.*      M.   Buhle.      (48)      Jan.   11. 
Knickversuche     mit     einer     Strebe     des     Eingestiirzten     Hamburger     Gasbehalters.* 

H.  Rudeloff.      (69)      Feb. 
Die    Normaleprofile    fiir    Walzeisen    zu    Bauzwecken    vom    Standpunkt    dor    Eisenkon- 

strukteure  :  Kritik  und  Vorschlage.*     Franz  Czech.      (69)      Feb. 
Ueber   Knickfestigkeit    und   einseitig   gedriickte   Stabe.      Muller-Breslau.      (69)      Feb. 
Ursprungsfestigkeit    und    statische    Festigkeit,    eine    Studie    iiber    Brmiidungserschei- 

nungen.*     P.  Ludwig.     (48)      Feb.  8. 
Das    Rosten    des    Eisens,    seine    Ursachen    und    seine   Verhutung    durch    Anstriche.* 

Georg  Pfleiderer.      (48)      Feb.   8. 
Ueber  die  Wirkung  des  Auftriebes  unter  Pfellem.*     Zimmermann.      (40)      Feb.  15. 
Der  Entwurf  eines  preussischen  Wohnungsgesetzes.      A.  Reich.      (39)      Feb.  20. 
Eisenbetonarbeiten  in  der  Volksbade-  und  Schwimmanstalt  In  Gladbeck  1.  W.*     Paul 

Muller.      (51)      Serial   beginning  Feb.  22. 
Beitrag  zur  Berechnung  steifer  Rahmenkonstruktionen.*     A.  Franke.      (78)      Feb.  26. 
Moderne  Betonwachterhauser.*     Frank  C.  Perkins.      (78)      Feb.  26. 
Bau  eines  Zementsilos  in  Golleschau.*     Franz  Bohm.      (78)      Feb.  26. 
Die  Abbruchkosten  von   Eisenbetonbauten.      Ernst  Schick.      (78)      Feb.   26. 
Neue  Schraubenspannplatte  fiir  Gleise.  Hochbau,   Kranbau,   Luft-  und  Erdfahrzeuge, 

Maschinen,  Gerate  usw.      (53)      Feb.  21. 
Zur    Statischen    Berechnung    des    Vollwandigen    Bogentragers    mit    zwei    Gelenken.* 

Siegmund  Schwatzer.      (69)      Mar. 
Der   Gegenwartige    Stand    des    Materialpriifmaschlnenbaues.*      Max    Kurrein.       (69) 

Serial  beginning  Mar. 
Berechnung  gewolbter  Platten.*     Huldreich  Keller.      (107)     Serial  beginning  Mar.  1. 
Das  neue  Rathaus  in  Dobeln.*     Hugo  Licht.      (51)      Mar.  12. 
Die  Ti.schlereihalle  A.  M.  Luther  in  RevaL*      O.  Liischer.      (78)      Mar.  14. 
Die  Schweiz  Nationalbank  in  Bern.*     Ed.  Joos.      (107)     Mar.  15. 

Topographical. 

Azimuth  by  Direct  Solar  Observation.*      Louis  Ross.      (13)      Mar.   6. 
Stereophotographic  Surveying.*      Otto  Lemberger.      (13)      Mar.  27. 
Topographic  und   Reliefkunst.*      F.   Becker.      (107)      Mar.  15. 

Water  Supply. 

Southampton's  Open-Air  Swimming  Bath.*      J.   A.   Crowther.      (104)      Feb.   28. 

The  Arniberg  Hydro-Electric  Power  Station.*      (12)      Feb.  28. 

Reinforced  Concrete  Stand  Pipe  at  Belton,  Texas.*  Thomas  L.  Fountain,  Assoc. 
Am.   Soc.    C.   E.      (36)      Mar. 

Failure  of  Nashville  Reservoir.*      (60)      Mar. 

The  Georgetown  Reservoir.*     J.  .1.  Bain.      (100)     Mar. 

A  Big  Irrigation  Dam  and  Koppcl  Cars.      (67)      Mar. 

The  Suitability  of  Internal  Combustion  Engines  for  Service  in  Small  Water  Works 
Plants.     George  A.   Main.      (86)      Mar.   5. 

A  Di.scussion  of  the  Problems  Connected  with  the  Effort  to  Establish  Standards  for 
the  Hygienic  Purity  of  Public  Water  Supplies.  Joseph  W.  Bllms.  (Paper 
read  before  the  Indiana  San.   and  Water  Supply  Assoc.)       (86)      Mar.   5. 

The  Danger  of  Physical  Cross  Connection  Between  Public  and  Private  Water  Sup- 
ply Systems,  A  Suggested  Mechanical  Safeguard.*  H.  E.  Jordan.  (Paper  read 
be"fore  the  Indiana  Sanitary  and  Water  Supply  Assoc.)  (86)  Mar.  5;  (14) 
Mar.   29. 

The  Moose  Jaw  Water  Supply.      P.  Gillespie.      (96)      Mar.   6. 

The  Rational  Use  of  Water  in  Irrigation.  John  A.  Widstoe.  (Ab.stract  of  paper 
read  before  the  National  Irrig.  Congress.)       (96)      Mar.    6. 

♦Illustrated. 


Ap'"'l- l'*''i-l  cnntKNT   i;N(;iNi:Ei!iN(i  ijti:i;  \  iii;k  333 

Water  Supply     (Continued). 

Tho    Ri^clamatioii    of    Ancient    Babylonia    by    Irrigation*       Edgar    .1.    Banks.       (13) 

Mar.    G. 
Relation.*;  of  Pure  Wafer  to  Tvphoid  Fever.      (14)      Mar.  S. 
Functions  of  a  Technical   Staff  in  the  Regulation  of   Public  Utilities.      W.   D.   Pence. 

(Abstract  of  paper  read  before  the  Indiana  Sanitary  and  Water  Supply  Assoc.) 

(14)      Mar.   S. 
Rapid   Filtration   Plant  at  Columbus,    Indiana,   Notched   Wash-Water   Troughs   and   a 

Deep   Bed   of  Gravel   are  Being  Used.*      (14)    Mar.   8:    (86)    Mar.   5. 
A    Great    Pacific    Service    Project,    the    South    Yuba    and    Bear   River    Hydro-Electric 

Pevelopment.*      James    II.    Wise.      (From   Pacific    Gas    and   Electric   Marjazine.) 

(19)      Mar.  S. 
Drinking  Water  Systems.*      S.  M.  Weinthal.      (64)      Mar.  11. 
The  Problem  of  Interstate  Swamp  Drainage,  the  Dismal  Swamp.*      M.   O.   L#eighton. 

(86)      Mar.    12. 
Some  Recent  .-Vdvances  in  Rapid  Filter  Design.     F.   B.  Leopold.      (Abstract  of  paper 

read   before  the   Indiana   San.   and   Water   Supply  Assoc.)       (86)      Mar.    12. 
The    Experience   of   the   State   of   Illinois    with    the    Shallow   Well.      Edward    Bartow. 

(Paper     read     before    the     Indiana     San.     and     Water     Supply     Assoc.)      (86) 

Mar.   12. 
Methods    of    Estimating    the    Probable    Volume    of    Silt    Deposits    in    River    Storage 

Reservoirs    for    the    Oklahoma    City    Water    Supply.      Hiram    Phillips,    .John    W. 

Alvord  and  ,T.  W.   Billingslev.      (From  Report  to  the  Mayor  of  Oklahoma  City.) 

(86)      Mar.    12. 
What  is  the  Public  Doing  Toward  Conservation  bv  Developing  Water  Power?     Robert 

C.  Barnet.      (86)      Mar.  12. 
Data  on  Rock   Drilling  Operations  at  the  Kensico  Dam,   New  York   Improved   Water 

Supply.     Frank  Richards.      (From  Compresned  Air  Marjazine.)       (86)      Mar.   12. 
Twin  Falls,  Oakley  Irrigation  Project.*     A.  M.  Korsmo.      (13)      Mar.  13. 
A  New  Module  or  Constant-Discharge  Device  for  Irrigation  Works.*      (13)      Mar.  13. 
City   Water- Waste.       (96)       Mar.   13. 

Surplus  Waters  of  the  Los  Angeles  Aqueduct.*      Burt  A.  Helnly.      (13)      Mar.   13. 
Water- Waste    Reduction    by   Meters    in    Kalamazoo.      George   Houston.       (Paper   read 

before  the  Mich.  Eng.  Soc.)       (14)      Mar,  15. 
Duty  of  Water  for  Irrigation,  Amount  and  Character  of  Water  Losses  as  Determined 

by  Extensive  Studies  in  Idaho.     Don  H.   Bark.      (Abstract  from  Annual  Report, 

State  Engr.  of  Idaho.)       (14)      Mar.  15. 
Effect  of  Hypochlorite  Treatment  at  Bvanston.     W.   Lee  Lewis.      (14)      Mar.  15. 
The  10  000-Horsepowcr  Turbines  at  Keokuk,  Description  of  the  Design,  Manufacture 

and    Transportation    of    the    Largest    Water-Wheels    Ever    Built.*       Chester    W. 

Larner.      (14)    Mar.  15;    (20)   Mar.  13. 
Pumping   Water   to   Increase   the   Supply   for   a   Hydro-electric    Plant,    Augmenting   a 

High-Head  Flow  by  a   Comparatively  Low  Lift.*      M.   B.   Lott.      (14)    Mar.   15; 

(27)    Mar.   15. 
The  Present   Condition  of  Small  Water  Purification   Plants   in   Illinois,  Fault  in   De- 
sign   and   Operation.      Ralph   Hilscher.       (Paper   read   before  the   Illinois   Water 

Supply   Assoc.)       (86)      Mar.   19. 
The   Special    Features   of   the   Recent  Water  Works    Improvements   at   Rushville,   111. 

F.    H.    Coult.       (Paper    read    before    the    Illinois    Water    Supply    Assoc.)       (86) 

Mar.    19. 
Water  Hammer  Relieved  by  Air  Chambers  on  Pipe  Line  at  Woodsfield,  Ohio.      R.  W. 

Kinnev.      (86)      Mar.   19. 
The    Importance   of   Water   Waste   Investigations    in    the   Smaller    Cities   and    Towns. 

W.  D.  Gerber.      (Abstract  of  paper  read  before  the  Illinois  Water  Supply  Assoc.) 

(86)      Mar.   19. 
Practical   Methods   for  Obtaining   High   Efficiency   in    Water  Works   Pumping  Plants. 

Seabury    G.    Pollard.       (Paper    read    before    the    Illinois    Water    Supply    Assoc.) 

(86)      Mar.   19. 
Proposed  South  Saskatchewan  River  Diversion  Canal.*    (For  Water  Supply  for  Regma 

and   Moose   Jaw.)      F.    M.    Peters.      (96)      Mar.    20. 
Western    Canada    Power    Company's    Hydro-Electric    Plant    at    Stane    Falls.    B.    C* 

(96)      Mar.   20. 
Irrigation  Surveys  and  Water  Powers.     F.  H.  Peters.      (Report  to  the  Government.) 

(96)    Mar.   20. 
London's   Water   Supply.*       (New   Reservoir    at   Chingford.)       (104)    Mar.    21;    (66) 

Mar.  18;    (12)   Mar.  14  ;    (11)   Mar.  14. 
The  Water  Supply  of  Devonport.     F.  W.   Lilllcrap.      (Abstract  of  paper  read  before 

the  Roval  Sanitary  Institute.)      (104)      Mar.  21. 
The  Drainage  of  Egypt.     Sic  Hanbury  Brown.      (12)      Serial  beginning  Mar.  21. 
An   Irrigation   Pumping   Plant  at  Mercedes,  Texas.*      (14)      Mar.   22. 
Water  Supply  of  Provo.  Utah.*      (14)      Mar.  22. 
Ni.squallv  River  Pipe-Line   Bridge.*      (14)      Mar.  22. 

Elimination  of  Tastes   from  Chlorinated  Water,  Experience  in   Treating  Lake  Michi- 
gan   Water    .\fter   Disinfection    with    Hypochlorite   of   Lime,    with    Sodium    Thio- 

sulphate.      Arthur    Lederer    and    Frank    Bachmann.       (Abstract    of    paper    read 

before  the  111.  Water  Supply  Assoc.)      (14)      Mar,   22. 
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Water  Supply     (Continued). 

The    Saninan>,'or    Ilyrlroeloctrio    Plant:    High-Head    Develnpiiiont    Built    by    the    City 

of  RrrKPii.  Norway. •      (14>      Mar.  22. 
Mount     Hood    Tlvdroeloctrio    Developments.*       W.    P.     Brereton    and     R.     H.     Mulock. 
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Although  statics  will  not  suffice  to  determine  the  stresses  in  a  flat 
slab  floor  of  reinforced  concrete,  it  does  impose  certain  lower 
limits  on  these  stresses.  It  is  the  purpose  of  this  paper  to  inquire 
into  these  limiting  stresses  and  to  establish  their  values  for  comparison 
with  those  obtained  by  current  methods  of  designing  floors. 

The  nature  of  the  limitations  imposed  by  statics  is  best  shown  by 
an  illustration.  If  we  are  told  that  three  stones  weigh  6  lb.,  this  does 
not  establish  the  weight  of  any  one  stone,  but  it  does  ensure  that  the 
heaviest  stone  weighs  at  least  2  lb.  Therefore,  although  we  cannot 
determine  the  value  of  the  stress  at  a  given  section  of  a  flat  slab  by 
statics,  we  can  establish  a  stress  intensity  for  the  steel  which  will 
certainly  be  attained  and  possibly  greatly  exceeded.  Such  a  quantity 
would  point  out  the  existing  danger  of  overstressing  the  steel,  even 
though  it  could  not  assure  us  of  safety. 

Consider  the  case  of  an  intermediate  panel  in  a  floor  of  the  ordinary 
flat  slab  type,  supported  on  flare-topped  colunuis,  extending  indefinitely 
on   all  sides,  the  whole  floor  subject  to  full  uniform  live  and  dead 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  bo  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceeding fs,  and,  when  finally  closed,  the 
papers,   with  discussion  in  full,  will   be  published   in   Transactions. 
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load.  This  is  the  case  ordinarily  presupposed  in  the  design  of  a  floor 
of  this  type.  For  simplicity  we  will  consider  all  the  panels  square, 
and  will  discuss  the  equilibrium  of  that  portion  of  the  panel  which 
is  heavily  outlined  in  Fig.  1,  a.  quarter-panel,  omitting  the  area  over 
the  column  top. 

The  forces  acting  on  this  portion  of  the  slab  are  its  own  weight 
and  the  live  load,  both  uniformly  distributed  over  its  surface;  the 
vertical  shear  on  the  curved  section,  A;  and  the  couples  (in  vertical 
planes)  on  tlie  sections.  .4,  B,  C.  D,  and  E. 

.i_ 

D  I  I         \ 


-f 


----- — ^M-^-^-X 


Fig.     1  1 

The  assumption  that  there  is  no  shear  on  the  sections,  B,  C,  D, 
and  E,  is  not  made  arbitrarily,  however  reasonable  it  may  be.  Not 
only  is  it  a  reasonable  assumption,  but  it  is  the  most  favorable 
that  can  be  made  with  reference  to  low  stresses.  For,  if  any  shear 
existed  on  one  of  these  sections,  in  such  a  way  as  to  les.sen  the  other 
stresses,  this  same  shear  acting  in  a  reverse  direction  on  the  adjacent 
quarter-panel  would  increase  correspondingly  the  stresses  there,  and 
we  would  have  to  give  our  attention  to  that  quarter-panel  which  in- 
volves the  greatest  stresses.  Obviously,  the  most  favorable  supposi- 
tion is  that  all  quarter-panels  are  equally  effective  load  carriers,  and  this 
means,  as  just  stated,  absence  of  shear  from  the  four  straight  sides. 
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The  only  outright  assumption  to  be  used  as  a  basis  for  tlie  inquiry 
is  that  the  shear  on  the  curved  section,  A,  is  uniformly  distributed. 
'I'ho  reasonableness  of  this  assumption  is  obvious,  and  besides,  a  con- 
siderable variation  in  the  shear  on  A  involves  only  a  slight  error  in  the 
results  we  shall  obtain,  for  the  only  use  made  of  this  assumption  is 
in  locating  the  resultant  of  the  vertical  shearing  forces. 

If  the  unit  live  and  dead  load  is  xv  i)ounds  per  square  foot,  the 
iMial    load  (III   the  (luarter-panel  is 


Fig.  2. 
The  vertical  shear  on  A  has  the  same  value,  and  these  tvpo  vertical 
forces  together  form  the  bending  couple  acting  on  the  quarter-panel, 
which  is  balanced  by  the  resisting  couples  on  the  five  sides.  The 
resultant,  B,^  (Fig.  2),  of  the  shearing  forces  on  A,  is  at  the  center 
of  gravity  of  the  90°  arc  at  A,  which  is  on  the  diagonal  line  from  the 
column  to  the  opposite  corner  of  the  quarter-panel,  and  is  distant 
from   the  center  of  the  column 

2  V^ 


*  See. any  Engineers'  Handbook. 
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The  resultant  of  the  loads  passes  through  this  same  diagonal  line. 

Its  distance,  z,  from  the  center  of  the  column  is  obtained  as  follows,      , 

taking  moments   about  the  column  center: 

Area.       Distance.  Moment. 

L-  L       ,  TJ      , 

Square -—   X-7-V2    =-rT   V2 

4  4  lb 

Quadrant.  .  .  — ^  X  -^--r*  =  ^   \/2 
4  3  TT      "  3 


Difterence . 


V  16  3  / 


Distance  to  i?j  is  z 


L^        Tt  r^^ 

T  ~~^ 

The  distance,  a,  between  R^  and  R„,  is 

16  3        /   -         2  7-0       ,-  16         3  2  TT   ^    2      ,^- 

a  =  -—; 5  V  2  — ^  V  2    =  --, 5 V  2. 

L-       Tt  r^-  Tt  L-        Tt  Tq 

We  may  now  write 

If  =  J?,  a, 

or,  putting  in  the  values  of  R  and  a,  just  found, 

V 16  2  Tt  6  / 

Let  r-Q  =  k  L 

,  V  2  /  8  H      .,  \ 

3/  =  ,r  L-^  -4—  n  —  —  fc  +  — -  A-M 


6      V  TT 


16    V  TT  3 

where  M  is  the  couple  made  up  of  the  load  and  the  supporting  shear 
in  the  vertical  diagonal  plane  through  R^  and  R^- 

The  component  of  this  couple  about  a  horizontal  axis  parallel  to 
the  side,  B,  is 

Jf^  =  ^-^  (1  —  2.55  A;  +  2.67  fc'^) 


where  K  = 


M^  =  K  10  TJ 
1  _  2.55  A;  +  2.67  A-^ 
16  ■ 


*  See  any  Engineers'  Handbook. 
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My,  tlie  compuiiunt  of  M  about  a  horizontal  axis  parallel  to  D, 
L'vidently  has  the  same  value  as  i/^.. 

Values  ol'  A  for  ordinary  values  of  k  are  given  in  the  diagram, 
Fig.   -<i. 

Having  lound  the  attacking  couple,  M  (or  its  two  components 
J/j  and  My),  there  remains  but  to  point  out  that  the  resisting  moments 


0.050 
0.019 
0.048 

o.otr 

0.016 

■    S 

\ 

\ 

V 

\ 

\ 

\ 

\ 

n  fui 

\ 

0.043 

0.042 
so 
'"0.041 

0.040 

S 

\ 

\ 

+ 

\ 

iS 

^ 

\^ 

1-1 

\ 

0.038 
0.037 
0.036 
0.035 
0.034 
0.033 
0.a32 

\ 

\ 

N. 

\ 

\ 

\ 

s. 



\ 

0.08  0.09  0.10  0.11  0.13  0.13  0.14  0.15  O.IG  0.17  0.18  0.19  0.20 


I- -2.0 
'^-  L 


Fig.  3. 


on  the  five  sides  of  the  quarter-panel,  taken  together,  must  be  suf- 
ficient to  balance  M  and  hold  this  portion  of  the  slab  in  equilibrium. 
If  these  resisting  moments  be  expressed  in  terms  of  the  stress  in  the 
steel,  it  is  easy  to  determine  whether  any  given  design  satisfies  this 
purely  statical  requirement.  It  will  be  worth  while  to  carry  the  in- 
quiry a  little  farther  and  apply  the  results  already  obtained  to  a 
few  simple  types  of  reinforcement. 
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J^-— Perhaps  the  simplest  type  consists  of  rods  parallel  to  the  sides 
of  tlie  square  panels,  at  the  top  of  the  slab  where  they  cross  A,  C, 
and  D  (Fig.  4),  and  at  the  bottom  where  they  cross  B  and  E.  Let 
Ag  be  the  total  area  of  all  the  rods  in  both  directions  in  a  panel,  d' 
the  vertical  distance  from  the  center  of  the  steel  to  the  center  of  com- 
pression of  the  concrete,  and  fg  the  unit  stress  in  the  steel.     The  area 

of  cross-section  of  the  steel  in  Section  B  is  -:^^,  the  total  tension  is  -^* 

4  4    ■ 

and  the  resistini;  moment  on  />  is 


Rods  at  top 


-I- — \---i ^-4--t---h-H---h--l---|--+- 

I     I      I      I     I     I      1     I      I      I      I     I 
r-i--t — ^-4 — h--t--^--f--^--^-~-l-- 

I         I        I        I         !        I        I         i        I         I         I         I        I 

^ I--+--H 1 1 1 \- — I 1 1 h-  +  - 

I        I        I        I        III 

^ h-i — i k_f  .-  +  --1--  ^ 1- — [._-^_  +  _ 

I      I      I      I      I      I      I      I      I      I      I      I 

H ^-  +  -H |---l---f--l---|--H I--  +  --I--- 

I      I      I      I      I      I     I      I      I      I      I      I      I 

4--+-  +  -H h-  +  -  +  -4--4--+-i--  +  ~+- 

I        I        I        I        I        I        I        I        I        I        I        I        I 

j___|.__i.__i--4--|--+_-|--  +  _-|-_4-H 1-- 
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I         ^ 

-  Rods  at  bottom 
Fig.  4. 
Similarly,    the    resisting   moment    on    C,    including   the   component 
about  an  axis  parallel  to  C,  of  the  moment  on  A,  is 

We  have,  from  statics,  the  condition  of  equilibrium  that  the  sum 
of  the  moments  about  any  axis  must  be  zero.  Applying  this  prin- 
ciple to  the  present  case,  and  taking  a  horizontal  axis  parallel  to  C, 
we  set  M^  =  3fg  +  J/p^ 

=  ^  d'  f  =  K  V  L- 


or, 


A^  rt'/;  =  2  K  w  L-^ 
_  2KwL^ 

•'  ~     d'~A7' 
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It  -lioiilil  lie  iMiriu'  in  iiiiiid  that  this  is  the  lowest  limit  of  the 
vahic  i>(  .1,  for  a  i;i\i'ii  inaxiiiiiim  /,,.  consistent  with  the  fundamental 
l.rinci|i!es  of  statics;  and  the  maximum  stress  in  the  steel  for  a  given 
.1,  will  not  be  as  low  as  f^,  except  under  the  conditions  already  as- 
sumed (and  they  are  the  most  favorable  possible),  and  under  the 
t'lirthi  T  a-^sumiUiun  that  all  the  steel  at  all  the  five  sections,  which 
constitute  the  periphery  of  the  quarter-panel,  is  uniformly  stressed. 
If  the  stress  intensity  is  less  than  /\.  at  any  point,  it  must  necessarily 
!)(•  greater  than  /,.  at  some  other  point.  The  stated  value  of  fg  is 
certainly  reached  and  may  be  greatly  exceeded. 

II. — If  the  area  of  the  steel  is  doubled  at  the  sections  subject  to 
negative  bending.  l)y  lapping  the  rods  a  sufficient  distance  at  the  top 
of  the  slab  where  they  cross  the  sides  of  the  whole  panel,  we  may  write 

T 

A, 


3/g  =  — ~  fV  f^.  as  before. 


1)111  now 


McA 

= 

s 

•2 

-  (1 

/,, 

^. 

= 

M, 

+ 

McA    = 

'''.^■ 

= 

4 

K 

,r  L' 

f 

4  K  w 

L^ 

A.d'T. 


•'•'  8  cV  A, 

III. — xV  type  of  reinforcement  in  common  use  consists  of  equal 
belts  of  rods  in  four  directions,  all  passing  over  or  near  the  tops  of 
the  columns  (Fig.  5).  All  the  rods  are  at  the  bottom  of  the  slab  mid- 
way between  the  columns  and  at  the  top  over  the  columns.  The  pull 
in    the    rods   piercing  the   side,    B,   of   the   quarter-panel,   amounts   to 

•^.^J' f,-nm  the  half  of  the    P,..lt(l)  and  "^^ '-'    from    the    halves    of    the 

Ijflts  {•!)  and  (."5),  where  A  ,^  is  the  area  of  cross-section  of  one  belt. 
Both  of  these  are  normal  to  the  side,  L*.  The  resisting  moment  on  B 
is  then 

Mr 


■  steel  over  the  column 


Similarly,  for  the  steel  over  the  column 
McA  = 
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Theu 


K  w  L^ 


A^  = 


2.41  d'y; 

The  total  cross-sectional  area  of  the  four  belts  is 

im  K  w  L^ 
A„  =  i  A„  = 


d'fs 


A^  d'  S\  =  1.G6  K  w   L^ 
l.m  K  w  L^ 


d'  A, 


Fig.   5. 

The  value  of  Ag  for  this  type  appears  to  be  less  than  that  for 
Type  I,  other  things  being  equal,  but  as  half  the  rods  here  are  1.41 
times  as  long,  neither  type  shows  economy  over  the  other  in  weight  of 
steel. 

IV. — A  fourth  type  is  like  Type  III  except  that  the  diagonal  rods 
are  doubled  over  the  column  by  lapping,  and  the  rectangular  or  short- 
way  belts  remain  in  the  bottom  of  the  slab  even  where  they  pass  over 
the  columns. 


2.(52  d'S\ 

1, 

,53  K  w 

L' 

d'fs 

1. 

53  K  w 

L' 

1. 

.53  K  w 

t' 

I 
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Using  the  same  notation  as  before,  we  have 

Ma  =  1.21  A^  d'  J\  as  in  Type  III, 

M,,,=  l^cry;  =  1.41.1,  <r/; 

V    2 
M,  =Ms  +  McA  =  2.(52  A,  d\f] 
K  w  L^ 

•^'  ^        cV  A,       ■ 
V. — The   fifth    and   last    type   of    reinforcement   we   shall   examine 
here  is  like  Type  III,  except  that  all  the  belts  are  doubled  by  lapping 
a  sufficient  distance  over  the  columns. 

M^  =  1.21  A,  d'f, 
Jfe.4  =  2.41.4,cZ'/; 
M^  =  S.62  A,  d'f^ 
^     ^,  .        KwL^ 

A^d'f]  =  l.lOoKw  L^ 
.  _   1.105  Kio  L^ 
■^'  ^         d'  A^        ' 
For  purposes  of  illustration,  take  k  at  0.10,  a  possible  and  perhaps 
a  common  value.     Then  K  =  0.0467,  and  we  may  state  the  results  of 
this  inquiry,  as  applied  to  this  case,  as  follows,  inserting  W  in  place 
of  w  L^.  _,  ,    ,■  f 

Type.  A^  d  /^. 

W  L 

I.  0.0935  W  L  or 


II.  0.0623  W  L  or 

III.  0.0775  W  L  or 

IV.  0.0713  W  L  or 
V.  0.0517  W  L  or 


10.7 
WL 

16 
WL 
12.0 
W  L 

14 
WL 
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W  L 

If  ^1^.  <r  t^.  =  — ^^,  the  values  of  X  are  <riven  for  the  five  types  in 

tlie  diagrani.  Fiff.  (>. 

There  remains  but  to  point  out  the  bearing  of  all  this  on  current 
practice  in  the  design  of  flat  slabs.  It  cannot  be  recalled  too  often 
that  the  results  obtained  in  this  paper  are  based  solely  on  statics  and 
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the  single  assumption  that  the  shear  around  the  periphery  of  the 
column-top  is  uniform.  The  stress  obtained  is  not  the  actual  maximum 
stress  in  the  steel,  but  is  the  lowest  value  which  this  stress  can  pos- 
sibly have  under  the  loads  and  conditions  assumed.    The  actual  stresses 
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aro  dett'nniiioci  b.v  the  clastic  properties  of  the  materials,  ai\d  tlicir 
(•omputation,  to  say  the  least,  is  intricate.  With  whatever  industry  the 
[>o\vers  of  higher  mathematics  and  the  mysteries  of  Grashof  s  formulas 
ami  Poisson's  ratio  may  be  invoked,  they  cannot  justify  a  result  for 
ilio  maximum  stress  in  the  steel  smaller  than  the  limiting  value  deter- 
'iiiucd  in  this  paper. 

It  will  be  said,  however,  that  many  flat  slab  floors  are  now  standing 
under  loads  which,  according  to  the  results  of  this  inquiry,  imply  a 
very  high  stress  in  the  steel;  and  other  flat  slabs  have  been  tested  with 
load.-^  wliich.  if  these  results  are  correct,  would  seem  to  bring  on  the 
steel  a  stress  in  excess  of  its  ultimate  strength.  It  will  usually  suffice 
to  discuss  such  evidence  when  offered,  but  one  fact  may  be  pointed 
out  in  advance,  namely,  that  such  test  loads  have  been  generally  applied 
to  single  interior  panels,  and  in  this  case  the  lateral  strength  and 
rigidity  of  the  adjoining  panels  afford  admirable  abutments  for  a  con- 
crete arch  or  dome. 

In  the  case  of  "buildings  in  actual  use,  of  course,  it  seldom,  if  ever, 
happens  that  a  whole  floor  is  loaded  with  anything  approaching  its 
full  live  load  at  one  time.  Here  and  there  a  panel  might  be  fully 
Inailcd.  liut,  through  arch  or  dome  action,  a  lightly  loaded  panel  helps 
a  heavily  loaded  panel  as  it  could  not  do  if  all  were  fully  loaded.  Then 
again,  designers  have  happily  been  in  the  habit  of  providing  a  factor 
of  safety  which  possibly  accounts  for  the  integrity  of  many  existing 
buildings.  If  these  mitigating  circumstances  are  to  be  made  use  of 
in  the  interest  of  economy,  it  should  be  done  deliberately  and  with 
eyes  open,  not  under  cover  of  an  incorrect  method  of  design.  Specifica- 
tions might  very  well  call  for  one  live  load  for  a  single  panel  and 
another  lighter  load  for  the  loading  of  an  entire  floor,  thus  recognizing 
and  permitting  reliance  on  dome  action. 

The  method  of  analysis  used  in  this  paper  is  applicable,  of  course, 
to  cases  involving  shapes  of  column  top  other  than  circular  in  plan, 
and  to  rectangular  as  well  as  square  panels.  Designs  involving  a  deeper 
-lab  near  the  column  than  at  mid-span  can  also  be  investigated  by 
this  method;  but  space  will  not  be  taken  here  to  go  into  that.  The 
|)aper  will  have  served  the  writer's  purpose  if  it  makes  clear  the  nature 
of  the  limitations  set  by  statics  upon  the  load-carrying  capacity  of 
flat  -lal)  floors  with  reference  to  the  stress  in  the  steel,  and  sufficiently 
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illustrates  the  application  of  the  principles  involved  to  facilitate  their 
extension  to  other  cases  that  may  arise. 

In  closing,  the  vpriter  asks  those  who  criticize  this  paper  not  to  con- 
fine themselves  to  citing  evidence  appearing  to  conflict  with  his  find- 
ings, but  also  to  point  out  any  errors  they  may  find  in  his  premises  or 
reasoning. 
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While  the  geodesist  and  the  precise  mechanic  have  heen  striving 
l>,v  independent  or  collateral  effort  to  raise  the  art  of  leveling  to  the 
dignity  of  an  exact  science,  it  is  quite  evident  that  such  investigations 
have  induced  too  great  a  complexity  in  instrumental  construction. 

Tn  any  leveling  operation  the  tangential  axis  of  the  bubble  should 
be  regarded  as,  the  datum  plane,  and  the  line  of  sight  as  the  base  line 
on  which  the  survey  is  constructed.  If  the  telescope  is  properly  colli- 
mated,  the  line  of  sight,  or  rather  the  plane  of  vision  indicated  by  the 
central  horizontal  wire,  will  occupy  the  equator  of  the  field  of  view, 
and,  for  any  ordinary  distance,  will  describe  a  true  horizon  when  regu- 
lated by  a  properly  adjusted  spirit-level  of  suflBcient  sensibility. 

The  fundamental  requirements  in  any  leveling  instrument  are 
simple  in  the  essentials,  but  they  have  been  made  intricate  by  the 
intrusion  of  mechanical  details  between  the  elements  on  which  de- 
pond  the  accuracy  and  rapidity  of  the  operation. 

The  primary  object  is  to  preserve  parallelism  between  the  bubble- 
axi.>;  and  the  line  of  sight;  and  to  provide  an  easy  method  of  making 
a  telescopic  observation  simultaneously  with  an  ordinary  observation, 
necessary-  to  adjust  the  bubble  accurately  to  the  center  of  its  run. 


Note. — These  papers  arc  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion   in  full,  will   be  published   in   Transactions. 
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In  the  Wye-level*  we  are  required  to  test  this  most  vital  adjust- 
ment through  the  Y-supports  and  the  collars,  which,  at  various  times, 
have  been  made  of  red  metal,  bell  metal,  steel,  or  invar,  and  supported 
on  ivory  or  agate  pivots,  depending  on  the  degree  of  precision  sought  in 
the  work.  The  collars  are,  in  reality,  at  the  basis  of  adjustments, 
and  the  idea  of  supporting  them  on  agate  pivots,  or  anything  else  that 
would  tend  to  wear  them  out,  is  only  one  of  the  fallacies  experienced 
in  the  attempt  to  eliminate  the  instrumental  inequalities  which  affect 
the  final  result. 

In  the  Wye-level,  we  are  also  dependent,  for  a  successful  perform- 
ance, on  the  perfect  verticality  of  the  vertical  axis,  which  shovdd  be 
considered  preferably  only  as  a  means  to  an  end;  for,  if  by  some 
more  facile  method  we  can  adjust  the  bubble  and  the  sight-line  to 
parallelism,  we  are  certain  of  projecting  a  truly  horizontal  line  when 
the  bubble  occupies  the  center  of  its  run,  irrespective  of  the  conditions 
existing  in  the  leveling  base. 

The  practice  of  interrupting  the  connection  between  the  telescope 
and  the  vertical  axis,  with  a  set  of  horizontal  elements  pivoted  at  one 
end  and  connected  at  the  other  with  a  "vertical  adjustment"  through 
a  micrometer  or  gradienter  screw,  was  first  utilized  by  George  F. 
Brander,  of  Augsburg,  in  1769.  This  constitutes  the  first  great  and 
only  fundamental  improvement  that  has  ever  been  applied  to  the 
mechanical  construction  of  the  Wye-level.  It  was  adopted  by  Professor 
Stampfer,  of  Vienna,  then  by  Kern  and  other  European  manufacturers, 
until  to-day,  it  is  practically  the  only  type  of  Wye-level  used  on  the 
Continent. 

The  pivots  were  not  moved  to  the  center  of  the  base-ba.rs  until 
Ertel,  of  Munich,  did  so  in  1842 ;t  and,  as  we  learn  from  Englebreit's 
"In.strumente  der  Geodasie"  (ISTurnberg,  1852),  they  were  soon  after 
elevated  in  the  cradle-^vye  to  the  center  line  of  the  telescope  where  no 
amount  of  correction  would  have  any  effect  upon  the  height  of 
instrument.:}; 

The  Stampfer,  or  the  Kern  model,  which  does  not  differ  in  essen- 
tial  details   of   construction,   was   first   adopted    in   the   United    States 


*  Invented  by  Jonathan  Sissons,  of  London,  in  1740.    See  article  by  Daniel  Eckstrom  in 
the  Journal.  Roval  Swedish  Acad,  of  Sci.,  Vol.  V,  1743,  p.  144. 

t  See  article  bv  Cotta  in  Dhiglcr''s  Polyiechnisches  Journal,  Vol.  S4,  1842. 

t  See  also  "  Die  Geomatrischen  Instrumente,"  Dr.  G.  C.  HuniLus,  Hanover.  1804,  p.  439. 


I'iipcrs.]     IJEC'EXT  IMriJOVK.M  HXTS    IX    l.KV  i:i,[  X(i    IXSTHUMKxNT.S 


(i;;.') 


Lake  Survey,  in  1876,  and  was  used  to  the  exclusion  of  other  types  in 
the  TI.  S.  Coast  and  Geodetic  Survey  until  1900. 

Professor  Stampfer,  who  applied  the  gradienter  screw  of  tliis  con- 
st ructioTi  to  the  portable  transit  instrument  in  the  early  Seventies  of 
the  last  century,  began  experiments,  in  the  early  stages  of  his  career,  by 
apply inji'  to  all  leveling  operations  the  principle  of  reversion  in  the 
widest  sense,  not  only  to  the  instrument  itself,  but  to  the  operations 
performed  with  the  instrument. 

In  principle,  the  primitive  diopter  of  ancient  origin  was  well 
adajited  to  the  theory,  as  will  appear  from  inspection  of  Fig.  1. 


\\l 

ANCIENT  DIOPTER, 
SHOWING  REVERSION   PRINCIPLE 
OF  ADJUSTMENT 

Fig.     1. 

It  is  difficult  to  say  where  instruments  of  this  character  had  their 
origin,  but  we  need  not  look  back  farther  than  1(560  when  Thevenot 
invented  the  bubble-vial.  They  were  supplied  only  with  peep-holes  and 
crossed  horse-hair  sights,  but  their  construction  reduced  the  process 
of  adjustments  to  the  simplest  possible  terms. 

Tn  this  case  we  are  relieved  of  any  necessity  for  perfect  verticality 
in  the  vertical  a-\is.  If  the  first  sight,  which  may  be  assumed  as  hav- 
ing been  taken  through  ah,  intersected  the  rod  at  c,  on  reversing  the 
instrument,  and  re-centering  the  bubble,  if  necessary,  we  should  have 
the  second  observation,  as  through  //  a',  intersecting  the  rod  at  c,  under 
precisely  the  same  conditions  which  controlled  the  first  observation. 
Having  established  by  this  artificial  means  a  true  horizon  for  the 
height  of  instrument  at  e,  it  is  not  difficult  to  arrange  the  sights,  a 
and  /'.  into  the  alignment,  dc,  which  must  be  parallel  with  the  axis  of 
the   bubble.      This   simple    operation    constitutes    a    most   accurate    and 
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effective  means  of  adjustment  and  one  which  is  free  from  the  in- 
fluence of  any  mechanical  defects  in  the  instrument  itself. 

In  a  telescopic  sight,  however,  with  a  carefully  collimated  and 
unalterable  sight  line,  we  are  confronted  with  a  slightly  different 
problem,  in  which  the  telescope  must  first  be  brought  into  coincidence 
with  the  mean  of  two  such  observations  and  the  bubble  finally  read- 
justed to  fit  this  condition. 

Professor  Stampfer's  attempt  to  substitute  an  optical  system  which 
could  be  utilized  for  this  peculiar  purpose  resulted  in  the  model 
illustrated  in  Fig.  2. 


STAMPFER'S  DIOPTER 

side  and  front  elevation 

Fig.  2. 

The  optical  sight  consisted  of  two  plano-convex  lenses  of  about 
5  mm.  aperture  and  about  32  mm.  focal  length,  placed  at  opposite  ends 
of  the  tube,  at  twice  their  focal  length  apart.  Cross-wires  in  the  com- 
mon  focal  plane  were  located  midway  between  them. 

The  aperture  was  purposely  reduced  to  that  of  the  pupil  of  the 
eye,  for,  in  such  a  combination  of  lenses,  the  focus  must  be  practically 
universal,  Avith  an  emergent  beam  consisting  of  nearly  parallel  rays. 
Nothing  would  be  gained,  therefore,  by  producing  a  larger  image  than 
could  enter  the  eye. 

Each  lens  in  turn  could  be  used  either  as  an  eye-piece  or  an 
objective,  and  focusing  was  unimportant  or  rarely  necessary.  The  focal 
length  of  the  "objective"  and  the  "ocular"  being  equal,  the  instrument 
possessed  no  telescopic  power  and  did  not  elevate  the  problem  beyond 
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the  nio.st  eoniiiioni)]ace  ooiisideration,  except  that  it  was  possible  to 
secure  a  simultaneous  view  of  the  cross-hairs  and  a  distant  target, 
without  straining  the  accommodative  function  of  the  eye. 

Fig.  2  is  reproduced  from  Bauemfeind,*  who  says,  as  one  would 
translate: 

"The  nietliud  utilized  the  most  rational  means  of  instrumental  ad- 
justment and  of  balancing  observations,  and  was  really  capable  of 
vei-y  accurate  work.  The  lengths  of  sights  were  strictly  limited  to 
the  range  of  human  vision,  but  experience  has  demonstrated  that  its 
error  fell  within  1:20  000." 

In  the  first  edition  of  Gillespie's  "Surveying"  (1855),  mention  is 
made  of  an  attempt  to  construct  such  an  instrument  in  America,  but 
the  proposition  was  abandoned  because  there  seemed  to  be  no  means 
of  supplying  telescopic  power  to  an  instrument  which  required  optical 
components  of  symmetrical  formation  at  both  ends  of  the  tube. 

The  idea  was  temporarily  forgotten,  but  after  discussing  the  matter 
in  correspondence  with  W.  G.  Raymond,  M.  Am.  Soc.  C.  E.,  and  Mr. 
G.  N.  Saegmueller,  in  1904,  the  writer  utilized  it  as  a  theme  for  con- 
siderable reflection  and  study.  Whatever  may  be  said  for  the  achieve- 
ments of  the  '^practical  man"  or  the  precise  mechanic  in  the  perfection 
of  engineering  instruments,  this  attempt  to  depart  from  the  endless 
arguments  attendant  on  the  theory  of  compensating  errors  in  all 
present  instrumental  types,  was  clearly  a  problem  for  the  scientific 
optician. 

An  appeal  was  made  to  the  best  talent  in  both  America  and  Ger- 
many.! and,  after  nearly  three  years  of  investigation  in  both  the 
laboratory  and  field,  telescopic  optics  of  any  desired  power  have  been 
applied  at  last  to  the  principle  of  reciprocal  vision  in  the  palindromic 
telescope  herein  described,  which  might  be  otherwise  kno^ni  as  an 
optical  Janus. 

The  new  "Compensation  Level"  is  shown  in  both  elevations  in  Figs. 
3  and  4,  and  in  transition  in  Fig.  5.  The  writer  is  responsible  for 
the  details  in  its  mechanical  construction,  which  is,  as  it  should  be, 
only  a  means  to  an  end — a  vehicle  of  manipulation  which  does  not  in 
any  appreciable  manner  enter  into  the  character  of  the  result. 


*  "Elemente  der  Vermessungskunde,"  by  Dr.  C.  M.  Bauernfeind,  Mtinchen,  18S6,  Vol.  1, 
p.  :»0.  etc. 

+  Ztit.ichrift  filr  Instrnmentenkunde,  Berlin,  Nov.,  1909,  Heft  11  ;  ibid..  Vol.  12,  Nov., 
1892.  p.  377. 
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This  instrument  has  a  system  of  optics  which. possesses  a  fascina- 
tion for  students  of  both  pure  and  applied  science,  comprising  two 
achromatic  objectives  of  equal  aperture  and  focal  length,  so  immovably 
disposed  at  opposite  ends  of  the  tube  that  their  principal  focii  over- 
lap, but  fall  slightly  short  of  the  space  between  them.  The  lens  system 
is  a  perfectly  symmetrical  one.  What  is  true  of  one  direction  is  true 
of  the  other;  the  argument,  therefore,  will  be  conducted  in  the  singular. 

In  all  telescopes  heretofore  applied  to  engineering  instruments, 
focusing  has  been  conducted  either  by  movement  in  the  objective  draw- 
tube,  or  by  the  ocular  tube  in  which  the  diaphragm  and  eye-piece  are 
mounted;  and  while  at  least  the  first  method  was  attempted  in  the 
experimental  stages  of  this  problem,  it  has  been  thought  desirable, 
above  every  other  consideration,  to  fix  permanently  the  relationship 
between  each  objective  and  its  corresponding  cross-line  sight. 

If  the  plane  of  the  cross-wires  is  placed  at  the  farthermost  con- 
jugate focal  plane  of  the  objective,  we  are  required  to  concentrate  a 
pencil  of  light,  the  origin  of  which  may  be  at  any  position  in  the  field, 
by  intercepting  the  rays  somewhere  between  the  objective  and  the 
cross-lines,  with  a  double  concave  or  negative  lens  ground  to  curvatures 
of  long  radius. 

This,  therefore,  is  a  lens  of  low  sensibility,  the  function  of  which  is 
to  divert  slightly  the  convergent  rays  to  suit  every  circumstance, 
depending  only  on  the  position  in  the  tube  at  which  these  rays  are 
intercepted.  An  inspection  of  Figs.  6  and  7  will  give  an  idea  of  the 
position  of  the  intermediate  lens,  both  for  infinity  and  proximity. 

In  the  first  case  (Fig.  6),  rays  entering  the  objective  in  nearly 
parallel  lines,  from  the  most  distant  points  in  the  field,  Avould  naturally 
form  an  image  at,  or  near,  the  principal  focus  of  the  objective  at  F, 
as  indicated  by  the  longer  dotted  lines;  but,  in  passing  through  the 
negative  lens,  the  rays  are  slightly  bent  toward  the  prism  base,  and  do 
not  come  to  a  focus  until  they  reach  the  plane  of  the  cross-wires,  as 
indicated  at  F^. 

If  the  incident  beam  enters  the  objective  in  divergent  rays  from  a 
near-by  object,  as  in  Fig.  1,  it  would  naturally  converge  on  a  con- 
jugate focal  plane,  at,  or  very  near,  the  fixed  position  of  the  cross- 
lines.  In  this  case  the  negative  lens  is  moved  nearer  to  the  diaphragm, 
where  it  will  exert  the  least  refractive  influence. 
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This  arrangement  of  lenses  does  not  preclude  the  use  of  the  stadia 
interval,  and  provides  a  most  efficient  and  satisfactory  means  of  focus- 
ing, which  may  now  be  adopted  in  tachymeters  or  theodolites  for 
mines  and  other  such  purposes,  where  an  impervious  telescope  and  a 
greater  security  in  the  collimation  adjustment  are  of  prime  con- 
sideration. 

As  applied  to  leveling  instruments,  the  intermediate  lens  would 
suggest,  to  a  highly  theoretical  mind,  the  possibility  of  not  only  subdu- 
ing the  illumination,  but  of  modifying  the  collimation  adjustment 
which  constitutes  the  one  and  only  imperative  requirement  on  which 
the  accuracy  of  this  instrument  depends. 


i---^^^^?P 


---ti — 'J — 


POSITION   OF  NEGATIVE-  LENS  FOR  DISTANT  OBJECTS. 
Fig.  6. 


POSITION   OP  NEGATIVE  LENS  FOR  NEAR-BY  OBJECTS. 
Fig.    7. 

The  scientific  optician  allows  for  a  loss  of  about  8%  in  illumina- 
tion, by  reflection  and  absorption,  in  any  polished  lens  of  ordinary 
thickness;  but  this  phenomenon  is  apparent  only  to  a  trained  eye,  and 
may  be  nearly  corrected,  without  making  a  sacrifice  to  other  optical 
qualities,  by  increasing  the  diameter  of  the  objective  4  or  5  per  cent.  In 
this  instrument,  as  illustrated  in  Figs.  3,  4,  and  5,  there  are  no  more 
lenses  than  are  necessary  in  any  terrestrial  telescope  commonly  used 
by  the  American  engineer  for  most  azimuth  instruments  and  for  many 
types  of  levels. 

To  favor  light  conditions,  under  these  circumstances,  it  has  been 
thought  desirable  to  consider,  by  preference,  the  astronomical  (invert- 
ing) ocular  which  is  most  advantageously  suited  for  leveling  instru- 
ments, whereas  it  might  cause  some  annoyance  in  transits  or  theodolites, 
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Wlu'u  the  tiirget  rod  is  ust'd.  the  target  itself  is  not  changed  in 
ai»poaranco  when  viewed  upside  down,  and  in  self-reading  rods  the 
figures  have  only  to  be  inverted  to  produce  a  normal  appearance  in  the 
field  of  view.  In  general,  it  may  be  assumed  that,  if  any  level  is 
suiiplied  with  a  Ramsden,  Huyghens,  Kellner,  Steinheil,  or  an  ortho- 
seopic  ocular,  and  the  rod  with  inverted  figures,  the  best  selection  in 
tlie  character  of  the  outfit  has  been  procured. 

The  optical  arrangement  in  this  instrument  is  such  that  two  in- 
terchangeable astronomical  oculars,  producing  magnifications  equal  to 
XlS  and  A'26,  maj'  be  used.  This  has  been  thought  desirable,  not  only 
for  the  regulation  of  power  and  light,  but  to  provide  against  mis- 
fortune through  loss  of  one  or  the  other. 

Although  the  inverting  ocular,  therefore,  is  to  be  most  highly 
recommended,  it  is  not  impossible  to  utilize  the  erecting  type,  as  shown 
in  connection  with  Fig.  10,  by  which  a  magnification  of  X20  is  se- 
cured. With  this  eye-piece,  the  superlative 
optical  qualities,  with  respect  to  illumination 
and  size  of  field,  cannot  be  expected,  but  it  has 
been  designed  as  an  option  for  those  who  are 
confused  by  an  inverted  image.  The  erecting 
eye-piece,  together  with  an  erroneous  idea  that 
the   accuracy   of  the   sight  is   proportional   to 

,        ,  1         ,.      1  .       1  .  1         »  FiNE  CROSS-LINES 

the  length  oi  the  optical  axis,  are  the  factors        etched  on  surface  of 
which    determine   the    unusual    length    of   the  crown  lens 

modern   Wye-level.     The   use   of   an   erecting  ^^' 

eye-piece,  with  the  instrument  under  consideration  as  a  substitute  for 
the  inverting  ocular,  increases  the  length  of  the  telescope  40%,  in- 
creases the  weight  of  the  instrument  20%,  and  reduces  considerably 
the  brightness  of  the  image. 

After  much  experimentation  with  a  new  three-ring  diaphragm 
(which  was  finally  discarded),  it  was  decided,  inasmuch  as  the  ob- 
jectives were  immovably  and  permanently  fixed  in  the  tube,  that  each, 
in  turn,  could  be  made  to  serve  as  an  excellent  substitute  for  a  glass 
diaphragm  for  the  other  optical  system. 

With  this  in  view,  it  became  necessary  to  design  an  elaborate 
coUimating  apparatus  especially  for  this  instrument.  Where  the 
optical  axis  of  each  objective  passes  through  the  other,  a  microscopic 
cross   is  etched  on  the  outer   surface  of   the   crown   lens,   with   a   fine 
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diamond  point,  somewhat  as  shown  in  Fig.  8.  If  the  elements  which 
enter  into  the  collimation  adjustment,  therefore,  are  fixed,  we  may 
rationally  assmne  a  permanency  in  the  adjustment  itself,  and  look  only 
to  the  interior  focusing  lens  for  such  derangements  as  are  possible 
under  ordinary  conditions  of  work. 

The  diaphragm  opening  in  which  the  cross-lines  appear  is  neces- 
sarily, in  this  case,  equal  to  the  full  aperture  of  the  objective.  This 
condition  makes  it  impossible  to  margin  off  the  extreme  outer  rays 
which  produce  a  secondary  spectrum,  but  the  field  of  view  is  much 
larger  than  that  which  is  utilized  by  either  of  the  eye-pieces,  and  a 
slight  fringe  of  color  in  the  periphery  is  not  noticeable,  iinless  a  de- 
liberate search  is  made.  The  working  part  of  the  field  of  view  is  free 
from  si)herical  or  chromatic  aberration,  and  possesses  all  the  optical 
(pialities  v/hich  satisfy  the  most  fastidious  demand.  There  is  nothing, 
however,  to  prevent  the  construction  of  a  diaphragm  of  proper  pro- 
portions as  a  part  of  the  eye-piece  mount,  and  so  fulfill  in  this  i)ar- 
ticular  the  uttermost  requirement  in  the  case. 

The  position  of  the  plane  of  the  cross-lines  has  been  located  arbi- 
trarily where  an  image  will  be  naturally  produced  hj  rays  having 
their  origin  5  ft.  beyond  the  objective.  For  the  shortest  sight  pos- 
sible to  be  observed  through  either  end  of  this  instrument,  1..")  ni.  bus 
been  selected. 

The  collimation  adjustment  consists  of  the  fixation  of  the  intersec- 
tion of  the  cross-wires  into  the  optical  axis  of  the  objective,  as  accom- 
plished by  some  imi)rovised  axis  of  longitudinal  revolution.  The 
collimation  line  in  this,  or  any  ordinary,  telescope  may  be  slightly 
removed  from  this  geometrical  axis,  depending  on  the  amount  of 
eccentricity  which  exists  in  the  objective  mount;  but  it  will  be  parallel 
in  any  case. 

A  thorough  investigation  into  the  probable  causes  of  collimation 
error,  in  reconciling  one  optical  system  with  the  other,  induces  the  con- 
clusion that  the  maximum  total  error  in  reading  must  be  equal  only 
to  the  amount  of  eccentricity  in  the  objectives,  which  is  not  a  pro- 
gressive error  in  any  event,  and,  if  it  occurs  in  the  horizontal  plane, 
is  a  negligible  quantity,  however  great. 

With  the  facilities  of  manufacture  now  at  the  disposal  of  the 
precise  mechanic,  we  shall  perjure  the  premises  if  we  allow  that,  in 
mounting,  a  greater  displacement  than  0.1  mm.  may  occur  on  either 


rapcis.l     KKCKNT    IMI'liON  K.MIAIS    1\    l.i;\- KM  Xd    I  N  S'lKT  M  IIN'I'S 


(ii:5 


side  of  the  ficoinetrical  axis  of  the  tuhe.  Treating,  however,  witli  a 
most  exafrgerated  case  of  this  character,  we  shall  have,  after  the 
separate  adjustments  for  eolliination,  the  conditions  ex])ressed  in  the 
diagram.  Fig.  9,  showing  two  possible  sight-line.s  that  must  he  eitluM* 
coincident  with,  or  parallel  to.  the  axis  of  revolution. 

Eccentricity  of  mounting  will  reveal  itself,  after  the  eolliination 
adjustment,  if  the  telescope  is  revolved  in  the  wyes.  If  the  tick!  of 
view  ajijiears  to  move  in  a  small  circle,  there  is  eccentricity  of  mount- 
ing; but.  if  the  cdllimation  adjustment  has  l)een  ]u-onerly  made,  the 
intersection  of  the  cross-lines  will  appear  to  move  with  the  field. 

There  will  be  no  such  thing  as  an  inclination  of  the  optical  axis 
in  the  tube  by  virtue  of  an  inclination  in  the  objective  itself.  Xo 
error  can  possibly  occur  through  oblique  mounting,  except  that  of 
astigmatism,  but  this  is  incidental  rather  than  vital,  and  need  not  be 
considered  in  this,  any  more  than  in  any  other,  instrument. 


^r:X,j,^r°"ar 


i/\  Cross-lines 
revolution 


Cross.-lines-'l?? 


EFFECT  OF   ECCENTRIC  MOUNTiNG  ON    COLLIMATION. 
Fig.   9. 

The  chances  for  error  induced  by  any  lateral  movement  in  the  focus- 
ing lens  have  to  deal  first  with  the  collimation  adjustment  (or  the 
position  of  the  optical  axis  as  fixed  by  the  cross-lines),  then  with  the 
reproduction  of  the  rod  at  the  plane  of  the  cross-lines,  thus  fixed. 

In  testing  the  accuracy  of  the  collimation  adjustment  for  either 
optical  system,  some  very  distant  point  in  the  horizon  should  be 
selected.  If  the  test  is  made  on  a  near-by  object,  it  will  not  fulfill,  in 
the  highest  theoretical  sense,  the  requirements  in  the  case.  The  in- 
fallible test  for  errors  of  this  character  is  a  check  of  the  collimation  on 
a  near-by  object  after  perfecting  the  adjustment  on  some  very  distant 
|)nint.  This  necessitates  moving  the  interior  lens  between  the  positions 
sliown  in  Figs.  6  and  7;  and  this  test  ought  to  qualif.v,  irrespective  of 
eccentricities  in  mo'unting,  as  previously  shown  by  D.  A.  Molitor,* 
M.  Am.  Soc.  C.  E. 


^TranmciUtna.  Am.  Soc.  C.  E..  Vol.  XLV,  1901.  p.  4.5. 
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An  excellent  collimator  apparatus  for  use  in  the  field  may  be  ar- 
ranged by  placing  the  objectives  of  a  level  and  a  transit  in  juxta- 
position so  that  a  beam  of  light  can  pass  directly  through  both  optical 
systems.  If  the  transit  telescope  is  racked  down  to  its  shortest  length, 
it  will  be  necessa.ry  to  focus  the  telescope  -of  the  level  at,  or  near, 
infinity,  in  order  to  see  the  cross-wires  of  the  transit  diaphragm. 
This  method  brings  an  object,  apparently  at  an  infinite  distance,  into 
very  convenient  range,  and  the  test  may  be  made  at  night  by  placing 
a  bright  light  immediately'  behind  the  transit  eye-piece.  The  arrange- 
ment, as  illustrated  in  Fig.  10,  shows  the  level  equipped  Avith  an  erect- 
ing eye-piece  and  a  special  sunshade  which  may  be  used  interchange- 
ably with  the  inverting  eye-pieces,  and  thus  convert  the  telescope 
almost  instantly  from  one  type  to  the  other. 


Fig.  10. — Field  Collimator  Apparatus,  Showing  Reading  Mirror  Removed 

AND  Bearing  Clips  Loosened  to   Facilitate   Longitudinal 

Revolution. 

The  axis  of  revolution  is  established  as  between  the  bearings  in 
the  supports.  It  is  desirable,  therefore,  that  the  caps  should  be  only 
slightly  loosened  and  that  the  telescope  should  not  be  removed  from  its 
supports,  or  reversed  for  the  second  test,  except  on  the  vertical  axis. 
In  making  the  collimation  test  by  longitudinal  revolution,  it  is  not 
absolutely  necessary  that  the  telescope  should  be  horizontal ;  but  the 
axis  of  evolution  in  the  wyes  must  not  be  modified  except  as  stated. 

The  possibility  of  securing  permanently  the  collimation  adjustment 
by  fixing  immovably  the  relationship  between  the  elements  which 
constitute  that  adjustment,  commends  itself  at  once,  and,  now  that  we 
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may  provid*'  ;i,i:;iiiisi  any  movement  for  either  the  objective  or  the 
(liaplirag'm.  w,'  may  mount  them  in  a  tube  which  is  sealed  against  the 
intrusion  of  dust  or  moisture. 

The  tele-scope  tube  has  been  reinforced  with  three  longitudinal 
ribs,  cast,  drawn,  and  turned  down  in  one  solid  piece  with  the  outer 
wall.  The  carefully  machined  ribs  add  lateral  strength,  prevent  flexure, 
preserve  alignment,  and  form  a  convenient  skidway  on  which  to  slide 
the  barrel  in  wdiich  the  focusing  lens  is  mounted.  The  contact  sur- 
faces between  these-  ribs  and  the  lens -barrel  are  the  only  movable  paxts 
on  which  the  accuracy  of  the  instrument  depends. 

If  we  safely  allow  that  the  error  due  to 
eccentric  mounting  of  the  objectives  is  a  con- 
stant not  exceeding  0.2  mm.  for  all  distances, 
it  may  be  regarded  as  a  negligible  quantity, 
and  tlie  proi)o.sition  seriousl.v  concerns  us  only 
so  far  as  irregular  motion  in  the  focusing 
device  may  affect  the  reproduction  of  the  field 
of  view  at  the  plane  of  the  cross-wires. 

This   influence  ha?    been   accorded   a   most 
careful  theoretical  and  practical  investigation, 
with  results  so  satisfactory  that  it  is  recom- 
mended as  superior  in  point  of  accuracy  to  either  of  the  other  methods 
of  focusing  now  in  common  use. 

A  theoretical  con.sideration  of  the  effect  produced  on  the  optical 
axis  by  the  negative  focusing  lens  is  one  involving  some  of  the  simple 
hnvs  of  refraction.  For  the  purposes  of  this  demonstration,  Fig.  12 
represents  an  exaggerated  condition  of  affairs. 


CROSS-SECTION  OF 
TELESCOPE  TUBE 

Fig.   11. 
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DIAGRAM   SHOWING   EFFECT  OF   LOST  MOTION 
IN  FOCUSING    LENS. 

Fig.    12. 

Let  it  be  assumed  that  an  objective,  0,  and  a  reticule,  R,  are  im- 
movably placed  with  respect  to  each  other.     It  is  assumed  that  the 
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ncgfitive  lens,  beiiifj'  in  the  position.  N.  when  focuseil  on  infinity  drops 
out  of  alignment  from  the  opticiil  axis,  AB.  to  the  position,  BM, 
through  a  displacement  equal  to  u,  when  focused  on  an  object,  say, 
10  ft.  away. 

In  the  position,  3M,  the  axial  ray  from  A  will  he  deflected  at  an 
angle  having  a  base  equal  to  .i'^  and  the  anterior  focal  point  will  drop 
accordingly  to  F.  Let  the  total  amount  of  deflection  at  the  diaphragm 
be  equal  to  .r,  and  let  the  distance  from  F  be  equal  to  f^.  From  similar 
triangles  we  have: 

X   :   II    :    :  //   :  /., 

1/ 

X  —  u     r  ■ 

.t-2 

In  the  very  portable  instrument  uuiler  diseussion,  the  focal  length 
of  the  negative  lens,  /,,  is  equal  to  350  mm.,  and  the  mean  value  of  }/ 
is  equal  to  about  TO  mm.     Substituting,  we  have : 

70  1 

X  ^=  u  =  —  u. 

350         5 

In  other  words,  for  a  level  of  this  length,  the  displacement  of  the 
image  at  the  diaphragm  will  be  equal  to  about  one-fifth  of  the  devia- 
tion of  the  focusing  lens  from  the  optical  axis. 

The  contact  bearings  of  the  inner  lens-barrel  can  be  made  to  move 
so  acciirately  that,  whether  we  consider  the  error  of  displacement,  as 
applied  to  collimation  adjustment  or  accuracy  of  pointing,  we  can 
only  conclude  that  it  must  fall  within  the  diameter  of  the  sight  line 
itself,  and  remain  within  the  limbo  of  intangible  quantities. 

The  mechanical  process  of  focusing  by  this  method  necessitates 
only  a  movement  of  the  interior  lens  between  the  telescope  supports, 
where  such  a  reapportionment  of  weight  will  not  sensibly  affect  the 
center  of  gravity  or  destroy  the  equilibrium  of  the  instrument. 

The  bubble  tube  is  rigidly  attached  directly  over  the  top  of  the  tele- 
scope. It  has  adjustments  for  height  and  alignment,  but  the  lateral 
adjustment  is  not  now  important,  inasmuch  as  we  have  dispensed 
with  the  function  of  the  wyes,  except  as  a  means  for  testing  collima- 
tion. On  this  account  we  are  neither  concerned  with  the  influence 
exerted  by  inequalities  in  the  collars,  due  to  wear  or  concretions  of 
dust,  nor  the  necessity  of  a  striding  level  with  which  such  errors  may 
be  tested. 
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If  tcinptrnt  lire  lluctuations  have  any  effect  on  the  horizontality 
nt"  the  level  vial,  the  elimination  of  such  discrepancies  is  accomplished 
(lul.v  \<\  the  itrocesp  of  end-for-end  reversals,  which  forms  a  part  of 
the  pi-escrihed  routine  in  the  ixM'fdrninnee  of  i)reeise  leveling  with  an 
instrument  of  this  type. 

The  aeenraey  of  results  depends  entirely  and  directly  on  the  rela- 
lliin  iif  the  luililile  axis  to  the  aniphidioptric  sight  line,  and  sudden 
clinnm'^  in  temperature^  will  affect  svii'h  work  only  as  they  are  capable 
(if  disiuiluuii-  this  relationship. 

II.  ,M.  Wil-on,  ^1.  Am.  Soc.  C.  E.,  concurs  with  Professor  Molitor 
in  the  opinion  that  precise  leveling  does  not  differ  materially  from  the 
ordinary  kind,  except  in  the  character  of  the  instrument;  and  that 
piMctienlly  all  residual  errors  are  attributable  to  temperature  changes.* 
It  would  seem,  therefore,  if  we  provide  in  the  new  instrument  a  ready 
means  of  tc'sting  the  c(dlimation,  that  temperature  effects  will  com- 
pensate themselves  on  reversals,  and  that  it  will  be  no  longer  necessars- 
to  etpnilize  forward  or  back-sights,  unless  it  is  thought  desirable  to 
do  so  on  account  of  curvature  and  refraction. t 

Alth(nigh  variations  in  temperature  may  affect  somewhat  the  angu- 
lar value  of  the  graduations  on  the  bubble  vial,  its  capability  to  in- 
dicate a  truly  horizontal  setting  is  not  impaired  if  the  same  central 
>egment  of  the  graduated  scale  is  used,  as  advocated  by  the  late  J.  B. 
.lohiison,  M.  Am.   Soc.  C.  E. 

At  each  side  of  the  bubble  tube  are  sockets  for  the  reception  of 
the  mirror  supports.  The  mirror  frame  is  hinged  at  the  center,  so 
that  the  reflected  image  of  the  bubble  may  be  viewed  from  either 
end  of  the  telescope  with  ecjual  facility.  This  method  of  observing 
the  bubble  was  adoi)ted  on  account  of  its  peculiar  fitness  to  the  require- 
ments of  the  case;  but  a  stop  has  been  provided  that  regulates  the 
amount  of  inclination  to  approximately  40°  each  way.  and  also  to 
prevent  cracking  the  vial  by  reckless  use. 

Naturally,  the  longer  the  bubble  the  greater  the  amount  of  error, 
due  to  ]jarallax  in  reading  it  by  this  method;  but  this  constant,  in  a 
<en-itive  bubble,   must  necessarily  be  very  small,  and  will  neutralize 

'  Transactions.  Am.  Soc.  C.  E..  Vol.  XLV,  1901,  p.  126. 

^  .>^ep  L.  S.  Smith.  M.  Am.  Soc.  C.  E.,  in  BuUctin.  Univ.  cf  Wis..  Vol.  I,  No.  5,  1S95. 
W.  S.  Williams.  Assoc.  M.  Am.  Soc.  C.  K..  in  Tranmctinns,  Am.  Soc.  C.  E.,  Vol.  XLV.  1901, 
p.  ITti.  ••  Plane  Surveying."  Professor  J.  C.  Tracy,  189S,  p.  273,  etc. 
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itself  in  reversals.  For  ordinary  leveling  operations  it  may  be  dis- 
regarded entirely.  It  would  seem,  from  the  peculiar  conditions  and 
the  requirements  in  the  case,  that  by  the  process  of  end-for-end 
reversals  eveiy  real  or  imaginary  error,  traceable  to  the  bubble  or  its 
mounting,  will  be  perfectly  compensated  and  automatically  corrected. 

Our  total  anxiety,  therefore,  in  the  use  of  the  instrument  may 
be  concentrated  on  the  parallelism  between  the  bubble  axis  and  the 
biaxial  sight-line  to  which  it  must  be  adjusted;  but  this  can  be  tested 
at  any  time,  within  from  3  to  5  min.,  in  a  second  observation,  without 
moving  out  of  one's  tracks  and  without  an  assistant. 

For  ordinaiy  leveling  purposes,  the  operator  will  naturally  make 
this  test  in  the  morning,  as  required  of  all  assistants  in  the  Coast 
Survey,  and,  when  satisfied,  he  will  apply  the  eye-piece  to  one  objective 
and  the  sun-shade  to  the  other,  for  continuous  and  accurate  work. 
This  instrument  was  designed  only  for  use  in  more  ordinary  work, 
but  the  object  of  this  paper  is  to  show  that  the  construction  is  such 
that  the  most  precise  results  may  still  be  secured  by  two  sets  of 
double  observations,  on  the  assumption  that  the  collimation  and  the 
bubble  are  both  out  of  adjustment. 

The  instrument's  first  claim  on  the  attention  of  the  engineer  is 
the  wonderful  facility  with  which  the  adjustment  for  parallelism  may 
be  tested,  and  the  accuracy  and  speed  with  which  it  may  be  rectified. 
An  unbiased,  open-minded  examination  into  those  parts  of  the  instru- 
ment which  might  be  suspected  of  infidelity,  develops  the  conclusion 
that,  one  by  one,  they  may  be  reduced  to  negligible  quantities. 

The  vertical  adjustment  device  is  an  entirely  new  model,  peculiarly 
adapted  to  the  reversible  qualities  of  this  instrument.  The  upper 
element  of  the  base-bar  forms  a  channel  encasement  for  the  lower  ele- 
ment, which  is  rigidly  attached  to  the  vertical  axis. 

The  telescope  and  bubble  are  mounted  on  the  upper  element  in 
non-adjustable  supports.  The  upper  element,  with  telescope  and  bub- 
ble, revolves  through  short  arcs  in  the  vertical  plane,  on  a  conical  pivot 
or  an  eccentric  worm  gear  at  the  center  of  the  bars,  some  55  mm.  below 
the  axis  of  the  telescope. 

This  is  an  improvement  over  the  method  of  placing  the  pivots 
at  one  end,  but  nothing  essential  would  be  gained  by  a  further 
modification  of  the  mechanical  equipment,  in  order  to  get  the  pivots 
in    the   horizontal    plane    which    is    coincident   with    the    longitudinal 
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axis  of  tlu>  telescope.  'I'lio  reversion  principle  in  this  level  de- 
mands that  we  shall  place  the  pivots  at  the  center,  in  order  that 
thr  lioifilit  of  instrument  shall  not  be  modified  in  the  second  observa- 
lidii.  If  tlie  instrument,  considered  in  this  paper,  was  intended  for  the 
ini'itsuroment  of  small  vertical  angles  by  a  micrometer  screw,  it  is 
acrreod  that  the  longer  base  secured  by  placing  the  pivots  at  the  opposite 
end  would  contribute  to  the  efficiency  of  the  construction;  but  in  the 
10-in.  (25-cm.),  instrument  herein  described,  the  micrometer  is  not 
adaptable,  and  it  is  proposed,  further,  that  the  micrometer  method  of 
securing  precise  results  shall  be  superseded  by  the  process  of  reciprocal 
vision  herein  described,  or  by  the  three-wire  method  already  adopted. 

The  mechanical  construction  of  the  "vertical  adjustment"  in  this 
design  cannot  be  adapted  for  use  as  a  gradienter  because  the  value 
of  one  division  on  the  drum  would  change  constantly  in  the  different 
jiositions  of  the  eccentric  gear.  For  convenience  of  manipulation,  we 
are  required  to  communicate  a  slight  vertical  movement  through  a 
hoi-izontal  bar  revolving  on  its  own  axis. 

The  horizontal  bar  terminates  in  milled-heads,  symmetrically  placed 
directly  under  each  successive  position  of  the  eye-piece,  so  that, 
whether  in  direct  or  reverse  position,  the  final  delicate  setting  of  the 
bubble  can  be  accomplished  without  inconvenience  or  confusion.  This 
method  is  quite  unique,  and  is  well  adapted  to  this  construction. 

The  upper  base-bar  is  not  always  necessarily  parallel  with  the 
lower,  nor  perpendicular  to  the  vertical,  axis.  A  normal  position, 
however,  maj'-  be  quickly  determined  in  reversals  on  the  vertical  axis 
by  correcting  half  of  the  bubble  displacement  in  the  leveling  base  and 
the  other  half  in  the  "vertical  adjustment."  In  one  of  two  such 
trials  the  bubble  should  remain  centered  during  an  entire  revolution. 

The  mechanical  separation  of  the  connection  between  the  telescope 
and  the  vertical  axis  distinguishes  this  instrument  at  once  from  the 
dumpy  t^.'pe,  and  places  it  formally  in  the  precise  class,  irrespective 
of  its  numerous  other  claims  to  this  distinction. 

On  precise  levels  of  the  Coast  Survey  type,  a  circular-box  bubble 
has  been  attached  to  the  lower  element  of  the  base-bar  to  secure  a  nearly 
vertical  setting  of  the  vertical  axis,  without  regard  to  the  relation- 
ship of  the  upper  portion  of  the  instrument,  and  independent  of  the 
more  sensitive  vial  which  is  mounted  on  the  telescope,  but  in  the  com- 
paratively small   instrument  herein   described  a  "normal   adjustment" 
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is  of  such  easy  accomplishment  that  it  has  seemed  preferable  to  dis- 
pense with  the  circular  bubble,  which  has  no  given  sensibility  or  means 
of  adjustment. 

This  alternative  seems  the  more  to  commend  itself  inasmuch  as 
the  "vei-tical  adjustment"  is  constructed  on  an  endless  worm  gear  in 
which  the  total  amount  of  elevation  or  depression  cannot  exceed 
1.8  mm.  on  either  side  of  the  normal  line.  Tf  either  milled-head 
were  turned  continuously,  the  telescope  would  only  rise  and  fall  in 
uninterrupted  oscillatitni.  The  operator  will  become  quickly  accus- 
tomed to  the  effect  produced  in  the  mirror  by  turning  the  milled-head 
either  to  the  right  or  left,  and  this  eifect  will  be  the  same  when  viewed 
from  either  end  of  the  instrument. 

The  tangent  release  mechanism  is  also  a  new  idea,  absolutely  with- 
out precedent,  so  far  as  the  writer  knows.  As  shown  in  Fig.  5,  the 
nose-piece,  instead  of  being  rigidly  attached  to  the  lower  bar.  is  re- 
movable and  adapted  to  engage  a  spring-slot  at  either  end  of  the  instru- 
ment, as  shown.  In  reversing  the  instrument,  the  clamp-screw  to 
the  vertical  axis  need  not  be  thrown  open,  as  usual,  but  the  whole 
clamp-and-tangent  arrangement  may  be  allowed  to  remain,  so  that  it  can 
be  manipulated  with  the  right  hand  in  either  position  of  the  upper 
portion  of  the  instrument. 

When  looking  through  either  end  of  the  telescope,  the  focusing 
screw,  the  vertical  adjustment,  the  clamp  screw,  and  the  tangent  screw, 
may  be  manipulated  by  either  the  right  or  left  hand,  as  desired,  de- 
pending on  the  habits  of  the  operator,  and,  in  fact,  all  other  details 
in  both  the  optical  and  mechanical  equipment  are  symmetrical,  inter- 
cbangeable,   and  in  perfect  equipoise. 

The  type  of  three-screw  base  shown  in  the  various  illustrations  is 
also  a  new  model,  which  is  attachable  to  the  ordinary  form  of  tripod, 
is  applicable  to  the  ordinary  type  of  transit  or  level,  and  is  ])rovided 
with  the  regular  type  of  shifting  center  such  as  the  American  engineer 
lias  used  since  1858.  For  leveling  instruments,  the  shifting  center  is 
not  necessaiy,  but  in  azimuth  instruments,  which  are  required  to  be 
centered  over  a  given  point,  the  appliance  is  almost  indispensable. . 
Referring  to  Fig.  13,  the  .spring,  which  accommodates  a  universal 
movement  through  the  center  of  the  instrument,  is  no  longer  attached 
to  an  awkward  spring-bar  of  the  European  model,  but  snugly  contained 
in  the  central  capsule  of  the  shifting  plate. 
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EviTV  iuov(>iiu'iit  ill  cncli  i'(  tlio  three  leveliiifi'  screws  is  compen- 
Siited  autdiiiiUically  al  the  ci'nli  r,  and  the  tension  in  the  leveling:  arms  is 
(•(|uali/.cil.  I'ii('(|ual  strain  in  varyin.y  tcniiicrature.  which  lias  a  suhtle 
iiitiuenee  on  the  biibhlc.  is  eliminated,  and  the  longer  radial  arms, 
with  larjrer  thumb-screws  in  (ierman  silver,  provide  a  more  sensitive 
I  •out  nil.  This  type  of  leveling  base,  while  very  convenient,  is  not 
iiidisiicnsalilc  to  thi^  instrument  herein  described,  or  to  any  other  pro- 
vided with  a  "vertical  control,"  but,  to  the  ordinary  dumpy  level, 
it  adds  greatly  to  ease  of  manipulation  and  efficiency  of  operation. 

While  in  use,  the  coarsely-knuided  clamp  ring  is  to  be  loosened, 
but,  for  transportation,  it  is  to  be  scre^ved  down  against  the  flange,  in 
order  to  lock  the  in.strument  securely  against  the  lower  base. 


\ 


Pu;.   13. — New  Threk-Screw   Base  with   Shifting  Center. 

One  (luii'kly  becomes  u.sed  to  the  three-screw  system,  and  it  is  not 
too  much  to  say  that,  if  one  of  the  screws  is  placed  directly  beneath 
the  intersection  of  the  tw^o  lines  marking  the  longest  axis  of  the 
bubble  tubes  in  a  transit,  the  bubbles  may  be  centered  at  one  end  at  the 
same  time  with  remarkable  speed. 

In  leveling  up  .such  an  instrument  as  described,  first  secure  the 
normal  position  of  the  bubble,  then  place  the  telescope  parallel  to  any 
two  of  the  leveling  screw^s.  After  centering  the  bubble  in  this  posi- 
tion, revolve  the  telescope  90°  and  center  the  luibble  once  more,  using 
the  third  leveling  screw  alone. 
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The  Harbor. 
For  the  puri)ose  of  this  paper,  the  harbor  of  New  York  is  taken  to 
include  the  Lower  Bay,  the  Upper  Bay,  the  Hudson  Eiver  to  Mount 
St.  Vineent,  the  East  River  to  Throgs  Neck,  the  Harlem  River,  Newark 
Bay,  the  Kill  van  Kull,  the  Arthur  Kill,  and  Jamaica  Bay.  Each  of 
these  divisions  can  be  considered  a  distinct  branch,  although  the  tidal 
phenomena,  taken  as  a  connected  whole,  are  affected  by  the  character- 
istics of  each. 

A  map  of  tlie  harbor,  Fig.  1,  shows  the  positions  of  these  different 
parts  and  their  relations  to  each  other. 

It  is  difficult  to  describe  the  tidal  actions  clearly  and  concisely  be- 
cause the  movements  of  the  water  in  all  parts  of  the  harbor  are  not 
synchronous.     This  is  due  to  the  following  causes : 

1. — The  harbor  is  so  extended  that  there  is  a  considerable  difference 

in  time  between  the  periods  of  high  water  at  various  points; 
2. — The  variation  in  the  range  of  tides; 

3. — Some  of  the  currents  being  produced  by  progressive  tidal  wave 
motion,  some  by  hydraulic  conditions  (that  is,  difference  in 
water  levels),  and  some  by  the  interference  of  two  distinct 
tidal  waves; 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion   In   full,   will   be  published    in   Transactions. 
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4. — The  variable  flow  of  fresh-water  into  the  harbor  from  the  rivers 

(that  is,  seasonal  variation)  ; 
5. — The  under-run,  caused  by  the  inertia  of  the  flowing  stream, 

the    difference    in    specific    gravity    between    sea-water    and 

land-water,   and  possibly  by  the  configuration   of  the  harbor 

bottom. 

Average  conditions  exist  only  occasionally.  Variations  in  tidal  range 
at  any  station  are  caused  by  the  relative  positions  of  the  mioon  and 
sun,  and  by  other  factors.  The  winds  also  have  a  great  temporary 
influence  on  the  rise  and  fall  of  the  tides.  Outside  of  temporary  in- 
fluences, such  as  wind,  the  regular  changes  are  periodic ;  therefore,  the 
difficulty  of  describing  the  phenomena  will  be  apparent,  because  the 
conditions  which  exist  on  one  day  will  not  exist  on  the  days  preceding 
or  following.  As  the  general  phenomena  will  depend  closely  on  average 
conditions,  the  tidal  phenomena  described  herein  will  be  based  on  mean 
conditions  of  tidal  range,  velocities,  and  volumes  of  tidal  flow. 

Where  velocities  have  been  observed  on  a  given  date  they  have  been 
corrected  to  what  they  would  have  been  had  the  mean  conditions  existed 
on  that  date.  The  method  for  the  correction  of  velocities  is  the  multi- 
plication of  the  observed  velocity  by  the  ratio  of  the  mean  tidal  range 
to  the  tidal  range  on  the  day  in  question,  in  accordance  with  the  con- 
ditions given  for  the  different  parts  of  the  harbor,  as  stated  under  the 
heading  ^'Effect  of  Tidal  Range  on  Velocity,"  page  670. 

The  water  gradually  shallows  toward  the  shores.  If  the  water  sur- 
face was  lowered,  the  boundary  of  the  land  would  be  changed  in  form. 
These  changes  are  interesting  and  instructive,  in  studying  the  tidal 
phenomena  of  the  harbor,  and  are  shown  in  Figs.  2,  3,  and  4.  in  which 
the  water  surface  is  drawn  at  mean  low  water,  and  at  6  ft.  and  12  ft. 
below  this  level,  respectively. 

These  figures  show  that,  of  the  aggregate  of  water  surfaces  at  mean 
low  water,  only  about  58%  has  a  depth  of  more  than  12  ft.  If  the  water 
level  was  lowered  to  24  ft.,  the  only  water  surfaces  left  would  be  the 
Hiidson  and  East  Rivers,  which  uniting  just  below  the  Battery,  would 
flow  through  the  main  channel  to  the  Atlantic  Ocean.  That  is,  only 
the  important  channels  would  remain.  Taking  the  harbor  divisions  as 
defined  in  Appendix  A,  the  water  surfaces  at  different  planes  would 
be  approximately  as  given  in  Table  1. 
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Fig.  1. 
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.NEW  YORK  HARBOR  AT  MEAN  LOW  WATER 

Fig.  2. 
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NEW  YORK  HARBOR  AT  6  FEET  BELOW  M.L.W. 


Fig.  3. 
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NEW  YORK  HARBOR  AT  12  FEET  BELOW  M.L.W-. 

Fig.  4. 
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TABLE  1. — Areas  of  Water  Surfaces,  in  Square  Miles. 


Part   of    harbor. 


At  Depths  Below  M.  L.  W. 


At 
M.  L.  W. 


6  ft. 


12  ft. 


Lower  Bay 

Upper  Bay .• 

Hudson  River,  Battery  to  Mt.  St.  Vincent 

ICast  River,  Battery  to  Throgs  Neck 

Harlem  River 

.Newark    Bay 

Kill  vau   Klin 

.Vrtlmr   Kill 

.Tiiinaiea  Bay,  excluding  islands 


124.30 

20.74 

14.49 

15.20 

0.59 

8.85 

1.12 

4.63 

21.61 


106.20 

14.88 

13.73 

10.30 

0.47 

3.28 

0.97 

3.34 

4.40 


as.  60 
12.36 
12.88 
8.54 
0.38 
0.64 
0.H8 
2.31 
2.20 


211.03 
ICOO/o 


157.57 
74.60/0 


123.79 

58.6% 


The  phenomena  of  "under-run"  and  "inertia"  are  well  confined 
within  areas  having  a  depth  of  water  greater  than  12  ft.  below  mean 
low-water  level. 

Profiles  of  the  harbor  bottom  are  shown  in  Figs.  5  and  6.  The 
former  is  a  profile  through  the  Lower  Bay,  Upper  Bay,  East  River,  and 
Hudson  River,  along  the  line  of  the  channel;  the  latter  is  a  profile  of 
average  depths  of  sections  across  the  stream  along  the  same  line.  Be- 
tween the  Atlantic  and  the  Sound  entrances  of  the  harbor,  the  depths 
of  the  sections  in  general  tend  to  vary  inversely  as  their  widths. 

Tidal  Currekts. 

The  normal  currents  in  the  harbor  are  produced  by  progressive  or 
periodic  waves,  by  hydraulic  conditions,  or  by  a  combination  of  these 
two  causes. 

The  progressive  wave  is  the  natural  motion,  due  mainly  to  the  at- 
tractions of  the  moon  and  sun.  When  the  wave  is  unobstructed,  the 
maximum  flood  and  ebb  velocities  occur  at  about  the  times  of  high  and 
low  water,  respectively.  The  profile  of  a  true  tidal  wave  is  a  sinusoid. 
The  velocities,  as  well  as  the  heights  (stages)  of  the  water,  are  pro- 
portional to  the  ordinates  of  a  sinusoid  the  abscissas  of  which  have  time 
values. 

When  hydraulic  conditions  obtain,  a  current  flows,  on  account  of 
the  difference  in  head  which  exists  temporarily  between  the  bodies  of 
water  connected.  In  this  case  the  maximum  velocities  occur  at  some 
time  between  local  high  and  low^  waters,  depending  on  the  time  of 
greatest  hydraulic  slope  and  the  characteristics  of  the  channel. 
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Wn:ien  a  combination  of  progressive  wave  and  hydraulic  conditions 
obtains,  the  greatest  flood  and  ebb  velocities  occur  irregularly,  de- 
pending on  which  condition  predominates.  When  the  wave  is  re- 
stricted by  interference  or  oilier  causes,  the  curves  (having  ordinates 
which  represent  velocities  or  heights  of  water  surface  at  different 
periods  of  time)  depart  from  true  sine  curves,  in  amounts  depending 
on  the  restriction. 

The  time  of  a  complete  tidal  period,  comprising  a  flood  and  an  ebb, 
is  12  lunar  hours.  Under  normal  conditions,  the  flood  and  ebb  flow 
during  6  lunar  hours  each,  except  for  the  small  time  lost  at  slack 
waters. 

A  lunar  hour  is  equivalent  to  1.03505  solar  hours,  or  6  lunar  hours 
are  equivalent  to  about  6  hours,  12.6  min.,  solar  time. 

In  a  channel  where  the  current  follows  closely  a  true  tidal  wave 
action,  which  is  harmonic  in  character,  a  floating  object  will  be  carried, 
during  a  complete  flood  or  ebb  period,  a  distance  of 

2                   12.4206 
~X  A  X knots, 

Tt  2 

or  nearly  iA  knots,  in  which  A  denotes  the  maximiim  velocity  of  the 
current,  in  knots  per  solar  hour. 

Similarly,  the  velocity  at  which  a  floating  particle  will  be  carried 
by  the  current  at  any  time  can  be  estimated  from  the  formula, 

A  cos.  30^, 
where  t  denotes  the  number  of  lunar  hours  after  the  time  of  strength ; 
or  A  cos.  28.98^, 

where  t  denotes  the  number  of  solar  hours  after  the  time  of  strength. 
By  computing  and  plotting  a  number  of  these  velocities  at  different 
stations  in  a  selected  locality,   it  is  possible  to  make  an  estimate  of 
how  a  floating  object  will  be  drifted  by  the  currents. 

There  is  some  difference,  however,  due  to  the  following  causes : 
1. — The  under-run  at  the  times  of  tidal  changes; 
2. — The  inertia  of  the  flowing  stream  when  it  changes  from  ebb 

to  flood; 
3. — The  shore  currents  not  being  the  same  as  the  channel  currents ; 
4. — Variations  due  to  wind; 
5. — Variations    due   to   land-water   flow   coming   down    the   rivers 

from  drainage  areas  above; 
6. — Variations  in  tidal  ranges. 
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Owing  to  variations  in  cliainip]  sections  and  direct  ions,  which  cause 
side  currents,  it  is  not  safe  to  predict  the  course  which  a  floating  particle 
will  take.  Tt  is  safer  to  rely  en  observations  with  floats,  many  of  which 
have  liccn  made  by  the  Metropolitan  Sewerage  Commission,*  and  will 
be  referred  to  later. 

It  must  be  remembered  that  the  surface  velocities  do  not  readily  in- 
dicate the  mean  velocities  of  tidal  streams.  Although  the  surface  par- 
ticles may  have  a  known  velocity  in  one  direction,  the  velocity  and  di- 
rection of  the  particles  beneath  the  surface  often  differ  materially. 

To  determine  accurately  the  mean  velocity  of  a  tidal  current,  it 
would  be  necessary  to  take  synchronous  observations  at  many  points 
across  a  stream  and  at  many  points  in  depth  below  the  surface.  Such 
observations  should  extend  over  a  considerable  period  of  time  in 
order  to  obtain  fair  averages. 

Interference  Tides. 

When  separate  tidal  waves  enter  a  strait  from  op])osite  ends,  there 

results   in  the  strait  an   "interference"  tide.     This  is  not  necessarily 

'the  algebraic  sum  of  the  two  separate  tides.     In  other  words,  when  the 

two  waves  meet  and  overlap,  the  result  of  the  overlap  is  not  necessarily 

a  superposition  of  one  wave  upon  the  other. 

The  actual  tidal  rise  or  fall  above  or  below  mean  sea  level,  other 
things  being  equal  and  not  acting  as  disturbing  factors,  at  any  hour 
of  the  tidal  inteiwal,  is  equal  to  a  coefficient  multiplied  by  the  algebraic 
sum  of  the  rises  or  falls  of  the  two  tides. f  The  difference  in  times 
between  high  and  low  water  at  each  end  of  the  strait  is  an  important 
factor. 

Interference  tides  occur  in  the  harbor  becaixse  separate  tidal  waves 
enter,  one  from  the  sea  past  Sandy  Hook  and  the  other  from  Long 
Island  Sound  past  Willets  Point.  These  separate  tidal  waves  are  not 
synchronous,  that  is,  their  periods  of  high  or  low  water  do  not  occur 
at  the  same  time. 

The  Sound  tide:}:  (through  Hell  Gate)  is  distinctly  traced  to  Gov- 
ernors Island,  where,  although  much  reduced  in  range,  it  is  frequently 
found  to  affect  the  observed  tide,  mostly  in  the  way  of  reducing  the 

*  Report,  April  30th,  1910. 

+  Henrv  Mitchell,  Chief  Physical  Hvdrographer,  used  O.fiS  for  the  coefficient  in  com- 
putiiif;  the" composite  tide  in  the  East  River.  Thus,  the  predicted  tide  was  estimated  by 
takmg  0.6.5  times  the  alerebraic  sum  of  the  difference  in  heights  of  the  tides  measured  from 
mean  sea  level.     U.  S.  Coast  and  Geodetic  Survey,  1867.  Appendix  No.  13. 

t  U.  S.  Coast  and  Geodetic  Survey,  1860,  Appendix  No.  6. 
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rise  and  fall.  The  southern  tide  from  The  Narrows  meets  a  small 
propagation  of  the  Sound  tide,  the  lunar  interval  of  which  differs 
nearly  6  hours;  the  result  is  a  reduction. in  range.  This  is  the  prin- 
cipal reason  why  the  tidal  range  at  Governors  Island  is  less  than  that 
at  Sandy  Hook.  The  tidal  range  is  also  reduced  by  the  exi^ansion 
of  The  Narrows'  tidal  wave  in  Upper  New  York  Bay.* 

The  East  River  is  a  strait,  at  one  end  of  which  the  tidal  range  is 
4.4  ft.,  and  at  the  other  7.2  ft.  ^Vliere  the  high  range  occurs 
(Willets  Point)  the  tidal  wave  enters  3  hours,  5  min.,  later  than  the 
tidal  wave  at  the  other  end  (Governors  Island).  The  two  tides  meet 
and  cross  or  overlap  each  other  at  Hell  Gate;  and  as  they  differ  in 
times  and  heights,  they  cause  contrasts  of  water  elevations  which  call 
into  existence  violent  currents. 

The  volume  of  water  flowing  through  the  strait  in  one  direction 
is  not  necessarily  equal  to  that  flowing  in  the  opposite  direction,  but 
depends  on  the  relative  times  when  each  wave  enters  its  respective  end 
of  the  strait,  as  well  as  on  the  total  range  at  each  end. 

If  one  wave  enters  later  than  the  other,  and  has  a  greater  range, 
the  mean  height  of  the  water  when  the  current  is  flowing  one  way  will 
be  higher  than  the  mean  height  when  the  current  is  flowing  contrari- 
wise. Consequently,  the  sectional  area  of  the  stream  in  one  case  will 
be  greater  than  in  the  other,  and  a  larger  volume  of  water  is  likely  to 
pass  during  a  tidal  variation. 

Suppose  curves  for  the  waves  entering  at  each  end  of  a  strait 
be  drawn,  and  then  that  the  two  curves  be  superimposed  so  that  the 
distance  between  the  peaks  will  represent  the  difference  in  time  between 
high  waters  at  each  end,  as  shown  in  Fig.  7.  The  upper  curves  are  true 
sinusoids,  representing  the  mean  ranges  of  tide  at  each  end  of  the  East 
River,  namely  Qovernors  Island  and  Willets  Point.  The  lower  curves 
show  the  East  River  conditions  for  one  set  of  observations,  as  recorded 
in  the  Report  of  the  U.  S.  Coast  and  Geodetic  Survey  for  1888, 
Appendix  No.  9. 

Lunesf  will  be  formed  at  A  and  B.  When  the  curves  are  true 
sinusoids,  their  areas  are  equal;  but,  under  actual  tidal  conditions, 
their  areas  are  only  approximately  equal.  These  lunes  are  unbalanced, 
for  the  center  of  one  is  higher  than  that  of  the  other,  as  shown  by  the 
ci'osses  on  Fig.  7. 


"U.  S.  Coast  and  Geodetic  Survey,  186T.  Appendix  No.  IS. 
ilJ.  S.  Coast  and  Geocietio  Survey,  1886,  Appendix  No.  13. 


l*-'i><''^l  TIDAI.    l'lli;X()Mi:.NA    l.N    NEW    VUKK   llAKUOK 


.   GGo 


.M.S.L. 


INTERFERENCE  TIDES. 

WATER  ELEVATION  IN  FEET  AT  EACH  LUNAR  HOUR 


VIII    IX       X      XI     XII      I       II      III     IV       V       VI     VII  VIII  IX      X 

TRUE  SINUSOIDS 


-1 


VIII   IX       X      XI    XII      I        II      III     IV       V      VI     VII   VIII   IX      X 

EAST  RIVER  CONDITIONS 


66(5  TIDAL  PHENOMENA  IN  NEW  YORK  HARBOR  [Papers. 

During  the  time  of  the  formation  of  Lune  A,  the  water  surface 
at  Willets  Point  is  higher  than  that  at  Governors  Island,  thus  tending 
to  ]iroduce  a  current  from  the  former  toward  the  latter.  Conversely, 
during  the  time  of  the  formation  of  Lune  B  the  tendency  is  to  pro- 
duce a  current  in  the  opposite  direction. 

The  centers  of  these  lunes  are  at  the  mean  levels  of  the  water 
during  the  times  the  water  has  the  hydraulic  conditions  represented 
by  Luries  A  and  B,  respectively.  Therefore,  the  mean  cross-sectional 
area  of  one  stream  is  greater  than  that  of  the  other.  If  the  mean 
velocities  of  the  currents  are  the  same  in  each  direction  then,  as  the 
hydraulic  slopes  are  equal,  a  greater  volume  will  flow  in  one  direction 
thaji  in  the  other,  on  account  of  the  larger  area  of  the  stream  section. 

In  the  case  of  the  East  River,  the  greater  section  and  the  tendency 
toward  a  greater  volume  of  flow  is  for  the  current  running  from  Willets 
Point  to  Governors  Island. 

The  Harlem  River  conditions  are  the  result  of  interference  tides, 

with  waves  entering  from  the  Hudson  River  and  the  East  River  at 

different  times.     The  Harlem  River  is  really  a  strait,  and  what  has 

been  said  about  the  East  River  would  also  apply  in  a  modified  way 

to  it. 

Tidal  Prisms. 

A  tidal  prism  is  the  volume  of  water  contained  between  low-water 
and  high-water  levels.  The  tidal  prisms  were  calculated  by  multiply- 
ing the  area  of  the  water  surface  by  the  mean  range  of  the  tide.  The 
areas  of  the  water  surfaces,  the  tidal  ranges,  and  the  volumes  of  the 
tidal  prisms  are  given  in  Table  2. 

For  equal  ranges  of  tide,  the  percentage  which  the  tidal  prism  is 
of  the  volume  below  mean  low  water  will  increase  inversely  as  the 
average  depth  below  mean  low  water;  therefore,  the  shallower  the 
water  the  greater  will  be  the  ratio  of  change  of  volume  during  each 
tide.  The  least  ratio  of  change  is  in  the  Hudson  River,  and  the  greatest 
in  Newark  Bay,  as  shown  in  the  last  column  of  Table  2. 

Quantity  of  Water  ix  Harbor. 

The  water  surface  of  the  harbor  was  calculated  from  the  Govern- 
ment charts.*  This  surface  is  65.12  sq.  miles,  exclusive  of  the  Lower 
Bay  and  Jamaica  Bay.     The  areas  of  the  several  divisions  are  given 

*The  boundaries  of  the  harbor  divisions  are  given  in  Appendix  A. 
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ill  Table  2.     The  area  of  the  Lower  Bay   is   124.3  sq.   miles,   and  of 
Jamaica  Bay  21. Gl  s«i.  miles. 

TAllLK   2.— Akkas,  Dki'ths.  Tidal  Kanok.s,  Volumks,  and 
Tidal  Pkisms. 


Part  of  harbor. 

(8  a 
a) 

< 

■li 

—  0) 

il  be 

Volume  below 
M.  L.  W.,  in 
millions  of 
cubic  feet. 

a 

S  CO  1) 

■r  n"- 
ft.2.a 
_  — '-^ 

cS'3  D 

-Sao 

» 
aj 
t* 

3 

a 

0/ 

s 

Oh 

20.74 
14.49 
8.50' 

9.12 

2.58 
0..59 
8.35 
1.12 
4.63 

22.4 
30.7 
31.7 

22.3 

38.8 
11.3 
6.6 
23.4 
13.1 

4.4 
4.2 

4.7 

6.2 

7.1 
5.3 
4.6 
4.8 
5.4 

12  970 
12  330 
3  091 

5  680 

2  791 
189 

1&12 
728 

1090 

2  541 

1697 

459 

1575 

511 

88.2 
1  071 
149.8 
697 

19.6 

Hudson  River,  Battery  to  Mt.  St. Vincent. 

East  River,  Battery  to  East  88th  Street. . 

East  Kiver,  East  88th  Street  to  Old  Ferry 

I'dint 

13.7 
14.8 

27.7 

East    River,  Old  Ferry  Point  to  Throgs 
Neck 

18.3 

46.6 

69.5 

Kill  vau  Kull 

20.6 

41.2 

Totals 

65.12 

41011 

8  789.0 

*  Ratio  of  tidal  prism  to  volumes  below  M.  L.  W.  expressed  as  a  percentage. 

An  estimate  of  the  volumes  of  water  below  mean  low  water  was 
made  in  the  following  manner:  For  the  Upper  Bay,  Newark  Bay,  and 
the  East  Eiver  between  East  88th  Street,  Manhattan,  and  Throgs  Neck, 
the  chart  areas  were  divided  into  squares,  and  the  depths  as  given  on 
the  chart  were  averaged  for  each  square  or  fraction  thereof.  The 
shore  lines  were  taken  as  marked  on  the  charts  for  mean  low  water. 
The  volumes  under  each  square  were  found  and  added.  For  the  Hud- 
son River,  East  River  south  of  88th  Street,  Harlem  River,  Arthur  Kill, 
and  Kill  van  Kull,  cross-sections  were  drawn  at  regular  intervals,  from 
information  on  Government  charts  of  large  scale,  and  cross-sectional 
areas  were  obtained.  From  these  areas  and  their  distances  apart  the 
volumes  were  calculated.     The  results  are  given  in  Table  2. 

At  any  hour,  there  is  more  water  in  the  harbor  than  is  given  by  the 
sum  of  these  figures,  because  mean  low  water  does  not  occur  at  the 
same  hour  in  all  its  parts. 

The  volume  of  water  is  variable  from  hour  to  hour,  and  the  approxi- 
mate mean  value  is  nearly  the  sum  of  the  quantity  of  water  below 
mean  low  water  and  one-half  of  the  mean  tidal  prism.  The  tidal 
prisms  are  given  in  Table  2.  The  average  quantity  of  water,  there- 
fore, is  not  far  from  the  sum  of  41011000  000  and  4  304  500  000,  or 
45  405  500  000  cu.  ft.,  exclusive  of  the  Lower  Bay  and  Jamaica  Bay. 
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Tidal  Kanges. 

The  tidal  ranges,  or  the  rise  and  fall  of  the  tides,  are  not  the  same 
at  all  points  in  the  harbor;  also,  the  hours  at  which  high  and  low  water 
occur  at  different  points  vary  considerably.  These  statistics  are  given 
in  Table  3. 


TABLE  3. — Mean  Kange  of  Tides,  and  Times  of  High  and 
Low  Water.* 


Station. 

Mean 

tidal  ransfe, 

in  feet 

Times. t 

Differences 
IN   Times. t 

H.    W. 

L.  W. 

H.  W. 

L.  W. 

4.7 
4.2 
5.6 
4.0 
4.7 
4.6 
4.4 
5.3 
7.3 
4.0 

7.85 
8.34 
7.55 
8.20 
8.41 
7.41 
8.04 
9.54 
11.09 

8.4;t 

1.27 
2.35 
1.59 
2.28 
2.59- 
1.38 
2.05 
3,39 
5.14 
2.51 

-0.29 
0.30 

—0.09 
0.17 
0.38 

—0.23 
0.00 
1.50 
3.05 
0.45 

--0.3S 

Canarsie,  Jamaica  Bay 

0.30 

^0.06 

0.23 

Passaic  Light,  Newark  Bay 

0.54 

—0.28 

11.00 

Blackwells  Island  Light   

1.33 

3.09 

0.46 

*Tide  Tables,  U.  8.  Coast  and  Geodetic  Survey. 

t  Solar  time,  in  hours  and  minutes,  alter  transit  of  mo<in. 

JFrom  that  at  Governors  Island,  in  hours  and  minutes. 

Current  Velocities. 

The  current  velocities  are  variable  throughout  the  harbor,  and  are 
dependent  on  the  conditions  existing  at  the  time  of  observation.  Under 
normal  conditions,  the  coefficient  which  expresses  the  relation  between 
the  swiftest  surface  thread  of  a  current  and  the  mean  cross-sectional 
velocity  is  probably  fairly  constant  for  any  one  section,  although  it 
is  affected  by  inertia  and  the  reversal  of  the  currents  due  to  change  of 
direction,  which  reversal  does  not  take  place  simultaneously  throughout 
a  section. 

Under,  normal  conditions,  the  swiftest  surface  velocities  (or  the 
velocities  just  under  the  surface)  of  the  tidal  currents,  when  flowing 
at  streng-th,  are  given  in  Table  4,  in  knots  per  solar  hour,  as  well  as 
the  normal  duration  of  surface  currents,  in  lunar  hours.  These  veloci- 
ties and  durations  were  obtained  from  records  of  the  Coast  and 
Geodetic  Survey  and  from  float  observations  made  by  the  Metropolitan 
Sewerage  Commission. 
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The  iiKMii  surfiioc  velocity  of  the  swiftest  thread  is  approximately 

0 

tiiiu's  tlu'  vi'locitv  at  stren^tli,    as  the  wave   formation   is  liarmonic 

n 

in  cliaractcr. 

TABLE  4. — Normal  Swiftest  Surface  Velocities  at  Strength, 
IX  Knots  ;  and  XomrAL  Duration  of  Surface  Currents, 
IN  Lunar  Hours. 


station. 


The  Narrows 

HiuisoL  River,  off  3«th  Street 

East  River,  Brooklyn  Bridge 

offllthStreet 

off  81st  Street 

at  Hell  Gate 

off  01(1  Ferry  Point 

Kill  van  Kull,  off  Port  Richmond. . ." 

"     0.1  mile  S.  of  Bergen  Point 

H.irlem  River,  off  114th  Street 

600  ft.  N.  of  High  Br  idge. . 


Velocity  at 
Strength. 


Ehb. 


2.1 
.S.O 
3.8 
3  0 
2.9 
4.8 
1.3 
2.2 
2.0 
1.0 
1.9 


Flood. 


1.8 
2  0 
3.6 
2.9 
2.6 
4.7 
1.8 
1.9 
1.8 
1.0 
1.8 


Duration.*  in 
Lunar  Hours. 


Ebb.      Flood. 


6  7 
6  7 
6.6 
6  1 
6  0 
5.9 
5.8 
6.3 
6.4 
5.9 
6.0 


5..S 
5.3 
5  4 
5.9 
6.0 
6.1 
6.2 
5.7 
5.6 
6.1 
6.0 


♦The  durations  of  slack-water  are  not  the  same  in  all  parts  of  the  harbor,  nor  does  the 
current  change  at  tlie  same  time  in  all  parts  of  a  section.  The  slack-water  periods  are  in- 
cluded in  the  duration  of  the  currents,  which  add  to  12  lunar  hours. 

Some  observations  of  the  velocities  of  the  currents  at  different  depths 
have  been  made  in  a  few  sections  in  the  harbor.*  They  were  made 
at  one  or  at  only  a  few  stations  in  a  section,  and  the  records  are  not 
sufficiently  full  to  be  of  material  value  in  determining  the  -mean  cross- 
sectional  velocity,  or  the  value  of  the  coefficient  expressing  the  rela- 
tion between  the  velocity  of  the  swiftest  surface  thread  and  the  mean 
velocity  of  the  section.  They  show,  however,  that  the  currents  do  not 
reverse  simultaneously  in  a  section,  and  also  that  the  period  of 
time  occupied  by  a  complete  change  of  current  is  net  the  same  for 
ebb  to  flood  as  for  flood  to  ebb.  Generally  .speaking,  the  period  is 
longer  in  the  former  case  and  shorter  in  the  latter. 

The  surface  of  some  parts  of  the  bottom  of  the  harbor  is  much  freer 
from  fine  silt  and  light  deposits  than  others.  It  also  appears  that 
when  the  velocities  exceed  li  ft.  per  sec,  the  finer  and  lighter  materials 
are  washed  away  and  deposited  in  the  deeper  or  quieter  parts. 


•Reports  of  U.  S.  Coast  and  Geodetic  Survey. 
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Effect  of  Tidal  Range  on  Velocity. 

In  the  East  River  the  tidal  currents  are  nearly  hydraulic,  that  is, 
they  flow  from  the  body  having  temporarily  the  higher  water-surface 
level  to  the  one  having  temporarily  the  lower.  In  other  words,  the 
flow  is  caused,  by  the  difference  in  height  which  temporarily  exists 
between  the  bodies  connected.  In  consequence,  the  velocities  in  the 
East  River  vary  closely  as  the  square  root  of  the  range  of  tide. 

In  the  Hudson  River  the  tidal  currents  are  due  chiefly  to  the  pro- 
gressive wave  motion,  as  is  shown  by  the  fact  that  the  greatest  flood 
and  ebb  velocities  occur  at  nearly  the  times  of  local  high  and  low 
waters.  In  the  Hudson,  therefore,  the  velocities  vary  directly  as  the 
range  of  tide. 

In  the  Kill  van  Kull  and  in  the  Arthur  Kill  the  tidal  currents  are 
nearly  hydraulic,  and  in  them,  as  in  the  East  River,  the  velocities  vary 
closely  as  the  square  root  of  the  range  of  tide. 

In  The  Narrows  the  tidal  currents  are  .partly  hydraulic  and  partly 
due  to  the  progressive  wave  motion.  In  consequence,  the  velocities 
there  vary  approximately  midway  between  the  square  root  of  and  di- 
rectly as  the  range  of  tide. 

In  the  Harlem  River  the  tidal  currents  are  nearly  hydraulic,  and 
are  due  to  a  temporary  difference  in  water  level  in  the  East  River 
and  in  the  Hudson.  Therefore,  the  velocities  vary  approximately  as  the 
square  root  of  the  range  of  tide. 

In  Rockaway  Inlet,  joining  Jamaica  Bay  and  the  Atlantic  Ocean, 
the  currents  are  hydraulic.  The  velocities,  therefore,  vary  as  the  square 
root  of  the  range  of  tide,  the  greatest  velocities  occurring  about  3  hours 
before  high  or  low  water. 

Currents  at  Each  Lunar  Hour. 

The  currents  which  exist  in  the  harbor  at  each  lunar  hour  of  a 
tidal  cycle  are  given  below.  The  directions  of  the  currents  were 
obtained  chiefly  from  the  float  experiments  of  the  Metropolitan  Sewer- 
age Commission,  and  were  checked  from  the  curves  shown  on  Fig.  8. 
Other  observations  were  also  made,  for  purposes  of  verification.  The 
construction  of  the  curves  in  Fig.  8  is  explained  on  page  730. 

/  Lunar  Hour. — The  water  is  flowing  out  of  the  Upper  Bay,  through 
The  Narrows,  toward  the  sea ;  into  the  Upper  Bay,  through  the  Kill 
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van  Kull,  the  East  River,  and  the  Hudson  Eiver;  and  the  water  level 
in  the  Upper  Bay  is  falling. 

//  Lunar  Hour. — The  water  is  flowing  out-  of  the  Upper  Bay, 
through  The  Narrows,  toward  the  sea;  into  the  Upper  Bay  through  the 
East  River  and  the  Hudson  River;  the  Kill  van  Kull  is  nearly  slack; 
and  the  water  in  the  Upper  Bay  is  at  about  mean  low  water. 

///  Lunar  Hour. — The  water  is  flowing  out  of  the  Upper  Bay, 
through  The  Narrows,  toward  the  sea;  out  of  the  Upper  Bay,  through 
the  Kill  van  Kull;  into  the  Upper  Bay,  tlirough  the  East  River  and 
the  Hudson  River;  and  the  water  in  the  Upper  Bay  is  rising. 

IV  Lunar  Hour. — The  water  is  flowing  into  the  Upper  Bay, 
through  The  Narrows,  from  the  sea;  into  the  Upper  Bay,  frctm  the 
Hudson  River;  out  of  the  Upper  Bay  and  Hudson  River,  into  the 
East  River,  out  of  the  Upper  Bay,  into  the  Kill  van  Kull ;  and  the 
water  in  the  Bay  is  rising. 

V  Lunar  Hour. — -The  water  is  flowing  into  the  Upper  Bay,  through 
The  Narrows,  from  the  sea ;  the  Hudson  River  is  nearly  slack ;  the  water 
is  flowing  out  of  the  Upper  Bay,  through  the  East  River  and  the  Kill 
van  Kull;  and  the  water  in  the  Bay  is  rising. 

VI  Lunar  Hour. — The  water  is  flowing  into  the  Upper  Bay, 
through  The  Narrows,  from  the  sea;  out  of  the  Upper  Bay,  through 
the  Hudson  River,  East  River,  and  Kill  van  Kull;  and  the  water  in 
the  Bay  is  rising. 

VII  Lunar  Hour. — The  water  is  flowing  into  the  Upper  Bay, 
through  The  Narrows,  from  the  sea ;  out  of  the  Upper  Bay,  through  the 
Hvidson  River,  East  River,  and  Kill  van  Kull;  and  the  water  in  the 
Bay  is   rising. 

VIII  Lunar  Hour. — The  water  is  flowing  into  the  Upper  Bay, 
through  The  Narrows,  from  the  sea;  out  of  the  Upper  Bay,  through 
the  East  River  and  the  Hudson  River;  the  Kill  van  Kull  is  nearly 
slack;  and  the  water  in  the  Bay  is  at  about  mean  high  water. 

IX  Lunar  Hour. — The  water  is  flowing  into  the  Upper  Bay, 
through  The  Narrows,  from  the  sea;  into  the  Upper  Bay,  througli 
the  Kill  van  Kull;  out  of  the  Upper  Bay,  through  the  Hudson  River 
and  the  East  River;  and  the  water  in  the  Bay  is  falling. 

X  Lunar  Hour. — The  water  is  flowing  out  of  the  Upper  Bay, 
through  The  Narrows,  toward  the  sea;  out  of  the  Upper  Bay,  through 


TapersJ  TIDAL  PIIKXOMKNA   IX   NKU    VOKK   HAUBIM;  673 

tho  Hudson  River;  into  the  Ui)I)(m-  Bay  and  Hudson  River,  through 
the  East  River;  into  tlie  Upper  Bay,  through  the  Kill  van  Kull;  and 
the  water  in  tho  Bay  is  falling. 

A7  Lunar  Hour. — The  water  is  flowing  out  of  the  Upper  Bay, 
through  The  Narrows,  toward  the  sea;  the  Hudson  River  is  nearly 
.slack ;  the  water  is  flowing  into  the  Upper  Bay,  through  the  East  River 
and  tlie  Kill  van   Kull  ;  ;ind  tho  water  in  the  Bay  is  falling. 

.\7/  Lunar  Hour. — The  water  is  flowing  out  of  the  Upper  Bay, 
tlu-duj^h  The  Narrows,  toward  the  sea;  into  the  Upjier  Bay,  through 
the  Hudson  River,  East  River,  and  Kill  van  Kull;  and  the  water  in 
the  Bay  is  falling. 

Water  Levki.s  at  Each  Lunar  Hour. 

The  water  surfaces  are  changing  continually  throughout  the  tidal 
cycle,  and  the  differences  in  elevation  create  sloi)es  which  are  influen- 
tial in  causing  the  water  to  flow  first  in  one,  and  then  in  a  reverse, 
direction. 

Figs.  9  to  20,  inclusive,  show  the  water  surfaces  at  each  lunar  hour 
during  the  cycle.  By  comparing  one  figure  with  those  for  the  pre- 
ceding and  subsequent  hours,  the  rapid  changes  in  levels  are  apparent. 
The  figures  show  the  cause  of  the  violent  currents  through  Hell  Gate, 
and  the  steep  slopes  which  exist  at  this  interesting  place.  These  fig- 
ures were  drawn  from  information  contained  in  Appendix  15,  Report 
of  1887,  and  Appendix  9,  Report  of  1888,  of  the  U.  S.  Coast  and 
Geodetic  Survey,  with  the  elevations  for  some  additional  points  calcu- 
lated by  the  writer  from  Tide  Table  information. 

Land- Water  Discharges. 

The  land-water  discharged  into  the  harbor  comes  from  the  rivers 
and  tlieir  contributing  basins.  The  \J.  S.  Coast  and  Geodetic  Survey 
made  an  estimate*  of  this  land-water,  based  on  the  records  of  the  gavig- 
ing  stations  maintained  by  the  U.  S.  Geological  Sun'ey  and  the  New 
York  State  Engineer  and  Surveyor  at  Mechanicsville  on  the  Hudson 
(1890  to  1905),  and  at  a  point  about  4  miles  below  Rexford  Flats  on 
the  Mohawk  River  (1901-1905).  The  quantity  of  land-water  running 
off  areas  below  these  stations  has  been  assmned  to  be  related  to  these 

♦Tiftter  from   Survey  to  Metropolitan  Sewerage  Commission  of  New  York,  August 

14th,  1908. 
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areas  as  the  measured  discharges  are  to  the  areas  above  the  gauging 
stations.  The  results  thus  obtained  were  then  multiplied  by  factors 
representing  the  ratios  of  the  annual  rainfalls  over  the  regions  under 
consideration  to  the  annual  rainfall  over  the  regions  above  the  gauging 
stations.  These  rainfall  ratios  were  obtained  from  Professor  A.  J. 
Henrj^'s  "Climatology  of  the  United  States."  The  final  results  or  esti- 
mates of  the  land-water  discharges  are  given  in  Table  5. 

Current  Ppienomena. 

The  turn  of  the  tide  takes  place  first  along  the  shore,  so  that  the 
shore  currents  often  flow  contrariwise  to  the  channel  currents.  In  The 
Narrows,  the  first  change  of  current  appears  on  the  east  side  of  the 
channel. 

^^-lien  the  tidal  currents  turn  from  flood  to  ebb  or  from  ebb  to  flood, 
the  inertia  of  the  moving  stream  plays  a  very  important  part.  As  the 
specific  gravity  of  the  sea  outside  of  New  York  bar  is  about  1.024,  the 
sea-water  is  approximately  2i%  heavier  than  the  fresh-water  dis- 
charged from  the  rivers.  As  the  tide  begins  to  flood,  there  is  a  tend- 
ency for  this  lighter  fresh-water  to  flow  out  over  the  top 'of  the  incom- 
ing heavier  salt-water,  and  for  the  formation  of  top  and  bottom  cur- 
rents flowing  in  opposite  directions.  Consequently,  an  "under-run"  is 
formed.  The  "mider-run"  of  salt-water  up  the  Hudson  River  extends 
above  Poughkeepsie,  where  the  water  is  often  found  brackish  during 
seasons  when  the  river  discharge  of  land-water  is  small. 

The  Metropolitan  Sewerage  Commission  made  more  than  ninety 
float  experiments  during  1907,  1908,  and  1909.  The  floats  were  made 
deep,  in  order  that  they  might  not  be  influenced  by  the  wind,  and  were 
of  two  kinds:  a  submerged  can  supported  by  a  wire  to  a  can  float,  and 
a  wooden  post  carrying  vanes  at  the  lower  end  supported  by  a  wooden 
float  at  the  upper  end.  The  can  float  was  made  in  the  following  way: 
The  submerged  can  was  6:1  in.  in  diameter  and  14  in.  high,  and  had 
a  ring  at  the  top  to  which  was  fastened  a  copper  wire  connecting  it  to 
the  float  proper.  The  length  of  this  wire  could  be  varied,  but  was 
usually  about  4  ft.  The  float  was  a  can,  51  in.  in  diameter  and  5  in. 
high,  hermetically  sealed,  and  had  a  socket  on  the  cover  in  whicli  could 
be  placed  a  staff  for  a  smfill  flag.  The  submerged  can  had  an  opening 
in  the  cover  through  which  sand  could  be  introduced  so  as  to  weight 
the  apparatus  until  the  float  became  almost  submerged. 
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The  second  float  consisted  of  a  4  by  4-in.  wooden  standard,  vary- 
ing in  length,  but  usually  about  6  ft.  long.  At  the  lower  end,  four 
18  by  18-in.  vanes  of  No.  14  B.  w.  g.  sheet-iron  were  bolted.  At  the 
upper  end  a  12  by  12  by  24-in.,  wooden  block  was  fastened  vertically, 
and  the  whole  was  weighted  so  that  it  was  nearly  submerged.  On  the 
upper  end  of  the  float  there  were  iron  straps  which  carried  two  heavy 
hooks  for  fastening  the  lifting  tackle,  and  a  light  rod  on  which  could 
be  put  a  flag  during  the  day  or  a  lantern  at  night.  The  second  type 
of  float  gave  the  greater  satisfaction,  as  it  was  the  more  substantial 
for  this  heavy  service,  and  its  motion  was  not  affected  appreciably  by 
the  wind. 

Floats  were  set  adrift  in  different  parts  of  the  harbor  and  at  differ- 
ent stages  of  the  tide.  They  were  followed  by  observers  who  noted 
their  position  at  frequent  inteiTals,  generally  using  the  sextant,  and 
the  positions  were  plotted  on  a  large-scale  chart.  Many  of  the  paths 
thus  traced  were  duplicated  by  other  floats.  Broadly  speaking,  the 
floats  showed  a  general  trend  toward  the  sea,  past  Sandy  Hook; 
although,  naturally,  they  were  carried  forward  and  backward  with  the 
ebb  and  flood  tides.  Figs.  21  to  32,  inclusive,  show  the  paths  of  twelve 
representative  floats,  as  observed  by  the  Metropolitan  Sewerage  Com- 
mission. Fig.  33  shows  the  paths  of  floats  at  the  entrance  to  Jamaica 
Bay  as  observed  under  the  direction  of  Col.  John  G.  D.  Knight,  Corps 
of  Engineers,  U.  S.  Army,  in  December,  1908.  Some  were  started  in 
the  ocean  and  entered  the  bay  on  flood  tide,  others  were  set  adrift  in 
the  entrance  and  passed  out  on  ebb  tide.  The  tendency  is  for  the 
currents  to  flow  into  and  out  of  the  bay  around  Rockaway  Point.  The 
flow  is  chiefly  to  and  from  the  ocean,  and  less  directly  past  Coney 
Island. 

The  paths  of  the  floats  show  the  general  behavior  of  the  currents 
in  the  harbor;  the  general  drift  toward  the  Atlantic  Ocean;  the  back- 
ward and  forward  paths  in  the  Upper  Bay  and  rivers;  the  tendency  to 
hug  the  Staten  Island  shore  at  The  Narrows;  the  tendency  of  a  parti- 
cle to  remain  in  Newark  Bay  and  Kill  van  Kiill;  and  the  tendency  of 
a  particle  to  remain  in  the  East  River  (Figs.  2Y,  28,  29,  and  30)  ;  which 
fcubstantiates  the  conclusion  that  the  southerly  resultant  flow  of  the 
East  River  is  not  great. 

When  velocity  data  are  worked  out  from  float  experiments,  a  cor- 
rection should  be  made  for  the  range  of  tide  existing  on  the  day  of 
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PATH   OF  A  FLOAT  FROM   NEWARK  BAY  TO  THE  SEA. 
Fig.  21. 
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•^  Float  taken  up 

^  2.20  A.M.  Sov.12 

PATH  OF  A  FLOAT  FROM  THE  HUDSON  RIVER  TO  THE  LOWER  BAY 

Fig.   22. 
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PATH   OF  A  FLOAT  FROM   THE    HUDSON    RIVER  TO  THE   LOWER 

Fig.  23. 


BAY 
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££NEY     ISLAND  ^^   ^ V,    <^ 


Float  Started 
10;55  A.M.NOV.  29,  1909 


^^C3{^ 


Float  tatcn  up 
e;30r.M.Nov.3U,  1909 

PATH  OF  A  FLOAT  FROM  THE  EAST  RIVER  TO  THE  SEA 

Fig.   24. 
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10.15  A.M.Dec.8 
^  Float  taken  up 
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PATH   OF  A  FLOAT  FROM   THE   EAST  RIVER  TO  THE    LOWER  BAY 

Fig.  25. 
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PATH  OF  A  FLOAT  IN  THE  UPPER  EAY  AND  EAST  RIVER 

Fig.   26. 
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PATH   OF  A  FLOAT  IN  THE    UPPER  BAY  TO  THE   EAST   RIVER 
Fig.  27. 
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PATH   OF  A  FLOAT  IN  THE    EAST  RIVER 
Fig.  28. 
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PATH   OF  A  FLOAT  IN  THE   EAST  RIVER. 
Fig.   29. 
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PATH  OF  A  FLOAT  IN  THE  EAST  RIVER  AND  LONG  ISLAND  SOUND 


Fia.  30. 
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PATH  OF  A  FLOAT  IN  THE  HARLEM  RIVER 


Fig.  31. 
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PATH  OF  A  FLOAT   IN  THE   HARLEM   RIVER 
Fig.  32. 
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EBB  TIDE 


SCALE  OF  MILES 


^W'^' 


Start  9:'53  A.M.  30  Dec.  1908, 
Last  Qbservation  3  05  P. 


FLOOD  TIDE 
PATHS  OF  FLOATS  THROUGH  ROCKAWAY  INLET. 

AS  OBSERVED  UNDER  THE  DIRECTION  OF  COL.  JOHN  G.O.  KNIGHT,  CORPS  OF  ENGINEERS,  U.S.A. 

Fig.  33. 
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observation,   in  order  to   change  the  observed  velocity  to   that  which 

would  have  existed  for  a  normal  range,  as  discussed  under  the  heading, 

"Effect  of  Tidal  Range  on  Velocity,"  page  670. 

Calculations   were   made   of   the   theoretical   paths    which   particles 

would  take  during  successive  tides,  as  explained  on  page  662.     Such 

paths  are  shown  in  Fig.  34  for  a  particle  starting  in  the  Hudson  River, 

off  Grant's  Tomb,  on  a  flood  tide;  and  in  Fig.  35,  starting  off  College 

Point,  in  the  East  River,  one  on  flood  and  one  on  ebb  tide.     The  paths 

were   worked  out  by   calculating   the   distance   traveled   by   a   particle 

during  a  complete  flood  or  ebb  period  by  substituting  in  the  formula, 
2 
—   A  t,  in  which  A  denotes  the  velocity,  in  knots  at  strength,  and  t 

the  duration  of  the  current,  in  solar  hours,  both  as  given  in  the  Tide 
Tables.  The  distances  traveled  on  both  ebb  and  flood  currents  wei'e 
thus  determined  for  each  mile,  and  the  results  arranged  in  proper 
order.  The  plottings  of  the  paths  in  Figs.  34  and  35  were  then  made 
by  using  the  average  of  the  results  of  the  calculated  distances  for  the 
miles  which  the  particle  would  pass  during  the  current  being  consid- 
ered. The  path  calcvdated  for  the  Hudson  River  and  Upper  Bay,  Fig. 
34,  agrees  closely  with  that  actually  traversed  by  a  float,  as  shown  in 
Fig.  22.  The  paths  calculated  for  the  East  River  were  longer  than  the 
distances  traversed  by  the  floats  on  each  current,  which  was  to  be  ex- 
pected, as  the  calculation  is  based  on  the  particle  remaining  in  the 
swiftest  thread.  However,  Fig.  35  indicates  that  a  particle  set  adrift 
in  the  East  River  near  College  Point  is  likely  to  remain  in  the  river, 
as  was  the  result  with  a  float,  Fig.  28,  which  was  followed  for  nearly 
So-  days  and  never  passed  farther  south  than  the  Brooklyn  Bridge,  nor 
farther  east  than  Whitestone  Point. 

Volumes  of  Water  Flowing  on  Flood  and  Ebb  Currents. 

The  volume  flowing  on  each  tidal  current  can  be  estimated  in  ac- 
cordance with  the  principles  deduced  for  calculating  the  flow  of  rivers. 
The  estimates  will  be  approximately  correct,  and  considering  the  daily 
variations,  will  be  sufficiently  accurate  for  all  practical  purposes.  These 
estimates  are  based  on  the  area  of  a  selected  section  below  the  mean 
level  of  the  water  surface,  the  mean  velocity  of  the  current,  and  the 
time  during  which  the  current  flows.  ;  :  '  ••;< ) 

It  is  neither  a  simple  nor  an  easy  matter  to  make  gaugings  of  the 
volumes  flowing  on  the  tidal  currents,  because  the  volumes  are  so  large, 
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and  the  measurements  would  liave  to  extend  over  long  periods,  in 
order  to  average  out  the  daily  variations;  and  they  would  have  to 
be  made  at  stations  located  so  closely  together  as  to  interfere  with  navi- 
gation. For  exact  results,  current  velocity  measurements  would  have 
to  be  taken  at  many  different  depths  at  each  station.  Such  measure- 
ments should  be  made  nearly  coincident  at  each  station,  and  repeated 
at  short  intervals  of  time,  because  the  velocities  of  the  threads  at  dif- 
ferent depths  may  vary,  and  are  subject  to  changes  in  direction  which 
are  not  synchronous,  due  to  the  reversals  of  the  tidal  currents.  The 
work  of  making  actual  gauge  measurements  of  such  large  volumes  as 
flow  in  the  East  River,  the  Hudson  River,  and  through  The  Narrows 
would  be  very  costly. 

The  volumes  of  the  currents  passing  any  selected  section  during 
a  tidal  interval  are  not  constant,  because  of  lunar  and  seasonal  vari- 
ations. The  average  or  mean  volvimes,  however,  can  be  estimated  with 
sufficient  accuracy  for  all  practical  purposes. 

With  the  exception  of  the  East  River  and  the  Harlem  River,  where 
the  (Mirronts  are  purely  hydraulic,  that  is,  produced  by  a  difference  in 
level  of  the  water  surfaces  at  each  end,  the  main  currents  are  com- 
plicated by  the  discharges  of  the  land-waters  from  the  water-sheds 
above.  In  consequence,  the  ebb  currents  exceed  the  flood  currents  in 
volume  by  just  the  discharges  of  land-water.  This  is  true  mider  mean 
conditions,  that  is,  when  the  ranges  of  consecutive  tides  are  the  same. 

Therefore,  each  tidal  flow  is  composed  of  a  periodic  portion  due 
to  the  true  tidal  wave,  and  a  non-periodic  portion  due  to  the  land-water 
discharge.  These  two  portions  are  mixed  into  one  volume,  but,  for 
purposes  of  estimate,  must  be  kept  distinct.  It  wuU  be  clear,  then, 
that  the  resultant  discharge  from  the  harbor  to  the  sea  will  be  the 
land-water  discharges  of  the  rivers,  and  no  more,  except  the  southerly 
net  flow  of  the  East  River,  which,  as  will  be  shown  later,  is  not  great. 

The  rise  and  fall  of  the  tides  and  the  current  velocities  may  be  as- 
sumed to  vary  according  to  the  ordinates  of  a  sinusoid.  Any  deviation 
is  due  to  local  conditions  or  to  temporary  irregularities.  The  true  tidal 
actions  are  periodic,  and  each  tide  extends  over  a  period  of  6  lunar 
hours  or  (nearly)  6.21  solar  hours. 

The  U.  S.  Coast  and  Geodetic  Survey  has  made  estimates  of  the 
volumes  of  the  tides  flowing  past  selected  sections,  for  each  month,  by 
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SURFACE  CURRENT  MOVEMENTS   DURING  SUCCESSIVE  TIDES  THROUGH  THE 

HUDSON   RIVER,  UPPER  AND  LOWER  NEW  YORK  BAYS. 

CALCULATED   FROM  VELOCITIES  GIVEN    INTIDE  TABLES  FOR   1908. 


Mount  St. Vincent 


Spuyten  Duyvil 


Grants  Tomb 


West  42d  Street 


The  Battery 


The  Narrows 


Coney  Island  Light 


Sandy  Hook  Beacon 


Scotland  Light-ship 
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Fig.  34. 
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SURFACE  CURRENT  MOVEMENTS  DURING  SUCCESSIVE  TIDES  THROUGH  THE 

EAST  RIVER,  UPPER  AND  LOWER   NEW  YORK  BAYS. 

CALCULATED   FROM  VELOCITIES  GIVEN    IN  TIDE  TABLES  FOR   1908. 
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Sandy  Hook  Beacon 


Scotland  Light-ship 


•  Starting  at  beginning 
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Fig.  35. 
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using  the  monthly  menu  discharge  of  huid-water,  and  then  averaging 
these  monthly  results  for  the  yearly  mean. 

Draw  a  line,  ABC,  Fig.  36,  and  divide  it  into  lunar  hours.  Dravp^ 
a  curve  of  sines,  A  M  B  C,  such  that  M  N  represents  the  maximum 
rate  of  flow  due  to  the  periodic  portion.  Its  value  is  found  by  multi- 
plying the  area  of  the  section  below  mean  water  level  by  the  mean 
sectional  velocity  of  the  current  at  the  time  of  strength.  The  result 
is  usually  given  in  cubic  feet  per  second.  The  mean  sectional  velocity 
is  about  0.75  times  the  velocity  at  the  surface.  Distances  along  ABC 
represent  lunar  hours  and  also  degrees  of  angles.  Thus  A  B  is  6  lunar 
hours  and  180  degrees. 

Parallel  to,  and  above,  A  B  C,  draw  a  line,  D  E  F,  so  that  the  dis- 
tance between  the  two  will  represent  the  rate  of  flow  of  the  non-peri- 
odic portion,  or  the  river  discharges  of  land-water. 


Fig.   36. 
Ivct  R   denote   the   rate  of  flow   of  the  periodic  portion   at  maximum 

streng-th,  or  M  N,  in  cubic  feet  per  second  (or  per  solar  hour)  ; 
"   R'  denote  the  rate  of  flow  of  the  periodic  portion  at  any  time,  N  N', 

after  strength,  or  M'  N',  in  cubic  feet  per  second  (or  per  solar 

hour) ; 
"     t    denote  the  time  after  strength,  or  N  N' ,  in  seconds  (or  in  solar 

hours) ; 
"     a  denote  a  constant,  so  that  a  t  equals  the  number  of  degrees  in 

the  angle  between  N  and  N' ; 
"'   K  denote  the  rate  of  flow  of  the  non-periodic  portion,  or  0  N ,  in 

cubic  feet  per  second  (or  per  solar  hour)  ; 
"     0  denote  the  number  of  degrees  in  the  angle  between  0  and  E,  or 

where  R'  equals  K. 
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Then : 

M'  N'  =  E'  =  E  i-os.  a  I 

M'   S   =  y  =  E  COS.  a  t  —  A'. 


As  0  is  tlie  an^le  at  wliidi  E  cos.  a  t  =  A',  cos.  G  =:  — - 

7i 


0  E  ^  half  duration  of  tlood  — 

a 


K 

^',  L-os.  G  = 

0 


Therefore, 


the  area,  0  ^l  M'  E  =    \\  y  dt  =    I     (E  cos.  a  t  —  K)  dt 
or,  the  vohime  of  half  tlood  ^    I     E  cos.  a  I  dt  —  K  dt 


e  E 


r"  n     .  ^,  -I 

=        —  sin.  at  —  7v M 
I  0   a  J 


=  —  sin.  0  —  K sin.  0  +  A  — (1) 

a  a  a  a 


As    sin.    0    =      11  —  COS.-  G,  or       1  —  -^^g ,  and  as  G  is   the  angle 


the  cosine  of  which  is-^,  Equation  (1)  becomes 
E 

-)   K 

cos.        - 

K 

a 


(1    N  R' 

For  time  in  seconds, 


number  of  seconds  in  (j  lunar  hours       2-2  357' 

or,  for  solar  hours,  •''<•■■  '  ■:     i    "  ■; 

ff  It 

number  of  solar  hours  in  6  lunar  hours       6.21 ' 

therefore,  the  voUime  flowing  on  the  total  flood  is  twice  Equation  (2). 

After  substituting  the  value  of  a,  for  the  time  in  seconds,  the  total 
flood  volume 


,4-2:«[r  Jl-^^-A'cos."'f] (3) 
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T-he  volume  flowing  on  the  total  ebb  is  the  flood  volume  plus  the 
run-off  for  12  lunar  hours.     This  latter  quantity  is  represented  by  the 

area,  A  B  C  F  E  D,  or  by  ^-J^,  as  J.  0  =  — . 

a  a 

The  volume  flowing-  on  the  ebb,  therefore,  is. 


=  44  714  K  +  14  233  [  J?  ^|  1  -  ^2  —  A'  cos.       —J (4) 

Taking  a  section  between  Sandy  Hook  and  Coney  Island,  the  value 
of  i2  is  1  685  812  cu.  ft.  per  sec.,*  being  the  product  of  the  mean  cross- 
sectional  area  and  0.75  of  the  average  surface  velocity.  The  value  of 
Kj  or  the  rate  of  run-ofl^,  is  variable  for  each  month,  but  the  monthly 
means  are  given  in  Table  5.     Substituting  these  values  in  Equations 

(3)  and  (4),  and  working  out  the  volumes  of  flood  and  ebb  for  each 
month,  the  mean  flood  and  ebb  volumes  can  be  estimated  by  averaging 
the  monthly  results. 

The  mean  total   ebb  volume  is  24  658  499  000  cu.  ft. 
The  mean  total  flood  volume  is  23  322  888  000    "     " 

A  section  was  taken  across  The  Narrows,  and  Equations   (3)   and 

(4)  were  solved  for  each  monthly  result;  the  details  are  given  in 
Table  6.  In  this  way  the  flood  and  ebb  volumes  for  each  month 
can  be  ascertained.  The  mean  result  for  the  year  has  been  calculated, 
and  the  averages  for  the  12  months  are  also  given. 

The  velocities  of  current  at  strength  have  been  taken  from  Table 
4.  The  values  of  K  have  been  found  by  adding  the  resultant  flow  of 
the  East  River,  which  is  about  40  000  000  cu.  ft.  per  6  lunar  hours 
(page  715),  to  the  total  of  the  land-water  entering  the  Upper  Bay 
.above  The  Narrows,  as  given  in  Table  5,  and  dividing  the  sum  by 
22  357,  or  the  number  of  seconds  in  6  lunar  hours. 

The  mean  volumes  of  the  normal  tidal  flows  past  any  section  can 
be  estimated  closely  by  a  shorter  process :  Find  the  mean  height  of 
the  curve,  AMB,  Fig.  36,  for  both  flood  and  ebb  currents ;  then  multiply 
this  average  rate  of  flow  by  the  area  of  the  section  and  by  the  duration 
of  the  current  in  time,  and  the  result  will  be  the  mean  of  the  volumes 

*  From  information  received  from  the  U.  S.  Coast  and  Geodetic  Survey.  January  22d,  1910. 
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flowing  through  the  section  on  both  ebb  and  flood  currents.  The  flood 
vohime  will  be  the  mean,  thus  found,  less  one-half  of  the  land-water 
discharged  during  12  lunar  hours;  and  the  ebb  volume  will  be  the  mean 
volume  plus  one-half  of  the  land-water. 

The  writer  thus  estimated  the  volumes  flowing  on  the  tidal  cur- 
rents past  various  sections  of  the  harbor,  chiefly  based  on  investiga- 
tions made  by  the  Metropolitan  Sewerage  Commission.  These  re- 
sults agree  fairly  well  with  the  estimates  made  by  the  United  States 
Coast  and  Geodetic  Survey. 

For  comparison,  the  tidal  volumes   at  The  Narrows   are  given   in 

cubic  feet:  „.,  ^,,     , 

Ebb.  Flood. 

By  short  method 12  041  200  000  10  778  800  000 

"     Equations  (3)  and  (4)  .   12  024  200  000  10  762  000  000 

"     U.  S.  C.  and  G.  Survey.   12  211 187  000  11  028  853  000 

The  U.  S.  Coast  and  Geodetic  Survey  results  were  calculated  by 
Equations  (3)  and  (4),  but  were  based  on  a  mean  velocity  at  strength 
of  2  knots,  with  no  allowance  for  any  resultant  discharge  fi'om  the 
East  River. 

Volumes  of  Tidal  Discharges. 

The  Narrows. 

The  section  between  Fort  Wadsworth  and  Fort  Hamilton  is  5  280  ft. 
wide,  and  its  average  depth  below  mean  water  level  is  61  ft.,  so  that 
its  area  is  322  000  sq.  ft. 

The  average  velocity  of  the  swiftest  surface  thread  during  the  tidal 
period  on  ebb  is  1.34  knots,  and  on  flood  1.17  knots.  These  velocities 
were  obtained  by  plotting  the  results  of  the  float  observations  of  the 
Metropolitan  Sewerage  Commission  and  drawing  a  smooth  curve 
through  the  points.  The  areas  below  these  approximate  sinusoids  were 
then  divided  by  their  lengths,  giving  the  average  velocities.  The  mean 
of  the  ebb  and  flood  average  velocities  of  the  swiftest  surface  thread 
is  1.255  knots,  or  7  G31  ft.  per  solar  hour. 

The  coefiicient  to  reduce  the  surface  velocities  to  cross-sectional 
velocities  was  taken  at  0.75.  The  mean  cross-sectional  velocity,  there- 
fore, is  5  723  ft.  per  solar  hour.  Multiplying  the  area  of  the  section 
by  the  mean  cross-sectional  velocity  gives  1 837  000  000  cu.  ft.  per 
solar  hour  as  the  mean  rate  of  flow  through  the  section. 
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I'ho  length  of  time  that  each  current  flows  was  taken  at  6  lunar 
hours,  or  0.21  solar  hours.  The  mean  volume  flowing  on  ebb  and  flood 
currents  is  11410  000  000  cu.  ft.,  obtained  by  multiplying  the  mean 
rate  of  flow  through  the  section  by  the  length  of  time. 

The  mean  yearly  discharge  of  land-water  run-oflF  past  The  Narrows 
for  0  lunar  hours  is  591200  000  cu.  ft.,  or  1182  400  000  cu.  ft.  per 
tidal  cycle  of  12  lunar  hours.  These  figures  are  from  the  records  of 
the  U.  S.  Coast  and  Geodetic  Survey  and  the  New  York  State  Engineer 
and  Surveyor.     See  Table  5. 

In  addition  to  this  run-off,  there  is  a  net  discharge  through  the 
East  River  from  the  Sound  into  the  Upper  Bay  which  passes  out 
through  The  Narrows.  This  not  discharge  is  about  80  000  000  cu.  ft. 
per  tidal  cycle,  as  explained  on  page  715. 

The  total  net  discharge,  therefore,  is  1262  400  000  cu.  ft.;  and, 
from  what  has  been  stated  on  page  708,  the  average  ebb  volume 
will  be  approximately  the  mean  given  above  plus  one-half  of  this  net 
discharge,  and  the  average  flood  volume  will  be  the  mean  less  one-half 
of  this  net  discharge,  or: 

Average   volume   of   ebb    current,  12  041  200  000  cu.  ft. 
Average  volume  of  flood  current,  10  778  800  000    "     " 

Hudson   River. 

The  section  of  the  river  opposite  West  39th  Street,  Manhattan,  is 
3  900  ft.  wide,  and  its  average  depth  below  mean  water  level  is  37.44  ft., 
so  that  its  area  is  146  000  sq.  ft. 

The  average  velocity  of  the  swiftest  surface  thread  during  the  tidal 
period  on  ebb  is  1.86  knots,  and  on  flood  1.26  knots.  These  velocities 
were  obtained  by  plotting  curves  from  information  obtained  from  the 
U.  S.  Coast  and  Geodetic  Survey  and  from  the  U.  S.  Coast  Pilot,  in 
the  same  manner  as  those  for  The  Narrows.  The  mean  of  the  ebb  and 
flood  average  velocities  of  the  swiftest  surface  thread  is  1.56  knots,  or 
9  485  ft.  per  solar  hour. 

The  coefiicicnt  to  reduce  the  surface  velocities  to  cross-sectional 
velocities  was  taken  at  0.75.  The  mean  cross-sectional  velocity,  there- 
fore, is  7  113  ft.  per  solar  hour.  Multiijlying  the  area  of  the  section 
by  the  mean  cross-sectional  velocity  gives  1  038  000  000  cu.  ft.  per  solar 
hour  as  the  mean  rate  of  flow  through  the  section. 
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The  mean  volume  flowing  on  ebb  and  flood  currents  is  6  447  000  000 
cu.  ft.,  obtained  by  multiplying  the  rate  of  flow  through  the  section 
by  the  length  of  time,  or  6.21  solar  hours. 

The  mean  yearly  discharge  of  land-water  run-off  past  Battery  Place 
for  6  lunar  hours  is  543  600  000  cu.  ft.,  or  1  087  200  cu.  ft.  per  tidal 
cycle  of  12  lunar  hours.  These  figures  are  from  the  records  of  the 
U.  S.  Coast  and  Geodetic  Survey  and  the  New  York  State  Engineer 
and  Surveyor.     See  Table  5. 

From  what  has  been  stated  on  page  708,  the  average  ebb  flow 
will  be  the  mean  given  above  plus  one-half  of  this  net  discharge,  and 
the  average  flood  volume  will  be  the  mean  less  one-half  of  this  net 
discharge,  or: 

Average  volume  of    ebb    current,  6  990  600  000  cu.  ft. 
Average  volume  of  flood  current,  5  903  400  000    "      " 

East  River. 

The  run-off  from  the  areas  which  naturally  drain  into  the  East 
River  is  small  compared  with  the  volumes  of  the  tidal  discharges.  As 
the  East  River  is  a  strait,  the  flow  is  subject  to  the  actions  of  the  sepa- 
rate tidal  waves  entering  at  each  end,  Throgs  ISIeck  and  Governors 
Island. 

The  difference  in  water  level  creates  a  hydraulic  flow  through  the 
strait  or  river.  As  the  "westerly  and  southerly"  and  the  "northerly 
and  easterly"  hydraulic  slopes  are  equal,  there  would  be  no  reason  to 
expect  a  greater  flow  in  one  direction  than  in  the  other. 

A  sufficient  number  of  actual  measurements  of  velocity,  and  ex- 
tending over  sufficiently  long  periods  of  time,  have  not  been  made  to 
determine  positively  the  mean  volumes  flowing  on  the  two  tidal  cur- 
rents; therefore,  the  difference  between  the  volumes  can  only  be  esti- 
mated by  theoretical  reasoning. 

If  a  base  line  is  drawn  and  divided  into  equal  spaces,  each  of  which 
represents  a  lunar  hour,  and  if  a  sinusoid  be  drawn  on  this  base  line 
to  represent  the  rise  and  fall  of  the  water  above  and  below  mean  water 
level  off  Willets  Point,  then  each  ordinate  would  represent  the  surface 
level  of  the  water  above  or  below  mean  water  level  at  each  lunar  hour. 

If  a  second  sinusoid  be  drawn  in  a  similar  manner  for  the  rise  and 
fall  of  the  tide  at  Governors  Island,  then,  by  placing  it  so  as  to  be 
spaced  at  the  proper  interval  of  time   relative   to   the   Willets   Point 
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sinusoid,  a  comparison  can  be  made  of  the  elevations  of  the  water 
surface  at  both  ends  of  the  strait  for  every  lunar  hour.  These  curves 
are  represented  in  Fig.  7,  and  from  a  study  of  them  it  will  be  noted 
that,  from  the  lunar  hours  of  IX  to  III  after  the  transit  of  the  moon, 
the  surface  of  the  water  at  Willets  Point  is  above  that  at  Governors 
Island,  and  a  reverse  condition  is  maintained  from  the  lunar  hours 
of  III  to  IX.  These  two  sinusoids  form  lunes,  the  ordinates  of  which 
represent  the  difference  of  the  water  levels  between  the  ends  of  the 
straits  at  each  lunar  hour.  If  the  centers  of  these  lunes  are  deter- 
mined, it  will  be  noted  that,  during  the  time  when  the  current  is  flow- 
ing from  Willets  Point  to  Governors  Island,  the  water  level  is  0.74  ft. 
above  mean  water  level.  For  the  reverse  current,  from  Governors 
Island  to  Willets  Point,  the  average  water  level  is  the  same  distance 
below  mean  water  level.  In  other  words,  the  cross-sectional  area  of  the 
stream  during  the  "westerly  and  southerly"  flow  would  be  greater  than 
during  the  "northerly  and  easterly"  flow;  or,  a  greater  flow  would 
occur  from  the  Sound  to  the  Fpper  Bay  than  in  the  reverse  direction, 
if  the  velocities  were  the  same  in  each  direction. 

Assuming  that  the  average  depth  of  the  river  below  mean  water 
level  is  38  ft.,  then  the  average  depth  during  the  southerly  flow  would  be 

38  +  0.74  =  38.74  ft., 
and   in   a  similar  way   the   average   depth    during  the   northerly  flow 
would  be 

38  —  0.74  =  37.26  ft. 

If  the  velocities  are  the  same  in  each  direction,  and  the  lengths 
of  time  during  which  the  currents  flow  are  equal,  then  the  mean 
volumes  flowing  on  a  southerly  current  would  be 

38.74 

=  1.04 

37.26 

times   the  volume  flowing  on  a   northerly  flow.     In  other   words,   the 

southerly  discharge  of  the  river  would  be,  from  this  reasoning,  about 

4%  greater  than  the  northerly  discharge. 

If,  at  different  sections  of  the  river  between  Willets  Point  and  the 

Battery,   sinusoids   are   drawn   to   represent   the   surface   of   the   water 

above  and  l)rlow  mean  water  level,  and  on  these  diagrams  the  northerly 

and  southerly  currents  are  marked,  and  the  average  water  levels  are 

determined  for  each  current,  it  will  be  found  that  the  cross-sectional 
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nrea  of  the  river  is  greater  on  the  southerly  current  for  those  sections 
between  Willets  Point  and  some  place  at  about  60th  Street;  but  for 
the  sections  between  the  Battei-y  and  about  60th  Street,  the  reverse 
condition  obtains.  From  this  it  would  seem  as  if  the  southerly  flow 
did  not  exceed  the  northerly  flow  by  the  quantity  which  would  be 
expected  from  the  difference  in  water  level  at  each  end  of  the  strait. 

Observations  made  by  the  U.  S.  Coast  and  Geodetic  Survey  indi- 
cate that,  generally  speaking,  the  current  having  the  larger  section 
has  the  smaller  velocity,  and  vice  versa,  thus  leaving  the  question  of 
the  quantity  of  net  discharge  uncertain. 

Henry  Mitchell*  gives,  as  the  result  of  some  of  his  observations,  the 
volumes  passing  through  a  section  opposite  Wall  Street,  4  341 100  000 
cu.  ft,  on  flood  and  4  383  500  000  cu.  ft.  on  ebb,  or  a  difference  of  only 
1%  in  favor  of  the  southerly  flow. 

The  Coast  Survey's  observations  for  sections  between  Wallabout 
Bay  and  the  southern  extremity  of  Blackwells  Island  indicatef  that 
the  flood  volume  is  quite  as  great  as  that  of  the  ebb.  These  observa- 
tions covered  work  done  at  18  stations.  The  Survey's  observations 
between  Blackwells  Island  Light  and  Throgs  Neck,  taken  at  21  sta- 
tions, indicatef  that  the  easterly  current  is  decidedly  stronger  than  the 
westerly,  but  that  the  average  cross-sectional  area  of  the  currents  is 
greater  on  the  westerly  flow.  Thus  the  westerly  net  discharge  cannot 
be  great,  for  these  figures  would  indicate  a  small  net  discharge  easterly 
into  the  Sound. 

The  Survey's  observations  around  Blackwells  Island,  taken  alone, 
indicate:}:  a  small  net  southerly  discharge,  the  west-and-south-going 
volume  being  about  3%  greater  than  the  north-and-east-going  volume. 
As  Blackwells  Island  is  about  midway  between  the  ends  of  the  strait, 
and  as  the  stream  is  well  defined  at  this  point,  these  observations  seem 
to  be  important  in  deciding  the  question  of  whether  there  is  or  is  not 
a  net  westerly  and  southerly  discharge. 

Although  Henry  Mitchell  lays  great  stress  on  the  difference  in  cross- 
sectional  areas,  which  at  Hell  Gate  amounts  to  nearly  8%,  and  thus 
reasons  that  the  westerly  discharge  is  about  that  much  greater  than 
the  easterly  discharge,  the  theoretical  state  of  the  conditions  indicates 

♦Report  of  the  U.  S.  Coast  and  Geodetic  Survey.  1871,  p.  131. 
t  U.  S.  Coast  and  Geodetic  Survey,  Letter  of  Februai-y  Cth,  1909. 
t  U.  S.  Coast  and  Geodetic  Survey,  February  6th,  1909. 
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that  the  volinno  flo\viiis>-  on  tlie  currents  will  not  vary  directly  as  the 
cross-sections  of  the  two  streams  at  Hell  Gate.  This  is  true,  because, 
the  smaller  the  section  at  the  Gate,  the  greater  must  be  the  velocity 
at  that  point,  as  the  length  through  the  Gate  is  a  small  fraction  of  the 
lengths  of  the  other  reaches  of  the  river.  This  result  can  be  shown 
by  Bernoulli's  theorem  applied  to  a  strait,  which  becomes,  when  frictioti 
is  taken  into  account.* 

.^_ 2(7(r,-g,) 

^  +  ^727^'  +  -   a,'\^)  +^723^^^3V7rJ  ^  •••• 

in  which  C;  and  ?^^  denote  the  heights  of  the  surface  of  the  water,  at 
the  Gate  and  beyond,  above  half -tide  level;  ?'  a  friction  factor;  P 
the  wetted  perimeter  ;  f2  the  area  of  the  section,  and  L  the  length  of 
the  channel.  Tlie  subscript.  1,  refers  to  the  Gate,  and  sul)scripts,  2,  3, 
etc.,  refer  to  other  portions  of  the  channel.  The  resistance,  as  expressed 
in  the  denominator,  increases  if  the  cross-section  at  the  Gate,  /2j,  in- 
creases, the  otluT  sections,  £1.,,  D.^,  etc.,  remaining  the  same.  The  velocity 
then  would  vary  inversely  as  fly  Because  the  other  sections,  fl.^,  ilg, 
do  not  remain  the  same  for  both  streams,  the  real  velocity  will  vary  less 
than  changes  in  D.y 

Taking  into  account  the  information  thus  briefly  outlined,  for  the 
whole  length  of  the  river,  it  "seems  probable  that  the  volume  trans- 
mitted westerly  can  be  not  more  than  one  or  two  per  cent,  greater  than 
the  volume  transmitted  easterly."'! 

As  the  volume  flowing  on  each  tidal  current  is  about  4  000  000  000 
cu.  ft.,  the  net  or  resultant  flow  from  the  Sound  to  the  Upper  Bay 
would  be,  at  2%,  80  000  000  cu.  ft.  per  tidal  cycle. 

East  River  at  BrooMyn  Bridge. — The  section  of  the  river  at  Brook- 
\yix  Bridge  is  1  500  ft.  wide,  and  its  average  depth  below  mean  water 
level  is  44.20  ft.,  so  that  its  area  is  66  300  sq.  ft. 

The  average  velocity  of  the  swiftest  surface  thread  during  the  tidal 
period  on  ebb  is  2.42  knots,  and  on  flood  2.22  knots.  These  velocities 
were  obtained  by  plotting  the  results  of  the  float  observations  of  the 
^letropolitan  Sewerage  Commission,  in  the  same  manner  as  those  for 
The  Xarrows.  The  mean  of  the  ebb  and  flood  average  velocities  of  the 
swiftest  surface  thread  is  2.32  knots,  or  14  105  ft.  per  solar  hour. 

*  See  Appendix  C. 

t  Letter,  U.  S.  Coast  and  Geodetic  Survey,  August  14th,  1908. 
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The  coefficient  to  reduce  the  surface  velocities  to  cross-sectional 
velocities  was  taken  at  0.75,  the  same  as  for  The  Narrows  and  Hudson 
Eiver.  The  mean  cross-sectional  velocity,  therefore,  is  10  504  ft.  per 
solar  hour.  Multiplying  the  area  of  the  section  by  the  mean  cross- 
sectional  velocity  gives  696  500  000  cu.  ft.  as  the  mean  rate  of  flow 
thi'ough  the  section. 

The  mean  volume  flowing  on  ebb  and  flood  currents  is  4  330  000  000 
cu.  ft.-,  obtained  by  multiplying  the  rate  of  flow  through  the  section 
by  the  length  of  time,  or  6.21  solar  hours. 

On  page  715  it  is  shown  that  there  is  a  net  discharge  through  the 
East  Eiver  from  the  Sound  into  the  Upper  Bay,  and  that  it  is  about 
80  000  000  cu.  ft.  per  tidal  cycle.  This  figure  includes  the  mean  yearly 
discharge  of  land-water  run-off,  which  amounts  to  about  3  400  000  cu. 
ft.  per  tidal  cycle  of  12  lunar  hours.  From  what  has  been  stated  on 
page  708,  the  average  ebb  flow  will  be  the  mean  given  above  plus  one- 
half  of  this  net  discharge,  and  the  average  flood  volume  will  be  the 
mean  less  one-half  of  this  net  discharge,  or: 

Average  volume  of    ebb   current,  4  370  000  000  cu.  ft. 
Average  volume  of  flood  current,  4  290  000  000    "     " 

Eaut  River  off  11th  Street. — The  section  of  the  river  off  East  11th 
Street,  Manhattan,  is  2  235  ft.  wide  and  its  average  depth  below  mean 
water  level  is  36.13  ft.,  so  that  its  area  is  80  750  sq.  ft. 

The  average  velocity  of  the  swiftest  surface  thread  during  the 
tidal  period  on  ebb  is  1.91  knots,  and  on  flood  1.85  knots.  These  veloci- 
ties were  obtained  by  plotting  the  results  of  the  float  observations  of 
the  Metropolitan  Sewerage  Commission,  in  the  same  manner  as  those 
for  The  Narrows.  The  mean  of  the  ebb  and  flood  average  velocities 
of  the  swiftest  surface  thread  is  1.88  knots,  or  11  430  ft.  per  solar  hour. 

The  coefficient  to  reduce  the  surface  velocities  to  cross-sectional 
velocities  was  taken  at  0.76,  the  same  as  for  The  Narrows  and  Hudson 
River.  The  mean  cross-sectional  velocity,  therefore,  is  8  572  ft.  per 
solar  hour.  Multiplying  the  area  of  the  section  by  the  mean  cross- 
sectional  velocity  gives  692  200  000  cu.  ft.  per  solar  hour,  as  the  mean 
rate  of  flow  through  the  section. 

The  mean  volume  flowing  on  ebb  and  flood  currents  is  4  299  000  000 
cu.  ft.,  obtained  by  multiplying  the  rate  of  flow  through  the  section 
by  tlie  length  of  time,  or  6.21  solar  hours. 
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As  shown  on  pap:e  715,  the  net  discharge  toward  the  Upper  Bay 
is  about  80  000  000  cu.  ft.  per  tidal  cycle.  The  average  volumes  of 
ebb  and  flood  currents  were  obtained  in  the  same  manner  as  those  for 
the  East  River  at  Brooklyn  Bridge. 

Average  volume  of    ebb   current,  4  339  000  000  cu.  ft. 
Average  volume  of  flood  current,  4  259  000  000    "     " 

East  River  off  31st  Street. — The  section  of  the  river  off  East  31st 
Street,  Manhattan,  is  3  180  ft.  wide,  and  its  average  depth  below  mean 
water  level  is  39.07  ft.,  so  that  its  area  is  124  250  sq.  ft. 

The  average  velocity  of  the  swiftest  surface  thread  during  the 
tidal  period  on  ebb  is  1.13  knots,  and  on  flood  1.29  knots.  These  veloci- 
ties were  obtained  by  averaging  a  number  of  observations,  made  near 
this  section  by  the  IT.  S.  Coast  and  Geodetic  Survey,  of  the  surface 
velocities   at  strength.     It  wais   assumed  that   the   velocities   vary  as 

ordinates  of  a  sinusoid,  and  the  average  velocities  were  obtained  by 

2 
multiplying  the  velocities  at  strength  by  — . 

"       Tt 

The  mean  of  the  ebb  and  flood  average  velocities  of  the  swiftest 
surface  thread  is  1.21  knots,  or  7  357  ft.  per  solar  hour. 

The  coefficient  to  reduce  the  surface  velocities  to  cross-sectional 
velocities  was  taken  at  0.75,  the  same  as  for  The  Narrows,  Hudson 
River,  and  the  other  sections  on  the  East  River.  The  mean  cross- 
sectional  velocity,  therefore,  is  5  518  ft.  per  solar  hour.  Multiplying 
the  area  of  the  section  by  the  mean  cross-sectional  velocity  gives 
685  600  000  cu.  ft.  as  the  mean  rate  of  flow  through  the  section. 

The  mean  volume  flowing  on  ebb  and  flood  currents  is  4  258  000  000 
cu.  ft.  obtained  by  multiplying  the  rate  of  flow  through  the  section  by 
the  length  of  time,  or  6.21  solar  hours. 

As  shown  on  page  715,  the  net  discharge  toward  the  Upper  Bay  is 
about  80  000  000  cu.  ft.  per  tidal  cycle.  The  average  volumes  of  ebb 
and  flood  currents  were  obtained  in  the  same  manner  as  those  for  the 
East  River  at  Brooklyn  Bridge. 

Average  volume  of    ebb   current,  4  298  000  000  cu.  ft. 
Average  volume  of  flood  current,  4  218  000  000    "     " 

East  River  off  81st  Street* — The  west  channel  is  800  ft.  wide,  and 
its  average  depth  below  mean  water  level  is  39  ft.,  so  that  its  area 

♦The  data  for  this  estimate  are  from  a  letter  of  the  U.  S.  Coast  and  Geodetic  Survey 
dated  August  14th,  1908. 
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is  31  200  sq.  ft.  Similar  figures  for  the  east  channel,  a  little  southward 
from  Graham  Avenue  are  600,  26.5  and  15  900,  respectively.  In  the 
former  section  the  maximum  surface  velocity  is  4.9  knots  and  in  the 
latter  4.0  knots,  according  to  observations  made  in  1857  and  1874. 
Multiplying  these  velocities  by  0.75  to  reduce  them  to  cross-sectional 

2 

velocities  at  time  of  strentrth,  and  by  • —  to  reduce  them  to  mean  cross- 

sectional  velocities  during  each  tide,  and  by  the  area  of  the  section,  the 
following  volumes  were  obtained : 

2  756  295  600  cu.  ft.  passing  western  section. 

1146  685  915    "      "         "         eastern         " 

The  sum  of  these  two  volumes  is  3  902  981  515  cu.  ft.,  which  is  the 
mean  volume  flowing  on  ebb  and  flood  currents.  Dividing  this  figure 
into  the  average  volume  flowing  on  ebb  and  on  flood,  in  the  same 
manner  as  for  the  East  River  off  Brooklyn  Bridge,  the  following  figures 
were  obtained : 

Average  volume  of    ebb   current,  3  943  000  000  cu.  ft. 

Average  volume  of  flood  current,  3  863  000  000    "     " 

East  River  off  Old  Ferry  Point. — The  section  of  the  river  off  Old 
Ferry  Point  is  3  000  ft.  wide,  and  its  average  depth  below  mean  water 
level  is  43.88  ft.,  so  that  its  area  is  131  650  sq.  ft. 

The  average  velocity  of  the  swiftest  surface  thread  during  the 
tidal  period  on  ebb  is  0.88  knot,  and  on  flood  1.09  knots.  These  veloci- 
ties were  obtained  by  averaging  a  number  of  observations  of  the  surface 
velocities  at  strength  at  this  point,  made  by  the  U.  S.  Coast  and 
Geodetic  Survey.  Assuming  that  the  velocities  vary  as  the  ordinates 
of  a  sinusoid,  the  average  surface  velocity  at  strength  was  multiplied 

2 
by  —  to  obtain   the    average   velocity  of  the   swiftest   surface  thread. 
It 

The  mean  of  the  ebb  and  flood  average  velocities  of  the  swiftest  surface 
thread  is  0.985  knot  or  5  989  ft.  per  solar  hour. 

The  coefficient  to  reduce  the  surface  velocity  to  cross-sectional  ve- 
locity was  taken  at  0.75,  the  same  as  for  The  Narrows,  Hudson  River, 
and  the  other  sections  on  the  East  River.  The  mean  cross-sectional 
velocity,  therefore,  is  4  491  ft.  per  solar  hour.  Multiplying  the  area 
of  the  section  by  the  mean  cross-sectional  velocity  gives  591  300  000 
cu.  ft.  as  the  mean  rate  of  flow  through  the  section. 
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'I'lic  mean  volume  flowing  on  ebb  and  Hooil  currents  is  3  672  000  000 
cu.  ft.,  obtahied  by  multiplying  the  rate  of  How  through  the  section 
by  the  Icng-th  of  time,  or  G.21  solar  hours. 

As  shown  on  page  715,  the  net  discharge  toward  the  Upper  Bay  is 
about  80  000  000  cu.  ft.  jier  tidal  cycle.  The  average  volumes  of  ebb 
and  flood  currents  were  obtained  in  the  same  manner  as  those  for  the 
East  Kiver  at  Brooklyn  Bridge. 

Average  volume  of    ebb    current  (westerly),  3  712  000  000  cu.  ft. 
Average  volume  of  flood  current   (easterly),   3  032  000  000    "     " 

Keason  for  the  Volumes  of  Flow  Diminishing  from  the  Southerly  End 
to  the  Easterly  End  of  the  East  Eiver. 

The  average  volumes  of  flow  for  the  ebb  and  flood  currents  at  differ- 
ent sections  of  the  East  River,  in  cubic  feet,  are  as  follows: 

Kbb.  Flood. 

Off  Brooklyn  Bridge 4  370  000  000  4  290  000  000 

Off  East  11th  Street 4  339  000  000  4  259  000  000 

Off  East  31st  Street 4  298  000  000  4  218  000  000 

Off  East  81st  Street 3  943  000  000  3  863  000  000 

Off  Old  Ferry  Point 3  712  000  000  3  632  000  000 

It  will  be  seen  from  this  statement  that  the  volumes  of  flow  de- 
crease from  the  southerly  end  to  the  easterly  end  of  the  river.  A  reason 
for  this  decrease  was  sought,  with  the  following  result: 

On  Fig.  37  curves  are  drawn  for  each  lunar  hour,  with  distances 
as  abscissas  and  velocities  as  ordinates,  flood  velocities  being  plotted 
above,  and  ebb  velocities  below,  the  datum  lines.  Another  curve  is 
plotted  to  the  right  showing  the  average  elevation  of  the  water  in  the 
East  River  for  each  lunar  hour.  This  latter  curve  is  cross-hatched 
for  the  times  when  the  water  is  rising,  and  is  left  blank  when  falling. 

It  will  be  noted  that,  during  the  6  lunar  hours  when  the  average 
level  of  the  water  is  rising,  practically  for  the  entire  length  of  the 
river,  the  current  is  flowing  flood  (north  and  east).  In  order  that  the 
level  of  the  water  may  rise,  it  is  necessary  for  more  water  to  flow  in 
at  the  Battery  than  flows  out  at  Throgs  Neck,  in  order  to  make  up 
this  rise.  In  the  same  way,  for  the  6  lunar  hours  when  the  average 
elevation  of  the  water  is  falling,  the  current  is  ebb  (flowing  west  and 
south)  for  practically  the  entire  length  of  the  stream. 
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In  order  that  the  elevation  of  the  water  may  fall,  it  is  necessary 
that  a  greater  quantity  should  flow  out  of  the  river  at  the  Battei*y 
than  flows  in  at  Throg's  Neck, 

In  discussing  this  subject,  it  must  be  kept  clearly  in  mind  that  the 
velocities  of  the  currents  are  due  to  the  heads  produced  by  the  varying 
hydraulic  slopes,  and  that  the  rise  and  fall  of  the  water  are  due  to 
the  progress  of  the  tidal  waves  entering  the  East  River  from  each  end. 

The  advance  of  the  tidal  waves  is  retarded  by  the  shallowness  of  the 
waters  and  by  the  natural  obstructions.  The  tidal  wave  entering  the 
East  River  at  Governors  Island  is  about  3  hours,  5  min.  ahead  of  the 
wave  entering  at  Throgs  Neck.  As  these  waves  progress  through  the 
river  in  opposite  directions,  there  is  a  superposition  and  a  consequent 
interference.  This  interference  and  the  natural  obstructions  of  the 
river  have  the  effect  of  making  the  wave  vary  from  a  true  sinusoid. 

As  the  Governors  Island  wave  enters  the  river  before  the  Throgs 
Neck  wave,  greater  quantities  of  water  have  to  flow  past  points  on 
the  lower  reaches  of  the  river  than  points  farther  up  (northerly  and 
easterly)  so  as  to  provide  for  the  tidal  prism,  for,  if  not,  there  would 
be  some  point  in  the  river  (near  its  mid-length)  where  the  water  would 
not  rise  or  fall. 

Kill  van  Kull. 

Kill  van  Kull  off  Port  Richmond. — The  section  of  the  river  off  Port 
Richmond  is  1  380  ft.  wide,  and  its  average  depth  below  mean  water 
level  is  28.30  ft.,  so  that  its  area  is  39  060  sq.  ft. 

The  average  velocity  of  the  swiftest  surface  thread  during  the 
tidal  period  on  ebb  is  1.48  knots,  and  on  flood  1.24  knots.  These 
velocities  were  obtained  by  plotting  the  results  from  the  float  observa- 
tions of  the  Metropolitan  Sewerage  Commission,  in  the  same  manner 
as  those  for  The  Narrows.  The  mean  of  the  ebb  and  flood  average 
velocities  of  the  swiftest  surface  thread  is  1.36  knots,  or  8  269  ft.  per 
solar  hour. 

The  coefficient  to  reduce  the  surface  velocity  to  cross-sectional 
velocity  was  taken  at  0.75,  the  same  as  for  The  Narrows,  Hudson 
Rivei",  and  East  River,  The  mean  cross-sectional  velocity,  therefore,  is, 
6  202  ft.  per  solar  hour.  Multiplying  the  area  of  the  section  by  the 
mean  cross-sectional  velocity  gives  242  200  000  cu.  ft.,  as  the  mean 
rate  of  flow  through  the  section. 
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HARLEM   RIVER. 

DIAGRAM   SHOWING  WHY  THE  VOLUMES  OF  FLOW  DIMINISH 
FROM  THE  NORTHERLY  END  TO  THE  SOUTHERLY  END. 
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The  mean  volume  flowing  on  ebb  and  flood  currents  is  1  502  000  000 
cu.  ft.,  obtained  by  multiplying  the  rate  of  flow  through  the  section 
by  the  length  of  time,  or  6.21  solar  hours. 

The  mean  yearly  discharge  of  land-water  run-off  through  Kill  van 
Kull  for  6  lunar  hours  is  44  100  000  cu.  ft.,  or  88  200  000  cu.  ft.  per 
tidal  cycle  of  12  lunar  hours.  These  figures  are  from  the  records  of 
the  U.  S.  Coast  and  Geodetic  Survey  and  the  New  York  State  Engineer 
and  Surveyor.     See  Table  4. 

From  what  has  been  stated  on  page  708,  the  average  ebb  volume 
will  be  the  mean  given  above  plus  one-half  of  this  net  discharge,  and 
the  average  flood  volume  will  be  the  mean  less  one-half  of  this  net 
discharge,  or: 

Average  volume  of  ebb  current,  1  546  100  000  cu.  ft. 
Average  volume  of  flood  current,  1  457  900  000    "      " 

Kill  van  Kull  Between  Constable  Point  and  New  Brighton.* — The 
section  is  1  425  ft.  wide,  and  its  average  depth  below  mean  water  level 
is  26  ft.,  so  that  its  area  is  38  475  sq.  ft.  The  maximum  surface 
velocity  for  this  section  is  2.3  knots  at  time  of  strength,  according  to 
observations  made  in  1856  and  in  1885.  Multiplying  these  velocities  by 
0.75  to  reduce  them  to  cross-sectional  velocities  at  time  of  strength,  and 

2 

by  —  to  reduce  them  to   mean    cross-sectional   velocities   during?   each 

tide,  and  by  the  area  of  the  section,  the  mean  volume  flowing  through 
the  section  was   obtained,  namely,   1  595  475  341   cu.   ft. 

As  a  check  on  this  figure,  the  U.  S.  Coast  and  Geodetic  Survey* 
made  the  following  calculation:  The  area  of  the  waters  above  this 
section,  including  most  of  Kill  van  Kull,  Newark  Bay,  the  Passaic 
River  as  far  as  the  Falls,  and  the  Hackensack  Eiver  and  branches,  is 
15.3  sq.  statute  miles,  or  426  539  520  sq.  ft.  The  level  of  Newark 
Bay  and  near-by  branches  rises  and  falls  about  4.5  ft.  The  tidal 
volume,  therefore,  is  426  539  520  X  4.5  =  1  919  427  840  cu.  ft. 

A  few  observations  in  the  Arthur  Kill  off  Elizabethport,  just  above 
the  mouth  of  the  Elizabeth  River,  in  1856  and  1885,  indicate  a  maxi- 
mum surface  velocity  of  l.S  knots,  or  -^  of  the  value  observed  in  the 

Z.J 


*  These  calculations  are  from  a  letter  of  the  U.  S.  Coast  and  Geodetic  Survev,  dated 
August  14th,  1908. 
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Kill  v;.n   Kull.     'I'he  section  of  tlie  Arthur  Kill  is  about  GOO  X  16  = 

'.)  HOG  S(i.  ft.,  wliich  would  he  e(iuivaknit  to  — ^  of  It  (•00,  or  7  513  sq.  ft., 

if  the  velocity  were  2.3  knots,  instead  of  1.8  knots.  Hence,  the  propor- 
tion of  the  volume  flowing  through  the  mouth  of  the  Kill  van  Kull 
would  bo 

0.8366313.* 


38  475       +       7  513 
This    proportion,    0.8366313,    multiplied    by    1919  427  840,    gives 
1  605  853  409  cu.  ft.  for  the  mean  volume  entering  and  leaving  Kill  van 
Kull.     This  agrees  well  with  the  results  from  the  determination  first 
given. 

Averaging  the  two  figures  given  by  the  U.  S.  Coast  and  Geodetic 
Survey  for  the  flow  of  water  through  Kill  van  Kull  between  Constable 
Point  and  New  Brighton,  1  600  000  000  cu.  ft.  is  obtained  as  the  mean 
volume  flowing  on  ebb  and  flood  currents.  This  figure  was  divided 
into  volumes  flowing  on  ebb  current  and  flood  current  in  the  same  man- 
ner as  for  Kill  van  Kull  off  Port  Richmond,  using  88  200  000  cu.  ft. 
per  tidal  cycle  for  the  mean  yearly  discharge  of  land-water  run-off. 
Average  volume  of  ebb  current,  1  644  100  000  cu.  ft. 
Average  volume  of  flood  current,  1  555  900  000    "      " 

The  tidal  prism  (or  the  area  multiplied  by  the  mean  range  of  tide) 
between  the  section  off  Port  Richmond  and  the  section  from  Constable 
Point  to  Xew  Brighton  is  about  100  000  000  cu.  ft. 

The  mean  volume  flowing  through  the  section  off  Port  Richmond 
would  be  less  than  the  quantity  flowing  past  the  section  at  Constable 
Point  by  the  tidal  prism  between  these  two  places,  as  that  much  water 
would  be  used  in  increasing  the  level  of  the  water.  Subtracting  the 
tidal  prism  from  the  flow  through  the  section,  1 600  000  000  — 
100  000  000  =  1  500  000  000  cu.  ft.  This  figure  agrees  well  with  the 
mean  volume  flowing  on  ebb  and  flood  currents,  1  502  000  000,  as  calcu- 
lated for  Kill  van  Kull,  off  Port  Richmond,  as  stated  on  page  722. 

Harlem  River. 
Harlem  River  off  IJfJfth  Street. — The  section  of  the  river  off  West 
144th  Street,  Manhattan,  is  460  ft.  wide  and  its  average  depth  below 
mean  water  level  is  15.67  ft.,  so  that  its  area  is  7  210  sq.  ft. 

*  The  proportion  flowing  through  the  Arthur  Kill  would  be  0.16.33687. 
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The  average  velocity  of  the  swiftest  surface  thread  during  the  tidal 
period  on  ebb  is  0.71  knot,  and  on  flood  0.69  knot.  '  These  velocities 
were  obtained  by  plotting  the  results  of  the  float  observations  of  the 
Metropolitan  Sewerage  Commission,  in  the  same  manner  as  those  for 
The  Narrows.  The  mean  of  the  ebb  and  flood  average  velocities  of  the 
swiftest  surface  thread  is  0.70  knot,  or  4  256  ft.  per  solar  hour. 

The  coefficient  to  reduce  the  surface  velocities  to  cross-sectional 
velocities  was  taken  at  0.75,  the  same  as  for  The  Narrows,  Hudson 
River,  East  River,  and  Kill  van  Kull.  The  mean  cross-sectional 
velocity,  therefore,  is  3  192  ft.  per  solar  hour.  Multiplying  the  area 
of  the  section  by  the  mean  cross-sectional  velocity  gives  23  010  000 
cu.  ft.  as  the  mean  rate  of  flow  through  the  section. 

The  mean  volume  flowing  on  ebb  and  flood  currents  is  142  900  000 
cu.  ft.,  obtained  by  multiplying  the  rate  of  flow  through  the  section 
by  the  length  of  time,  or  6.21  solar  hours. 

At  144th  Street  the  average  water  level  during  ebb  (northerly)  cur- 
rent is  0.98  ft.  above  mean  water  level,  and  during  flood  (southerly) 
current  is  0.98  ft.  below  mean  water  level.  The  average  area  of  cross- 
section  during  ebb  current,  therefore,  is  the  mean  area  of  the  section 
plus  the  width  multiplied  by  0.98,  or  7  660  sq.  ft. ;  and  the  average  area 
of  cross-section  during  flood  current  is  the  mean  area  of  the  section 
minus  the  width  multiplied  by  0.98,  or  6  760  sq.  ft.  The  mean  volume 
flowing  on  ebb  and  flood  was  divided  in  proportion  to  the  average  area 
of  cross-sections  on  the  ebb  current  and  on  the  flood  current. 

Average   volume  of    ebb    current,  151  800  000  cu.  ft. 
Average  volume  of  flood  current,  134  000  000    "     " 

Harlem  Eiver  600  Feet  North  of  High  Bridge. — The  section  of  the 
river  600  ft.  north  of  High  Bridge  is  410  ft.  wide,  and  its  average 
depth  below  mean  water  level  is  11.71  ft.,  so  that  its  area  is  4  800  sq.  ft. 

The  average  velocity  of  the  swiftest  surface  thread  during  the  tidal 
period  on  ebb  is  1.30  knots,  and  on  flood  1.22  knots.  These  velocities 
were  obtained  by  plotting  the  results  of  the  float  observations  of  the 
Metropolitan  Sewerage  Corn-mission,  in  the  same  manner  as  those  for 
The  Narrows.  The  mean  of  the  ebb.  and  flood  average  velocities  of 
the  swiftest  surface  thread  is  1.26  knots,  or  7  661  ft.  per  solar  hour. 

The  coefficient  to  reduce  the  surface  velocities  to  cross-sectional 
velocities  was  taken   at  0.75,  the  same  as  for  The  Narrows,  Hudson 
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River,  East  River,  and  Kill  van  Kull.  The  mean  cross-sectional 
velocity,  tlierefore,  is  5  746  ft.  per  solar  hour.  Multiplying  the  area 
of  the  section  by  the  mean  cross-sectional  velocity  gives  27  580  000 
cu.  ft.  as  the  mean  rate  of  tlow  through  the  section. 

The  mean  volume  flowing  on  ebb  and  flood  currents  is  171  200  000 
cu.  ft.,  obtained  by  multiplying  the  rate  of  flow  through  the  section  by 
the  length  of  time,  or  6.21  solar  hours. 

At  this  section  the  average  water  level  during  ebb  (northerly)  cur- 
rent is  0.58  ft.  above  mean  water  level,  and  during  flood  (southerly) 
current  is  0.58  ft.  below  mean  water  level.  The  average  area  of  cross- 
section  during  ebb  current,  therefore,  is  the  mean  area  of  the  section 
plus  the  width  multiplied  by  0.58,  or  5  040  sq.  ft. ;  and  the  average 
area  of  cross-section  during  flood  current  is  the  mean  area  of  the 
section  minus  the  width  multiplied  by  0.58,  or  4  560  sq.  ft.  The  mean 
volume  flowing  on  flood  and  ebb  was  divided  in  proportion  to  the 
average  area  of  cross-sections  on  the  ebb  current  and  on  the  flood 
current. 

Average  volume  of    ebb    current,  179  800  000  cu.  ft. 
Average  volume  of  flood  current,  162  600  000    "     " 

Reason  for  the  Volumes  of  Flow  Diminishing  from  the  Northerly 
End  to  the  Southerly  End  of  the  Harlem  River. 

Although  it  was  not  possible  to  calculate  accurately  the  flow  of 
water  in  the  Harlem  River  at  places  other  than  144th  Street  and  600  ft. 
north  of  High  Bridge,  because  enough  float  observations  were  not  made 
at  other  points,  it  is  apparent  that  the  quantity  of  water  flowing  past 
any  section  decreases  from  the  northerly  to  the  southerly  end. 

The  float  observations  by  the  Metropolitan  Sewerage  Commission 
near  Wards  Island,  in  the  Harlem  River,  show  small  velocities  and  a 
tendency  of  the  floats  to  eddy  and  drift  toward  the  shore. 

The  few  float  observations  in  the  Harlem  River  near  Spuyten 
Duyvil  show  velocities  considerably  greater  than  those  at  the  southerly 
end. 

Fig.  38  was  made  to  show  why  the  volumes  of  flow  diminish  from 
the  northerly  to  the  southerly  end.  This  diagram  is  similar  in  con- 
struction to  Fig.  37  for  the  East  River.  The  distance  from  Spuyten 
Duyvil  to  Wards  Island  is  laid  off  for  the  lunar  hours  as  abscissas  and 
the  velocities  as  ordinates.     The  flood  velocities,  or  those  flowing  south, 
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are  laid  off  to  scale  below  the  datum  lines,  and  the  ebb  velocities,  or 
those  flowing  north,  are  laid  off  to  scale  above  the  datum  lines. 

A  curve  is  drawn  at  the  left  to  show  the  average  elevation  of  the 
water  in  the  Harlem  River  at  each  lunar  hour.  This  curve  is  cross- 
hatched  for  the  times  when  the  water  is  rising,  and  is  left  blank  when 
falling. 

It  will  be  noted  that,  during  the  6  lunar  hours  when  the  average 
level  of  the  water  is  rising,  the  current  is  flowing  flood  for  the  entire 
length  of  the  river.  In  order  that  the  level  of  the  water  may  rise,  it 
is  necessary  that  a  greater  quantity  should  flow  in  through  Spuyten 
Duyvil  than  flows  out  at  Wards  Island,  to  make  up  this  increase  of 
elevation. 

In  the  same  way,  for  the  6  lunar  hours  during  which  the  average 
level  of  the  water  is  falling,  the  current  is  flowing  ebb  for  the  entire 
length  of  the  river.  In  order  that  the  level  of  the  water  may  fall, 
it  is  necessary  that  more  water  flow  out  through  Spuyten  Duyvil  than 
flows  in  at  Wards  Island.  If  the  same  quantities  should  pass  Wards 
Island  and  Spuyten  Duyvil  during  these  6  Ivmar  hours,  the  average 
elevation  of  the  water  in  the  river  would  not  fall,  but  would  remain 
practically  constant.  The  converse  is  also  true.  This  is  the  reason 
that  the  volumes  of  flow  diminish  from  the  northerly  to  the  southerly 
end  of  the  Harlem  River. 

Resultant  Flows. 

The  volumes  flowing  on  ebb  currents  exceed  those  flowing  on  flood 
currents,  so  that  there  is  a  resultant  flow  during  each  tidal  period 
through  the  harbor  toward  the  sea. 

In  the  rivers  discharging  into  the  harbor,  the  mean  resultant  flow 
equals  the  mean  fresh-water  run-off  from  the  water-sheds  above.  When 
the  ranges  (rise  and  fall)  of  two  successive  tides  are  equal,  a  quantity 
equal  to  the  fresh-water  run-off  must  flow  ovit  and  not  return,  so  as 
to  keep  the  elevation  of  the  water  the  same  on  the  next  tide.  As  the 
ranges  change  from  tide  to  tide,  this  will  not  be  true  in  each  individual 
instance,  but  will  be  true  imder  mean  conditions. 

The  following  resultant  flows  are  true  only  for  mean  conditions; 
this  is,  when  the  range  of  tide  is  normal  and  the  mean  quantity  of 
land-water  run-off  is  flowing.  They  are  the  difference  between  the 
flood  and  ebb  discharges,  as  shown  in  the  preceding  paragraphs. 
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EAST  RIVER. 

DIAGRAM   SHOWING  WHY  THE  VOLUMES  OF  FLOW   DIMINISH 
FROM  THE  SOUTHERLY  END  TO  THE  EASTERLY  END. 


j  Flood  Velocities 

1  flowing  Nortli  and  East, 


?:bb  Velocities 
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Horizontal 
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Fig.  38. 
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The  Narrows. — The  resultant  flow  through  The  Narrows  is  made 
up  of  the  resultant  flows  of  the  Hudson  River,  the  East  River,  and  the 
Kill  van  Kull.    It  amounts  to  1  262  400  000  cu.  ft.  per  tidal  cycle. 

Hudson  River. — The  resultant  flow  in  the  Hudson  River  is  the  fresh- 
water run-off  from  the  water-sheds  above,  namely,  1  087  20O  000  cu.  ft. 
per  tidal  cycle. 

East  River. — The  resultant  flow  in  the  East  River  is  small,  and  is 
caused  probably  by  the  average  cross-sectional  area  being  slightly 
greater  when  the  water  is  flowing  ebb  (south)  than  when  it  is  flowing 
flood  (north).  As  shown  on  page  715,  the  resultant  flow  (south) 
amounts  to  about  80  000  000  cu.  ft,  per  tidal  cycle. 

The  Kill  van  Kull. — The  resultant  flow  in  the  Kill  van  Kull  is 
made  up  of  its  proportionate  share  of  the  fresh-water  run-off  of  the 
rivers  tributary  to  Newark  Bay.  By  proportionate  share  is  meant 
83.66313%  of  the  total.     The  other  16.33687%  flows  out  through  the 

TABLE  7. — Estimates  of  Tidal 
Volumes  of  Ebb  and  Flood  Currents, 


No. 

Elements  of  Problem. 

The  Narrows 

between   Forts 

Wadsworth  and 

Ilarailtou. 

Hudson  River 

off  W.  39th  St., 

Manhattan. 

iti   it 

P3 

(1) 
(3) 
(3) 
(4) 

5  280 
61.0 
322  000 

1.34 

1.17 

1.255 

7  631.0 
0.75 

5  7S3 

1  837 
6.21 

11  410 

591.2) 

'-631.2 
40.0  \ 

12  041.2 

10  778.8 

1  262.4 

3  900 
37.44 
146  000 

1.86 

1.26 

1.56 

9  485 
0.75 

7  113 

1  038 
6.21 

6  447 

543.6 

6  990.6 
5  903.4 

1  087.2 

1  500 

Average  depth  below  M.  W.  Level,  in  feet 

44.20 
66  300 

.Weratre,  velocity  of  s.\iftest  surface  thread: 

2  42 

(5) 

Average,  velocity  of  swiftest  surface  thread: 

2.2-2 

(6) 

Average,  velocity  of  swiftest  surface  thread: 

3.32 

(7) 

Average,  velocity  of  swiftest  surface  thread: 

14  105 

(8) 
^9) 

Coef.,  to  reduce  (7)  to  cross-sectional  velocity. 
.Mean  cross-sectional  velocity,  in  feet  per  solar 

0.75 
10  504 

(10) 

(11) 

(12) 

(13) 

:\lean  rate  of  flow  through  section,  in  millions 
of  cubic  feet  per  solar  hour  (3)  X  (9) 

Number  of  solar  hours  in  6  lunar  hours 

Mean  volume  flowing  on  ebb  and  flood  cur- 
rents, in  millions  of  cubic  feet  (10)  x  (11) . . . 

Mean  yearly  discharge  of  land-"ater  runoff 
per  6  lunar  hours,  in  millions  of  cubic  feet.. . 

Resultant  from   East  River,  80  million  cubic 
feet      

696.5 
6.21 

4  330 

80 

(14) 
(15) 
(16) 

Average  volume  flowing  through  section,  in 
millions  of  cubic  feet  per  tide  : 
On  ebb 

4  370 

On  flood 

4  290 

Resultant  flow,   excess  of  ebb  over  flood,  in 
millions  of  cubic  feet  (14)  —  (15) 

80 
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Arthur  Kill  (page  722).  The  resultant  flow  through  the  Kill  van 
Kull  amounts  to  88  200  000  cu.  ft.  per  tidal  cycle. 

Harlem  River. — The  resultant  flow  in  the  Harlem  River  is  probably 
due  to  the  greater  average  cross-sectional  area  which  obtains  on  the 
ebb  (northerly  flow)  than  when  the  flow  is  in  the  reverse  direction. 
Calculations  gave  17  800  000  cu.  ft.  off  144th  Street,  and  17  200  000 
cu.  ft.  at  a  section  600  ft.  north  of  High  Bridge.  The  mean  resultant 
flow  throughout  the  length  of  the  river  is  about  17  400  000  cu.  ft.  per 
tidal  cycle. 

Under  conditions  of  maximum  net  outflow  toward  the  sea,  the  re- 
sultant flow  is  a  little  more  than  twice  that  under  normal  conditions. 
Under  conditions  of  minimum  net  outflow,  the  resultant  flow  is  about 
one-half  of  that  under  normal  conditions. 

In  Table  7  are  given  the  various  steps  by  which  the  ebb  and  flood 
discharges,  and  the  resultant  flows,  were  calculated.     This  table  is  a 

Discharges,  in  Cubic  Feet. 
Harbor  of  New  York. 


°  JO 

^K>  a 

its  0 
>  >> 

O 

The  Kill  van  Kull 

between  Constnbie 

Pt.  and  New 

Brighton. 

c 

fell's 
nSw) 

2  235 

3  180 

3000 

1380 

1425 

460 

410 

36.13 

39.07 

43.88 

28.30 

26 

15.67 

11.71 

80  750 

124  250 

>s 

131  650 

39  060 

38  475 

7  210 

4  800 

1.91 

1.13 

u 

0.88 

1.48 

0.71 

1.30 

1.85 

1.29 

^2 

1.09 

1.24 

3« 

0.69 

1.22 

1.88 

l.Sl 

■    "SS 

0.985 

1.36 

0.70 

1.26 

11  430 

7  357 

^^ 

5  989 

8  269 

rh  be    . 

4256 

7  661 

0.75 

0.75 

^=5 

0.75 

0.75 

0    S 

0.75 

0.75 

8  572 

5  518 

.  11 

4  491 

6  202 

o  _ 

3  192 

5  746 

092.2 

685.6 

591.3 

242.2 

^^ 

23.01 

27.58  ' 

6.21 

6.21 

6.21 

6.21 

6.21 

6.21  : 

4299 

4  258 

8908 

3  672 

1502 

1600 

142.9 

171.2 

44.1 

44.1 

Dividing  (12)  pro 
rata  to  average 

80 

80 

80 

80 

areas  during 
currents 

gives  (14)  and  (15). 

4  339 

4  298 

3  943 

3  712 

1546.1 

1644.1 

151.8 

179.8 

4  259 

4  218 

3  863 

3  6.S2 

1  457.9 

1555.9 

134.0 

162.6 

80 

80 

80 

80 

88.2 

88.2 

17.8 

1 

17.2 
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summary   of   the  matter   contained   under   the  heading,   "Volumes   of 
Tidal  Discharges,"  pages  YIO  to  723. 

It  is  self-evident  that,  under  the  conditions  which  obtain  for  the 
East  and  Harlem  Rivers,  especially  the  former,  there  may  be  great 
variations  from  day  to  day  in  the  resultant  flow  as  given  in  the  pre- 
ceding paragraphs.  It  is  possible  that  in  the  East  River  the  resultant 
flow  on  some  days  may  be  many  times  greater  than  that  stated  for  the 
normal,  and  on  other  days  it  is  i)ossible  that  it  is  in  the  opposite  direc- 
tion, or  northerly  and  easterly.  These  variations  are  brought  about 
by  various  causes,  the  principal  one  being  the  wind  inducing  abnormal 
tides  in  the  Upper  Bay  and  in  Long  Island  Sound. 

Volumes  of  Tidal  Flow  Into  and  Out  of  the  Upper  Bay. 

Taking  the  Upper  Bay  as  a  central  basin,  the  entrances  and  exits 
are  the  East  River,  Hudson  River,  Kill  van  Kull,  and  The  Narrows. 
Into  the  Upper  Bay  there  is  a  discharge  of  water  from  the  Hudson 
and  a  proportion  of  the  discharge  of  the  Hackensack  and  Passaic 
Rivers,  as  well  as  the  resultant  flow  from  the  Sound  through  the  East 
River.  This  resultant  flow  through  the  East  River  toward  the  Upper 
Bay  may  or  may  not  be  great,  but,  under  normal  conditions,  there  is 
a  small  resultant  discharge  into  the  Bay.  In  consequence,  there  is  a 
net  flow  of  water  seaward  through  The  Narrows,  and  the  effect  of  this 
seaward  flow  is  felt  possibly  some  60  miles  off  Sandy  Hook.* 

While  the  water  is  flowing  into  and  out  of  the  Upper  Bay  during 
a  full  tidal  cycle,  the  volume  of  water  in  the  Upper  Bay  is  changing, 
as  is  shown  by  the  rise  and  fall  of  its  water  surface.  In  order  to  cre- 
ate this  rise,  more  water  must  flow  into  the  Upper  Bay  during  approxi- 
mately 6  lunar  hours  than  runs  out  during  the  same  hours.  The  con- 
verse also  is  true.  As  the  water  surface  of  the  Upper  Bay  is  nearly 
21  sq.  miles,  and  the  mean  range  of  tide  is  4.4  ft.,  the  tidal  prism  and 
also  the  volume  of  tidal  change  between  any  two  periods  of  time  can 
be  estimated. 

The  rates  or  volumes  of  flow,  in  millions  of  cubic  feet  per  lunar 
hour,  are  shown  graphically  in  Fig.  8.  To  determine  the  volumes  of 
flow  through  any  one  of  the  entrances  to  the  Upper  Bay  at  any  given 
lunar  hour,  measure  the  ordinate  to  the  proper  curve  in  accordance 


*  U.  S.  Coast  and  Geodetic  Survey,  Vol.  VII,  1859-60,  Appendix  26. 
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with  the  scale  marked  at  the  side  of  the  figure,  'i'hese  rates  of  flow 
are  those  under  mean  conditions,  and  are  sufficiently  accurate  for  all 
practical  purposes. 

Fig.  8  was  constructed  by  estimating  that  the  rates  of  flow  vary  as 
the  ordinates  of  a  curve  of  sines.  Therefore,  for  each  tidal  flow,  a 
sine  curve  was  drawn  to  scale,  so  that  its  length  would  represent  the 
number  of  lunar  hours  that  tlie  current  would  flow  on  either  ebb  or 
flood;  and  its  area,  between  the  curve  and  the  base  line,  would  repre- 
sent the  volumes  of  flow  transmitted,  as  estimated  under  the  heading, 
''Volumes  of  Tidal  Discharges,"  page  710.  Dividing  any  volume 
of  tidal  discharge  by  six  will  give  the  average  flow  for  one  lunar  hour. 
^Multiplying  this  result  by  tt  -=-  2,  which  is  the  ratio  that  the  maxi- 
mum ordinate  of  a  sine  curve  bears  to  its  average  ordinate,  will  give 
the  maxinuuu  flow  for  the  current  selected.  This  point  was  plotted 
to  scale,  and  a  sine  curve  was  drawn  through  it.  This  work  was  re- 
peated for  each  branch  of  the  harbor. 

In  drawing  the  curves  on  Fig.  8  the  lunar  times  were  advanced  by 
the  number  of  minutes  that  the  tidal  waves  required  to  progress  from 
the  Upper  Bay  to  the  sections  selected  for  estimating  the  volumes  of 
flow. 

The  rates  of  flow,  in  millions  of  cubic  feet  per  lunar  hour,  were 
calculated,  and  the  results  are  given  in  Table  9  for  each  branch  of  the 
harbor.  The  results  for  each  lunar  hour  were  obtained  by  multiplying 
the  maximum  flow  for  the  current  selected,  as  determined  previously, 
by  the  cosine  of  the  angle,  which  represents  in  degrees  the  difference 
between  the  lunar  time  of  maximum  strength  and  the  lunar  time  for 
which  the  calculation  was  made. 

By  way  of  illustration,  the  calculation  for  the  first  lunar  hour  is 
given  in  Table  8. 

The  figures  in  Table  9  are  the  calculated  rates  of  flow  at  each 
luiun-  hour.  The  rates  of  flow  are  not  the  volumes  flowing  throughout 
a  full  lunar  hour,  although  they  approximate  to  the  latter.  In  conse- 
quence, the  cohimns  add  up  only  approximately  to  the  ebb  and  flood 
discharges,  as  given  in  the  preceding  paragraphs. 

The  quantity  of  water  flowing  in  at  any  lunar  hour  should  equal 
that  flowing  out,  when  allowance  is  made  for  the  tidal  prism  in 
the  Upper  Bay.  The  accuracy  of  the  work  is  shown  by  taking 
the  algebraic  sum   of  the  ordinates  in  Fig.  8,  which  should  be  zero, 


732 


TIDAL  PHENOMENA  IN  NEW  YORK  HARBOR 


[Papers. 


or  by  adding  the  horizontal  lines  at  each  lunar  hour  in  Table  9,  which 
should  give  equal  quantities  of  water  flowing  into  and  out  of  the  Upper 
Bay.  The  error  is  small,  considering  the  assumptions  made,  in  view 
of  the  lack  of  actual  current  observations  extending  over  long  periods 
of  time. 

TABLE  8.— For  Lunar  Hour  I. 
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In  Column  8  the  minus  sign  indicates  that  the  water  is  flowing  out  of,  and  the  plus 
sign  that  it  is  flowing  into,  the  Upper  Bay. 


TABLE  9. — Eates  of  Flow,  in  Millions  of  Cubic  Feet 
PER  Lunar  Hour. 
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Division   of   Sea-  and  Land-Watku. 

The  salinity  of  the  water  in  different  parts  of  the  harbor  was 
observed  by  the  Metropolitan  Sewerage  Commission  from  September, 
1908,  until  December,  1909,  inclusive.  Eleven  observation  stations  were 
established,  as  shown  in  Fig.  1.  At  each  station  observers  were  trained 
during  the  last  months  of  1908,  and  a  complete  record  was  made  for 
every  day  of  the  year,  1909.  Samples  of  water  were  taken  each  day  at 
three  different  times,  usually  at  8.00  a.  m., '12.00  Noon,  and  4.00  p.  m. 

The  term  "land-water,"'  as  used  in  this  investigation,  represents 
any  water  between  fresh-water  and  water  containing  approximately 
300  parts  of  chlorine  per  1 000  000  parts.  Between  these  limits  the 
observers  would  record  the  water  as  being  100%  of  land-water.  The 
standard  for  "sea-water"  was  a  water  containing  a  salinity  of  18  000 
parts  of  chlorine  per  1  000  000  parts,  assuming  that  the  chlorides  repre- 
sent 88.6%  of  the  total  specific  gravity  of  sea-water.  Under  this  con- 
dition, the  salinometer  reading  would  be  1.025  when  corrected  to  a 
standard  temperature  of  60°  Fahr. 

The  instruments  were  all  calibrated,  and,  as  a  further  check,  their 
readings  were  compared  with  results  obtained  by  chemical  analyses. 
The  indicated  chlorine  and  the  actual  chlorine,  as  found  by  analysis, 
agreed  verj'  closely.* 

The  quantity  of  land-water  discharged  into  the  harbor  varies  accord- 
ing to  the  season,  being  greatest  during  April  and  least  during  August. 
When  the  discharge  of  land-water  is  at  a  maximum,  the  salt-water  of 
the  sea  is  driven  down  the  Hudson,  so  that  the  river  at  Tarrytown 
is  practically  fresh.  When  the  discharge  of  land-water  is  at  a  minimum, 
the  salt-water  works  its  way  up  the  Hudson  as  far  as  Pouglikeepsie. 

If  no  land-water  entered  the  harbor,  the  water  therein  would  be 
as  salty  as  that  of  the  sea.  As  the  record  shows  that  the  harbor  water 
is  salty,  but  less  salty  than  sea-water,  it  is  evident  that  the  former 
is  a  mixture  of  sea-water  and  land-water.  It  was  considered 
that  these  salinometer  records  could  be  used  in  finding  the  proportions 
of  sea-  and  land-water  in  the  harbor  waters,  and  a  study  was  made  of 
them  for  this  purpose. 

About  13  000  observations  for  salinity  were  made  in  the  harbor 
during  1909.  Additional  observations  were  made  at  different  depths 
♦Report,  Metropolitan  Sewerage  Commission,  April  30th.  1930,  p.  .519. 
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below  the  surface.  These  indicated  that,  usually,  the  water  was  slightly 
more  salty  as  the  depth  from  the  surface  increased,  that  the  dif- 
ference was  small,  and  that  the  difference  in  salinity  at  the  surface 
and  at  various  depths  depended  on  the  currents  at  the  place  of  observa- 
tion. If  the  currents  were  irregular  in  character,  the  difference  in 
salinity  was  very  small. 

These  observations  were  tabulated.  The  monthly  averages  of  land- 
water  are  given  in  Table  10  for  the  different  stations.  In  this  table, 
the  figures  in  the  columns  headed  "All"  are  the  averages  of  all  the 
observations  taken  during  a  month.  The  figures  in  the  column  headed 
"Out"  and  "In"  are  the  averages  of  all  the  observations  taken  during 
inflowing  or  outflowing  currents.  Some  observations  were  taken  when 
the  direction  of  the  current  was  doubtful,  as  at  slack  water,  and  these 
are  not  included  under  either  "In"  or  "Out,"  but  under  "All." 

A  study  was  made  of  the  records  of  the  Weather  Bureau,  U.  S. 
Department  of  Agriculture,  so  as  to  compare  the  rainfall  of  1909  with 
the  normal.  The  monthly  and  yearly  precipitation  at  Albany,  Carmel, 
Wappinger  Falls,  West  Point,  and  New  York,  were  averaged.  The 
results  of  these  averages  are  given  in  the  last  line  of  Table  10,  and 
show  the  percentage  of  precipitation  above  or  below  the  normal  for 
each  month  of  1909. 

The  volumes  of  water  flowing  on  ebb  and  flood  currents,  for  different 
parts  of  the  harbor,  are  stated  under  the  heading,  "Volumes  of  Tidal 
Discharges."  From  these  data  the  volumes  flowing  at  intermediate 
places  were  estimated  (see  Appendix  B).  These  volumes  are  given  in 
Table  11. 

Additional  information  regarding  specific  gravities  and  tempera- 
tures of  the  water  is  given  in  Appendix  D,  as  recorded  by  the  salinity 
observations  made  by  the  Metropolitan  Sewerage  Commission. 

The  Upper  Bay  and  Hudson  River. — A  longitudinal  section  was 
taken  from  The  Narrows,  through  the  Upper  Bay  and  Hudson  River 
as  far  as  Tarrytown,  the  distance  between  the  places  being  laid  off  as 
abscissas  in  Fig.  39.  At  the  places  named,  the  mean  tidal  flows  of  ebb 
tide,  in  cubic  feet,  were  laid  off  as  ordinates,  and  a  smooth  curve  was 
drawn  through  these  points. 

This  mean  quantity  of  water  flowing  on  ebb  tide  was  then  divided 
into  land-  and  sea-water,  using  the  salinometer  percentages  given  in 
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Table  10,  and  a  smooth  curve  was  drawn  through  these  points,  allow- 
ance being  made  if  the  precipitation  was  above  or  below  the  annual 
normal.  This  gave  the  middle  line  in  the  diagram,  dividing  land- 
water  from  sea-water, 

TABLE  11. — Volumes  Flowing  on  Ebb  and  Flood  Currents,  Harbor 
OF  New  York,  in  Millions  of  Cubic  Feet. 


Part  of  Harbor. 


Yearly  Means. 


Ebb. 


The  Narrows 

Hudson  River,  off  The  Battery 

"    39th  Street 

"■  "       "    Fort  Washington  Point.. 

"  "        "■    Tarrytown 

East  River,  off  Brooklyn  Bridge 

"         "        "  East  nth  Street,  Manhattan 
"        "         "       "    31st  Street, 
"      "     81st  Street, 

"         "         "   Old  Ferry  Point 

Newark  Bay 


Flood. 


10  779 
6  343 
5  903 
5  148 

2  893 
4  290 
4  259 
4  218 

3  863 
3  632 
1866 


UPPER  BAY  AND   HUDSON    RIVER. 

DIVISION   OF  SEA-   AND    LAND-WATER, 
WHEN  AVERAGE   LAND-WATER   IS  FLOWING, 

FROM  SALINOMtTER  RECORDS  MADE  BY  THE  METROPOLITAN  SEWERAGE  COMMISSION,. 


EBB  CURRENT 


■S  6  000  000000 


Fig.  39. 
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The  land-water  was  then  divided  into  "hind-water  which  will  return" 
and  "land-water  which  will  not  return."  This  was  done  by  plotting 
to  scale  at  the  different  places  the  mean  discharge  of  land-water  for 
12  lunar  hours  above  the  middle  line.  The  remainder  of  the  land-water 
is  "land-water  which  will  return."  The  discharge  of  land-water  is 
the  same  as  that  given  in  Table  5.  The  land-water  is  held  back  by  flood 
tide,  so  that  the  discharge  for  12  hours  has  to  pass  out  during  ebb 
tide.  The  principle  on  which  this  division  was  made  is,  that  if  the 
density  of  the  water  in  two  successive  ebb  tides  is  to  Remain  constant, 
the  same  quantity  of  land-water  must  flow  out  and  not  return  on  each 
ebb  tide. 

The  sea-water  was  divided  into  "sea-water  which  will  return" 
and  "sea-water  which  will  not  return"  by  making  the  "sea-water  which 
will  not  return"  the  same  proportion  of  the  total  sea-water,  as  the  "land- 
water  which  will  not  return"  is  of  the  total  land-water.  This  is  so 
because  the  land-  and  sea-waters  are  mixed,  and  the  quantity  of  "land- 
water  which  will  not  return"  will  take  with  it  its  proportionate 
quantity  of  sea-water. 

The  division  of  sea-  and  land-water  in  a  flood  tide,  when  the  yearly 
mean  quantity  of  land-water  is  flowing,  is  shown  in  Fig.  40.  This 
diagram  was  constructed  by  laying  off  the  tidal  flow  of  the  mean  flood, 
in  cubic  feet,  as  ordinates,  and  drawing  a  smooth  curve  through  the 
points.  This  result  is  the  same  as  subtracting  from  the  top  curve 
of  Fig.  39,  the  quantity  of  "land-water  which  will  not  return."  The 
"returning  land-water"  was  obtained  by  laying  off,  from  this  top  curve, 
the  "land-water  which  will  return,"  as  given  in  Fig.  39.  Below  the 
second  curve,  the  "sea-water  which  will  return"  was  laid  off,  as  given 
in  Fig.  39,  and  marked  "returning  sea-water."  The  remaining  part  of 
the  figure,  the  "new  sea-water,"  is  the  same  in  quantity  as  the  "sea- 
water  which  will  not  return,"  as  given  in  Fig.  39. 

In  order  to  show  the  variation  from  mean  conditions,  Figs.  41,  42, 
43,  and  44  were  constructed  to  show  the  division  of  sea-  and  land-water 
in  ebb  and  flood  tides  during  August  and  April,  when  the  minimum 
and  maximum  quantities  of  land-water  are  flowing. 

The  division  of  sea-  and  land-water  in  ebb  tide  during  August, 
when  the  minimum  quantity  of  land-water  is  flowing,  is  shown  in  Fig. 
41,  which  was  constructed  in  a  similar  manner  to  Fig.  39,  except  that 
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the  saliiiometer  records  for  August,  as  given  in  Table  10,  were  used, 
and  the  quantity  of  land-water  flowing  from  the  water-sheds  was  taken 
for  August,  instead  of  the  yearly  mean. 

The  division  of  sea-  and  land-water  in  flood  tide  during  August, 
when  the  minimum  quantity  of  land-water  is  flowing,  is  shown  in 
Fig.  42,  which  was  constructed  from  Fig.  41,  in  a  similar  manner  to 
Fig.  40. 

UPPER  BAY  AND   HUDSON    RIVER. 

DIVISION   OF  SEA-   AND   LAND-WATER, 
WHEN  AVERAGE   LAND-WATER   IS   FLOWING. 

FROM  SALINOMETER  RECORDS  MADE  BY  THE  METROPOLITAN  SEWERAGt  COMMISSION. 


FLOOD   CURRENT 


o6  000  000  000 


=4  000  000  OvU 


Fig.  40. 

The  division  of  sea-  and  land-water  in  ebb  tide  during  April,  when 
the  maximum  quantity  of  land-water  is  flowing,  is  shown  in  Fig.  43, 
which  was  constructed  in  a  similar  manner  to  Fig.  39,  except  that  the 
salinometer  records  for  April,  as  given  in  Table  10,  were  used,  and  the 
quantity  of  land-water  flowing  from  the  water-sheds  was  taken  for 
April,  instead  of  the  yearly  mean. 

The  division  of  sea-  and  land-water  in  flood  tide  during  April, 
when  the  maximum  quantity  of  land-water  is  flow'ing,  is  shown  in 
Fig.  44,  which  was  constructed  from  Fig.  43,  in  a  similar  manner  to 
Fig.  40. 
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UPPER  BAY  AND   HUDSON    RIVER, 

DIVISION   OF  SEA-  AND   LAND-WATER. 
DURING  AUGUST,  WHEN  MINIMUM   LAND-WATER   IS  FLOWING. 

FROM  SALINOMETER  RECORDS  MADE  BY  THE  METROPOLITAN    SEWERAGE  COMMISSION. 


EBB  CURRENT 


•26  000000000 


Fig.  41. 


UPPER  BAY  AND   HUDSON    RIVER. 

DIVISION   OF  SEA-   AND   LAND-WATER. 
DURING  AUGUST,  WHEN   MINIMUM   LAND-WATER   IS  FLOWING. 

FROM  SALINOMETER  RECORDS  MADE  BY  THE  METROPOLITAN  SEWERAGE  COMMISSION. 


FLOOD  CURRENT 


»  8000 000 IXh) 


9  6000000000- 


Fig.  42. 
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UPPER  BAY  AND  HUDSON   RIVER. 

DIVISION  OF  SEA- AND  LAND-WATER   DURING  APRIL, 
WHEN    MAXIMUM   LAND-WATER  IS  FLOWING. 

FROM  SALINOMETER  RECORDS  MADE   BY  THE   METROPOLITAN  SEWERAGE  COMMISSION. 


■Sa 
•So 
a  P- 


Fig.  43. 
UPPER  BAY  AND  HUDSON   RIVER. 

DIVISION  OF  SEA-  AND  LAND-WATER   DURING  APRIL, 
WHEN    MAXIMUM   LAND-WATER  IS  FLOWING, 

FROM  SALINOMETER  RECORDS  MADE  BY  THE  METROPOLITAN  SEWERAGE  COMMISSION. 


FLOOD  CURRENT. 


©2000000000 


Fm.   44. 
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Quiuilitics  In  Cubic  IVit 

H'        lO         u         0. 


Quantities  In  CuWc  Feet 


Oovernore  Island 


Blackwells  Islaufi 
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1 1  ^ 
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8  8  8  8 

o  o  o  o 

8  8  8  8 

8  °  "  ° 


Quantities  in  Cubic  Feet 


Governors  Island 


Blackwells  Island 


Tbrogs  Neck 
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1/ 

Governors  Island 


Blackwells  Island 


Tbrogs  Neck 
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The  East  River.— In  like  manner,  a  longitudinal  section  was  taken 
through  the  East  River  from  Governors  Island  to  Throgs  Neck,  and 
figures  illustrating  this  section  were  drawn  to  the  same  scale  as  those 
for  the  Upper  Bay  and  Hudson  River. 

EAST  RIVER. 

DIVISION  OF  SEA-  AND  LAND-WATER  DURING  APRIL, 
WHEN  MAXIMUM   LAND-WATER  IS  FLOWING. 

FROM  SALINOMETER  RECORDS  MADE   BY  THE  METROPOLITAN  SEWERAGE  COMMISSION. 

EBB  CURRENT 


FLOOD  CURRENT 


Fig.   50. 

The  division  of  sea-  and  land-water  in  ebb  tide  when  the  yearly 
mean  quantity  of  land-water  is  flowing,  is  shown  in  Fig.  45.  This 
diagram  was  constructed  by  laying  off  the  mean  flow,  in  cubic  feet  per 
tide,  as  ordinates,  and  dividing  these  ordinates  according  to  the  salino- 
meter  records,  as  given  in  Table  10,  allowance  being  made  if  the  precipi- 
tation was  above  or  below  the  annual  normal. 

The  division  of  sea-  and  land-water  in  flood  tide  when  the  yearly 
mean  quantity  of  land-water  is  flowing,  is  shown  in  Fig.  46. 
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The  division  of  sea-  and  land-water  in  ebb  tide  during  August, 
when  the  minimum  quantity  of  land-water  is  flowing,  is  shown  in 
Fig.  4".  The  division  of  sea-  and  land-water  in  flood  tide  during 
August,  when  the  uiiniimnn  quantity  of  land-water  is  flowing-,  is  shown 
in  Fig.  48. 

The  division  of  sea-  and  land-water  in  ebb  tide  during  April, 
when  the  maximum  quantity  of  land-water  is  flowing,  is  shown  in 
Fig.  40.  The  division  of  sea-  and  land-water  in  flood  tide  during  April, 
when  the  maximum  quantity  of  land-water  is  flowing,  is  shown  in 
Fig.  50. 

The  results  shown  graphically  in  Figs.  39  to  50,  inclusive,  are  given 
in  Tables  12  to  17,  inclusive.  These  tables  also  give  the  percentages 
which  the  division  of  sea-  and  land-water  are  of  the  total  tidal  flows. 

TABLE  12. — Division  of  Sea-  and  Land- Water  in  Ebb  Current  when 

Yearly  Average  Quantity  of  Land- Water  is  Flowing. 

Figures    in    trillions   of    Cubic   Feet    and    in    Percentage   During 

Ebb  Current. 


Part  of  Harbor. 


*  Upper  Bay  and  Hodson  River 
The  Narrows 

The  Battery 

Fort  Washington  Point 

Tarrytowu 

+  East  River. 

Governors  Island 

Black  wells  Island 

Throgs  Neck 


Land- Water  : 


which  will 
return. 


3  010 
25.0% 

1480 
19.90,6 

3  040 
48.8% 

2  320 
58.30/0 


which  will 
not  return. 


1180 
9.80/0 
1090 

14.70/n 
1090 

17.50,0 
1090 

27.4% 


Sea- Water  : 


which  will 
return. 


5  640 
46.8% 

2  800 
37.7% 

1  530 

24.90/0 

390 


which  will 
not  return. 


2  210 

18. 40/0 

2  060 

27.70/0 

550 

8.8% 

180 

4.50/0 


Total 
ebb  flow. 


12  040 
100% 
7  430 
1000/0 
6  230 
lOflo/o 
3980 
1000/0 


1520 
34.60/0 

1320 

31.9% 

660 

18.1% 


2  870 
65.40/0 

2  830 
68.10/0 

3000 
81. 90/0 


4.390 
lOOo/o 
4  1.50 
100% 
3  660 
100o^ 


*  Shown  graphically  on  Fig.  39. 
t  Shown  graphically  on  Fig.  45. 


Division  of  Sea-  and  Land- Water  by  Months. 

A  study  was  made  of  the  division  of  sea-  and  land-water  in  both 
ebb  and  flood  tides,  to  show  the  monthly  variations  at  difl^erent  places 
in  the  harbor. 
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TABLE   13. — Divislox  of   Sea-  and  Land-Water  in  Flood  Current 

WHEN  Yearly  Average  Quantity  of  Land- Water  is  Flowing. 

Figures    in    Millions   of    Cubic   Feet    and    in   Percentage   During 

Flood  Current. 


Part  of  Harbor. 

Land -Water 
returning. 

Sea-Water  : 

Total 
flood 
flow. 

Returning. 

New. 

*  Upper  Bay  and  Hudson  River. 
The  Narrows 

3  010 
27.90/0 

1  480 
23. 30/0 

3  040 
59.1o,i, 

2  320 
8O.30/6 

5  560t 
51.eo/n 

2  800 
44.20/0 

1550 

30.2% 

390 

I8.50/0 

2  210 

20.50/0 

2  060 

33.5% 
550 

IO.7O/6 

180 

0.2% 

10  780 

The  Battery 

Fort  Washington  Point 

lOOO/o 
6  340 
1000/0 
5  140 
100% 
2  890 

lOOO/o 

t  East  River. 

1  590 
37.0% 

1  300 

31.90/0 

650 

18. 20/0 

2  720 
63  0% 

2  770 
68.10/0 

2  930 

4  310 

lOOOf, 
4  070 

Throgs  Neck 

1000/0 
3  580 

8I.80/0 

1000/^ 

*  Shown  graphically  on  Fig.  40.  +  Shown  graphicaUy'on  Kig.  46. 

t  This  figure  is  80  000  000  cu.  ft.  less  than  the  "  sea- water  which  will  return, "  as  given  in 
Table  13,  because  this  is  the  mean  resultant  flow  through  the  East  River. 

TABLE    14. — Division   of    Sea-   and   Land-Water   in   Ebb    Current, 

During   August,   when  Minimum   Quantity  of  Land-Water 

IS  Flowing, 

Figures    in    Millions   of    Cubic    Feet    and    in    Percentage   During 

Ebb  Current. 


Land- Water  : 

Sea-Water  : 

Total  ebb 
flcv. 

Part  of  Harbor. 

which  will 
return. 

which  will 
not  return. 

which  will 
return. 

which  will 
not  return. 

*  Upper  Bay  and  Hudson  River. 
The  Narrows 

2  830 
23.50b 

1  300 
16. 10,^ 

3  700 
43.3% 

3  430 
60.9%- 

620 

5.2% 
570 

7.7*0 
570 

9.1o.b 

570 

14.3% 

7  050 

58.5% 
3  830 

51.60/0 
2  4.i0 

39.300 
800 

20.1% 

1  540 

I2.8O0 

1  830 

24.60^ 

510 

8.30,0 

190 

4.7% 

12  040 

The  Battery 

lOOOo 
7  430 

Fort  Washington  Point 

Tarrytown 

100% 
6  330 
100% 
8  9S0 

100% 

+  East  River, 

Governors  Island 

1  040 
33.80/0 

1  100 

36.. 50,^ 

65>n 

3  350 
76.20/0 

3  050 
73.50/0 

3  040 

4  390 

Blackwells  Island 

Throgs  Neck 

1000/0 
4  150 
lOOO-b 
3  660 

17.1 

% 

as.c 

% 

100% 

*  Shown  graphically  on  Fig.  41. 


t  Shown  graphically  on  Fig.  47. 
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TABLE   15. — Division  of  Sea-  and  Land- Water  in  Flood  Current, 

DrRiNG  AroisT,  when  ]\riNiMrM  Quantitv  of  Land-Water 

IS  Flowing. 

Figures    in    ^lillioiis    of    Cubic    Feet    and    in   Percentage   During 

Flood  Current. 


Laud-Water 
returning. 

Ska- Water. 

Total 

Part  of  Harbiif. 

Returning. 

6  970t 
61. 50/0 

3  830 
55.80,6 

2450 

43.30^ 

SOU 

23.4% 

New. 

flood  flow. 

♦Upper  Bay  and  Hudson  River. 

2  830 
24.90,0 

1  200 
17.5o,„ 

2  700 
47.70.0 

2  420 
71.0% 

1  540 
13.C.0/0 

1  H30 

26.70/6 

510 

g.oo/o 

190 
5.6% 

11  340 

The  Battery 

100% 
6  860 

Fort  Washington  Point 

Tarrytown 

1000/0 
5  660 
1000/6 
3  410 
1000/0 

+EAST  River. 

Governors  Island 

1  120 
26. 00^ 

990 
24.40/6 

630 
17.7% 

8  190 
74.00/6 

3  080 
75.6% 

2  950 

4  310 

Blackwells  Island 

Throws  Neck  

100% 
4  070 
100% 
3  580 

82.30/6 

ICOo/o 

*  Shown  graphically  on  Fig.  42.  t  Shown  graphically  on  Fig.  48. 

t  This  figure  is  SO  000  000  cu.  ft.  less  than  the  "sea-water  which  will  return,"  as  given  in 
Table  14.  because  this  is  the  mean  resultant  flow  through  the  East  River. 

TABLE    16. — Division   of    Sea-   and   Land-W^ater   in   Ebb    Current, 

During  April,  when  Maximum  Quantity  of  Land- Water 

is  Flowing. 

Figures   in   Millions   of    Cubic   Feet   and   in   Percentage  During 

Ebb  Current. 


Land-Water: 

Sea- Water: 

Total 
ebb  flow. 

Part  of  Harbor. 

which  will 
return. 

which  will 
not  return. 

which  will 
return. 

which  will 
not  return. 

•Upper  Bay  and  Hudson  River. 
The  Narrows 

Th^  Battery 

Fort  Washington  Point 

4  610 
38.3% 

2  090 
28.10/6 

3  520 
56.50/0 

1  600 
40. 20/0 

2  590 

21.5% 
2380 

.32.096 
2  380 

38.2% 
2  380 

59.8% 

3  100 
25.70/6 

1380 

18.6% 

200 

3.2% 

1740 

14.50/0 
1  580 

2I.30/0 

130 

2.1% 

12  040 
1000/0 
7  430 

1000,6 
6  230 
1000/0 
3  980 

100% 

+East  River. 

2  640 
60.1% 

1880 

45.30/6 

890 

1  750 
39.90/0 

2  270 
54.70/0 

2  770 

4  390 

Blackwells  Island 

IOOO/6 
4  150 

Throgs  Neck 

lOOOo 
3  660 

24.2 

% 

75. e 

% 

100% 

*  Shown  graphically  on  Fig.  48. 


+  Shown  graphically  on  Fig.  49. 
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TABLE  IT. — Division  of  Sea-  and  Land-Water  in  Flood  Current, 

During  April,  when  Maximum  Quantity  of  Land-Water 

IS  Flowing. 

Figures    in    Millions   of    Cubic   Feet   and    in   Percentage   During 

Flood  Current. 


Part  of  Harbor. 

Land -Water 
returning. 

Sea- Water: 

Total 

Returning. 

New. 

flood  flow. 

*  Upper  Bay  and  Hudson  River. 
The  Narrows 

4  610 
49.20/b 

2  090 
41.40/0 

3  520 
91.4% 

1  600 
100% 

3  020t 
38.20/0 

1380 

27.3% 

200 

5.2% 

1740 
18.6% 

1580 

31.3% 

130 

a.  4% 

9  370 

The  Battery 

100% 
5  050 

Fort  Washington  Point 

1000/0 
3  850 
100% 
1  600 

looo^ 

t  East  River. 

Governors  Island 

2  900 
67.2% 

1  830 

44.90/0 

840 

23.5o^ 

1410 
32.80/0 

2  240 
55.10/0 

2  740 

4  310 

1000/0 
4  070 

Throgs  Neck 

1000/0 
3580 

76.50/0 

100% 

♦Shown  graphically  on  Fig.  44. 
t  Shown  graphically  on  Fig.  50. 

JTnis  figure  is  80  000  000  cu.  ft.  less  than  the  "  sea  water  which  will  return,"  as  given  in 
Table  16,  because  this  is  the  mean  resultant  flow  through  the  East  River. 

The  Narrows. — The  division  of  sea-  and  land-water  in  ebb  tides  by 
months  is  shown  in  Fig.  51.  This  diagram  was  constructed  by  laying 
off  monthly  divisions  as  abscissas,  and  the  mean  quantity  of  water 
flowing  in  ebb  tide  as  ordinates.  The  curves  dividing  the  "land-water 
which  will  return"  and  the  "land-water  which  will  not  return"  and  the 
"sea-water  which  will  return"  and  the  "sea-water  which  will  not  re- 
turn," were  drawn  in  a  similar  manner  to  the  curves  shown  on  Fig.  39; 
except  that  the  salinometer  records  were  taken  for  each  month  from 
Table  10,  instead  of  the  mean  for  the  year,  and  also  the  quantities 
of  land-water  flowing  were  taken  for  the  different  months,  instead  of 
the  yearly  mean. 

The  division  of  sea-  and  land-water  in  flood  tides  by  months  is 
shown  in  Fig.  52.  This  diagram  was  constructed  by  deducting  from 
Fig.  51  the  quantity  of  "land-water  which  will  not  return."  This  gives 
the  upper  curve  of  the  diagram.  The  returning  land-water  was  plotted 
by  laying  off,  from  this  upper  curve,  the  quantity  of  "land-water  which 
will  return,"  as  given  in  Fig.  51.     In  a  similar  manner,  the  "returning 
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THE   NARROWS. 

DIVISION  OF  SEA- AND  LAND-WATER  BY  MONTHS. 

FROM  SALINOMETER  RECORDS  MADE   BY  THE  METROPOLITAN  SEWERAGE  COMMISSION. 

EBB  CURRENT. 


Fig.  51. 
FLOOD  CURRENT. 


Fig.  52. 
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TABLE  18.— The  Narrows. 

Division  of  Sea-  and  Land-Water  in  Ebb  Current,  by  Months. 

Figures  in  Millions  of  Cubic  Feet  During  Ebb  Current.* 


Land-Wateb  : 

Sea-Water  : 

Total 
ebb  flow. 

Moath. 

which  will 
return. 

which  will 
not  return. 

which  will 
return. 

which  will 
not  return. 

January 

3  520 
5  430 

3  510 

4  610 

5  400 
3  480 
2  230 
2  840 
2  280 
1  600 
1760 
1770 

880 

690 

2  500 

2  590 

1  340 

1  090 

700 

620 

710 

990 

910 

1070 

6  400 
5  250 
3  520 

3  100 

4  250 

5  690 
0  930 

•    7  060 

6  900 

5  840 

6  180 
5  730 

2  240 

670 

2  510 

1  740 

1  050 
1780 

2  180 
1520 

2  150 

3  610 
3  190 
3  470 

12  040 
12  040 

12  040 

12  040 

May  

13  040 

13  040 

July 

12  040 

12  040 

12  040 

12  040 

12  040 

13  040 

3  010 

1  180 

5  640 

2  210 

12  040 

♦Shown  graphically  on  Fig.  51. 
t  Average  of  daily  readings. 


TABLE  19.— The  Narrows. 

Division  of   Sea-   and  Land-Water  in   Flood   Current,  by  Months. 

Figiires  in  Millions  of  Cubic  Feet  During  Flood  Current.* 


Month. 


January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Average  for  Yeart 


Land- Water 
returning. 


3  520 
5  430 

3  510 

4  610 

5  400 
3  480 
2  230 
2  840 
2  280 
1  600 
1  760 
1  770 


3  010 


Sea- Water  : 


Returning .        New 


6  320  t 
5  170 
3  440 

3  030 

4  170 

5  610 

6  850 
6  980 
6  820 

5  760 

6  100 
5  650 


5  560 


2  240 
670 
2  510 
1  740 
1  050 

1  780 

2  180 

1  520 

2  150 

3  610 
3  190 
3  470 


2  210 


Total 
flood  flow. 


11  080 
11  270 
9  460 
9  870 
10  620 

10  870 

11  260 
11  340 
11  250 

10  970 

11  050 
10  890 


10  780 


*  Shown  graphically  on  Fig.  52. 
t  Average  of  daily  readings. 

t  These  figures  are  80  000  000  cu.  ft.  less  than  the  '-sea-water  which  will  return,"  as  given 
in  Table  18,  because  this  is  the  mean  resultant  flow  through  the  East  River. 
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HUDSON   RIVER,  OFF  THE  BATTERY. 

DIVISION  OF  SEA- AND  LAND-WATER  BY  MONTHS. 

FROM  SALINOMETEH  RECORDS  MADE  BY  THE  METROPOLfTAN  SEWERAGE  COMMISSION. 

EBB  CURRENT. 


a  fioooeooooo 


a   1000000000 


Fig.  53. 


FLOOD  CURRENT. 


Fig.  54. 
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sea-water"  was  laid  off,  and  the  difference  (the  quantity  to  complete 
the  diagram)  is,  therefore,  "new  sea-water,"  which  is  the  same  in  quan- 
tity as  the  "sea-water  which  will  not  return,"  as  given  in  Fig.  51.  The 
results  shown  graphically  in  Figs.  51  and  52  are  given  in  Tables  18 
and  19. 

The  Hudson  River,  off  the  Battery. — The  division  of  sea-  and  land- 
water  in  ebb  tides,  by  months,  is  given  in  Fig.  53,  and  in  flood  tides 
in  Fig.  54.  These  diagrams  were  constructed  in  a  similar  manner  to 
Figs.  51  and  52.  The  results  shown  graphically  in  Figs.  53  and  54  are 
given  in  Tables  20  and  21. 

The  Hudson  River,  off  Fort  Washington  Point. — The  division  of 
sea-  and  land-water  in  ebb  tides,  by  months,  is  given  in  Fig.  55,  and  in 
flood  tides  in  Fig.  56.  These  diagrams  were  constructed  in  a  similar 
manner  to  Figs.  51  and  52.  The  results  shown  graphically  in  Figs.  55 
and  56  are  given  in  Tables  22  and  23. 

The  Hudson  River,  off  T arrytoivn.—The  division  of  sea-  and  land- 
water  in  ebb  tides,  by  months,  is  given  in  Fig.  57,  and  in  flood  tides, 
in  Fig.  58.  These  figures  were  constructed  in  a  similar  manner  to 
Figs.  51  and  52.  The  results  shown  graphically  in  Figs.  57  and  58  are 
given  in  Tables  24  and  25. 

The  East  River,  off  Blachivells  Island. — The  division  of  sea-  and 
land-water  in  ebb  tides,  by  months,  is  given  in  Fig.  59.  This  diagram 
was  constructed  by  laying  off  monthly  divisions  as  abscissas,  and  the 
average  quantity  of  water  flowing  in  ebb  tide  as  ordinates.  The 
average  quantity  of  water  flowing  in  ebb  tide  was  then  divided  into 
land-  and  sea-water  by  the  salinometer  percentages  for  the  different 
months,  as  given  in  Table  10,  and  a  smooth  curve  was  drawn  through 
these  points,  allowance  being  made  if  the  precipitation  was  above  or 
below  the  normal  for  that  month. 

The  division  of  sea-  and  land-water  in  flood  tides,  by  months,  is 
given  in  Fig.  60.  This  diagram  was  constructed  in  a  similar  manner 
to  Fig.'  59,  excepting  that  the  salinometer  percentages  for  flood  tide 
were  used.  The  results  shown  graphically  in  Figs.  59  and  60  are  given 
in  Tables  26  and  27. 

N'ewarh  Bay. — The  figures  illustrating  the  division  of  the  waters 
in  Newark  Bay  are  not  drawn  to  the  same  scale  as  the  preceding  ones. 
The  scale  was  increased  in  order  to  show  more  clearly  the  division  of 
the  waters. 
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'i'ABLE  20. — III  nsoN  Kivkh,  off  tiik  Battkhy. 

l>IVIStO\    OF    Sf.A-    AM)     l.\\n-\VATEI{    l\     KliU    Cl  KUKNT.    liV     MoNTIIS. 

Fi,min>s  ill   .Millions  o(  C'lihir  Feet  Diiriiiu-  Khb  Current.* 


i  •■/,' 


Land-Water  ; 


Sea  Water  : 


Month. 


January. . . 
February.. 

March 

April 

May 

June 

July 

August 

September 
October  . . . 
November. 
December. . 


which  will 
return . 


1370 
2  260 

1  35U 

2  090 
2  980 
1  880 
1  190 
1  200 

810 

780 

950 

1  OIK 


Average  for  Yeart. 


1480 


which  will 
not  return. 


810 

640 

2  300 

2  380 

12.30 

1000 

640 

570 

650 

910 

840 

lOSO 


which  will 
return. 


3  300 
3  580 
1  400 

1  380 

2  280 

2  970 

3  610 
3  830 
3  810 
2  650 
2  990 
2  580 


which  will 
not  return. 


Total 
ebb  How. 


19.50 
1  000 
2;-i80 
1  580 
940 
1  580 
1960 

1  830 

2  660 

3  090 
2  ••.50 
2  760 


7  430 
7  430 
7  430 
7  430 
7  430 
7-130 
7  430 
7  430 
7  4:W 
7  430 
7  4.TO 
7  430 


1090 


2800 


2  060 


7  430 


•  Shown  graphically  on  Fig.  53. 
+  Average  of  daily  readings. 


TABLE  21. — Hudson  Eher,  off  the  Battery. 

Divi.sioN   OF   Sea-   and   Land-Water  in   Flood   Current,   by   Months. 

Figures  in  Millions  of  Cubic  Feet  During  Flood  Current.* 


Month 


January 

February . . . 

March 

April 

May 

.Tune 

July 

August 

September 

October 

November 

December 

Average  for  Yeart 


*  Shown  graphically  on  Fiii.  54. 
+  Average  of  daily  readings. 


Land- 
Water 
returning. 


1370 
2  260 

1  350 

2  090 
2  980 
1  880 
1  19) 
1200 

8iO 

7811 

950 

1010 


1  480 


Sea-Water  : 


Returning. 


3  800 
3  .530 
1  400 

1  380 

2  280 

2  970 

3  640 
3«80 
3  310 
2  6.50 
2  990 
2  580 


New. 


1  950 

1  000 

2  880 
1  580 

910 
1  5S0 
1  960 

1  8:^0 

2  660 

3  090 
2  650 
2  760 


2  060 


Total  flood 
flow. 


6  620 
6  790 
5180 

5  0.50 

6  200 
6  430 
6  790 
6  860 
6  780 
6  520 
6  590 
6  350 


6  340 
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TABLE  22. — Hudson  River,  off  Fort  Washington  Point. 

Division  of  Sea-  and  Land- Water  in  Ebb  Current,  by  Months. 

Figures  in  Millions  of  Cubic  Feet  During  Ebb  Current.* 


Month. 


January 

February 

March 

April 

May 

June 

July..... 

August 

September 

October 

November 

December 

Average  for  Year.t 


Land- Water  : 


which  will 
return. 


2  970 
4  540 

2  930 

3  520 

4  420 
3  640 
2  850 
2';  00 
2  400 

2  170 

3  260 
2  220 


3  040 


which  will 
not  return. 


810 

640 

2  300 

2  380 

1230 

1000 

640 

570 

650 

910 

840 

1080 


1090 


Sea- Water  : 


which  will 
return. 


1930 

920 

560 

200 

450 

1250 

2  240 

2  450 

2  500 

2  220 

2  280 

1970 


1550 


which  will 
not  return. 


520 
130 
440 
130 
130 
340 
500 
510 
680 
930 
850 
960 


550 


Total 
ebb  flow. 


6  230 
6  230 
6  230 
6  230 
6  230 
6  230 
6  230 
6  230 
6  230 
6  230 
6  230 
6  230 


6  230 


*  Shown  graphically  on  Fig.  55. 
t  Average  of  daily  readings. 


TABLE   23. — Hudson   Eiver,   off  Fort   Washington  Point. 

Division  of   Sea-  and  Land-Water  in   Flood   Current,  by  Months. 

Figures  in  Millions  of  Cubic  Feet  During  Flood  Curi-ent.* 


Month. 


January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Average  for  Yeart 


Land-Water 
returning. 


2  970 
4  540 

2  930 

3  520 

4  420 
3  640 
2  850 
2  700 
2  400 
2  170 
2  360 
2  220 


Sea- Water  ; 


Returning. 


1  930 
920 
560 
200 
450 

1250 

2  240 
2  450 
2  500 
2  20O 
2  280 
1970 


New. 


520 
130 
440 
130 
130 
340 
500 
510 
680 
930 
850 
960 


Total 
flood  flow. 


5  420 
5  590 
8  930 
3  850 
5000 
5  230 
5  590 
5  660 
5580 
5  300 
5  390 
5  150 


3  040 


1550 


550 


*  Shown  graphically  on  Fig.  56. 
t  Average  of  daily  readings. 


PaiKT.s.) 


TIDAl,   rili;\O.Mi:NA    in    XHW    YOUK   IlAKlJOli 


753 


TABLE  24. — Hidson  River,  off  Taruytown. 

Division  of  Sea-  and  Land-Water  in  Ebb  Cukrent,  by  Months. 

Figrures  in  Millions  of  Cubic  Feet  During  Ebb  Current.* 


Month. 


Land-Water  : 


which  will 
return. 


which  will 
not  return. 


Sea- Water  : 


which  will 
return. 


which  will 
not  return. 


Total 
ebb  How. 


January 

February. . . 

.March 

April 

May 

June 

July 

August 

September . 

October 

November., 
December.. 


2  570 

3  240 
1620 

1  600 

2  740 
2  720 
2  560 
2  420 
2  280 
2  050 
2  090 
1970 


810 

640 

2  300 

2  380 

1  230 

1000 

640 

570 

650 

910 

840 

1080 


460 
80 
25 


190 
620 
800 
820 
710 
750 
600 


140 
20 
85 


70 
160 
190 
230 
810 
300 
330 


3  980 
3  980 
3  980 
3  980 
3  980 
3  980 
3980 
3  980 
3  980 
3  680 
3  980 


Average  for  Yeart. 


2  820 


1090 


390 


180 


3  980 


*  Shown  graphically  on  Fig.  57. 
t  Average  of  daily  readings. 


TABLE  25. — Hudson  River,  off  Tarrytown. 

Division   of   Sea-  and  Land-Water  in   Flood   Current,  by  Months. 

Figures  in  Millions  of  Cubic  Feet  During  Flood  Current.* 


Month. 


January. . . . 
February. . 

March 

April 

May 

June 

July 

August 

September  , 

October 

November. . 
December  . 


Average  for  Year  +  . 


Land  -Water 

returning. 

2.570 

3  240 

1620 

1600 

2  740 

2  720 

2  560 

2  420 

2  280 

2  050 

2  090 

1970 

2320 


Sea- Water  : 


Returning,       New 


460 
80 
25 

"7 
190 
620 
800 
820 
710 
750 
600 


390 


140 
20 
35 

"s 

70 
160 
190 
230 
310 
300 


180 


Total 
flood  flow. 


3170 
3  340 

1  680 
1600 

2  750 

2  980 

3  340 
3  410 
3  330 
3  070 
3  140 
2900 


2  890 


*  Shown  graphically  on  Fig.  58. 
tAverage  of  daily  readings. 
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TABLE  26. — East  River,  off   Blackwklls   Island. 

Division  of  Sea-  and  Land-Water  in  Ebb  Current,  by  Months. 

Figures  in  Millions  of  Cubic  Feet  During  Ebb   Current.* 


Month. 


Land-Water, 


Sea-Water. 


Total 
ebb  flow. 


January. . . , 
Februaiy.. , 

March 

Apiil 

May 

June 

July 

August 

September., 

October 

November. . 
December . . 


1  100 
1.530 
1  580 
\  SHO 
1  730 
1  410 
1  110 
1  luO 
1  010 
1  050 
1  020 
1060 


3  050 
2  620 
2  570 
2  270 
2  430 

2  740 

3  010 
3  050 
3  140 
3  100 
3  130 
3  090 


4  150 
4  1.50 
4  150 
4  150 
4  150 
4  150 
4  150 
4  150 
4  1.50 
4  150 
4  150 
4  J50 


Average  for    Year.t. 


2  830 


*  Shown  graphically  on  J^  ig.  59. 
t  Average  of  dally  readings. 

TABLE  27. — East  Eiver.  off  Blackwells  Island. 

Division   of   Sea-   and   Land-Water  in   Flood   Current,   by   Months. 

Figures  in  Millions  of  Cubic  Feet  During  Flood  Current.* 


Month. 


Land -Water. 


Sea-Waier. 


Total  flood 
flow. 


January 

February. . . 

March 

April 

May 

June 

July 

August 

September 
October... . 
November. 
December.. 


Average  for  Yeart. 


1060 

1  410 

1530 

1830 

17.50 

1  360 

1  1.50 

990 

970 

1  070 

970 

1  050 


3  010 
2  660 
2  540 
2  240 

2  320 

3  710 

2  920 

3  080 
3  100 
3  000 
3  100 
3  020 


2  770 


4  070 
4  070 
4  070 
4  070 
4  070 
4  070 
4  070 
4  070 
4  070 
4  070 
4  070 
4  070 


4  070 


*  Shown  graphically  on  Fig.  60. 
t  Average  of  daily  readings. 

The  division  of  sea-  and  land-water  in  ebb  tides,  by  months,  is 
shown  in  Fig.  61,  and  in  flood  tides,  in  Fig.  62.  These  figures  were 
constructed  in  a  similar  manner  to  Figs.  51  and  52.  The  results  shown 
graphically  in  Figs.  61  and  62  are  given  in  Tables  28  and  29. 
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HUDSON   RIVER,  OFF  FT.  WASHINGTON    POINT. 

DIVISION  OF  SEA-  AND   LAND-WATER  BY  MONTHS. 

FROM  SALISOMETER  RECORDS  MADE   BY  THE  METROPOLITAN  SEWERAGE  COMMISSION. 

EBB  CURRENT. 


Fig.  55. 
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HUDSON   RIVER,  OFF  TARRYTOWN 

DIVISION   OF  SEA- AND   LAND-WATER  BY   MONTHS. 

FROM  SALINOMETES  RECORDS  MADE   BY  THE  METROPOLITAN  SEWERAGE  COMMISSION. 

EBB  CURRENT 


3  3000000000 


•=  2000000000 


Fig.  57. 


FLOOD  CURRENT 
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Fig.  58. 
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EAST  RIVER,  OFF  BLACKWELL  S  ISLAND 

DIVISION  OF  SEA-  AND   LAND-WATER  BY   MONTHS. 

FROM  SALINOMETER  RECORDS  MADE  BY  THE  METROPOUTAN  SEWERAGE  COMMISSION. 

EBB  CURRENT 
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NEWARK  BAY 

DIVISION  OF  SEA-  AND   LAND-WATER  BY   MONTHS. 

FROM  SALINOMETER  RECORDS   MADE   BV  THE  METROPOLITAN  SEWERAGE  COMMISSION. 

EBB  CURRENT 


Fig.  61. 


FLOOD  CURRENT 
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Fig.  62. 
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TABLE  28.— Newark  Bay. 

l)i\isi(iN  OK  Ska-  and  T.and-Watkk  in  Ebb  Current,  by  Months. 
Figures  in  .Millions  of  Cubic  Feet  During  Ebb  Current.* 


Land-V 

'ater  : 

Sea-W 

ATER  : 

Total 
ebb  flow . 

Month. 

which    will 
return. 

which  will 
not  return. 

which  will 
return. 

which  will 
not  return. 

January 

1179 

1535 

1424 

1649 

1570 

1210 

924 

973 

870 

823 

799 

999 

79 
62 
223 
231 
120 
97 
62 
56 
63 
88 
81 
105 

669 
3()0 
281 
167 
262 
616 
924 
892 
969 
959 
992 
785 

45 
15 
44 
25 
20 
49 
62 
51 
70 
102 
100 
83 

1972 

February ». .   . 

1  972 

March..' 

1  972 

April 

1  972 

May 

1  972 

.lunt^ 

1  972 

July 

1  972 

August 

1972 

September 

1972 

October 

1972 

November 

1  972 

December 

1972 

Average  for  Yeart 

1152 

106 

654 

60 

1972 

*  Shown  grraphically  on  Fig.  61. 
t  .\verage  of  daily  readings. 


TABLE  29.— Newark  Bay. 

DivisidN    uF   Ska-   and   Land-Water  in   Flood   Current,   by   ^Ionths. 

Figures  in  Millions  of  Cubic  Feet  During  Flood  Current.* 


Month. 


January 

February. . . 

March 

April 

May 

June 

July 

August 

September. 

October 

November. . 
December. . 


Average  for  Year.t. 


Land -Water 
returnmg. 


1  179 

1  535 

1  424 

1  .^49 

1  570 

1  210 

924 

973 

870 

823 

799 

999 


1165 


Sea- Water  : 


Returning.        New 


860 
281 
167 
262 
616 
921 
892 
969 
959 
992 
785 


644 


45 
15 
44 
25 
20 
49 
62 
51 
70 
103 
100 


Total 
flood  flow. 


1893 
1910 
1  749 
1  741 
1852 
1875 
1  910 
1916 
1  909 
1  884 
1  891 
1867 


1  866 


*  Shown  graphically  on  Fig.  62. 
■••Average  of  dally  readings. 


760  TIDAL  PIIENOMEiSrA  IN  NEW  YORK  HARBOR  [Papers. 

InTERPRETATIOX    of    DiAGRAifS. 

The  sudden  rise  in  the  cuTve  at  the  Battery,  in  Fig-s.  39,  40,  41,  42, 
43,  and  44,  is  caused  by  the  discharge  from  and  into  the  East  River  at 
the  Battery,  and  also  by  the  discharge  from  and  into  the  Kill  van  Kull 
at  Staten  Island  near  The  Narrows. 

The  salinometer  readings  a,t  the  station  on  Governors  Island  were 
used  for  the  Battery,  as  it  was  the  nearest  observation  station  to  this 
place.  The  salinometer  readings  at  this  station  were  affected  more 
by  the  discharge  from  the  East  River  than  by  that  from  the  Hudson. 
In  consequence,  it  is  possible  that  more  land-water  should  be  shown 
at  the  Battery  than  in  Figs.  39,  40,  41,  42,  43,  and  44. 

The  diagrams  showing  the  conditions  existing  in  the  East  River, 
namely,  Figs.  45,  46,  47,  48,  49,  and  50,  are  not  divided  up  like  the 
others  to  show  the  ''water  which  will  return"  and  the  "water  which 
will  not  return."  It  was  not  possible  to  divide  them  in  this  manner, 
first,  because  the  East  River  is  a  strait,  open  at  both  ends  to  bodies 
of  salt-water,  and  second,  because  the  water-sheds  draining  into  it 
were  so  small  that  if  a  division  had  been  attempted,  as  was  done  with 
the  Hudson  River,  the  "land-water  which  will  not  return"  would  have 
been  so  small  that  it  would  appear  to  be  scarcely  thicker  than  a  line 
on   the   diagrams. 

Conclusions. 

A  study  of  these  diagrams  shows  that  the  flushing  action  of  the 
waters  of  the  harbor  is  not  as  great  as  the  large  volumes  flowing  on  the 
tides  would  seem  to  warrant.  All  the  diagrams  show  that  the  quantity 
of  "sea-  and  land-water  which  will  not  return"  is  not  a  large  pro- 
portion of  the  quantity  floM'ing  on  an  ebb  tide.  There  is  always  a 
large  quantity  of  "water  which  will  return"  on  the  succeeding  flood 
tide. 

The  quantity  of  "new  sea-water"  is  never  a  large  proportion  of  the 
total  quantity  flowing  on  a  flood  tide.  This  "new  sea-water"  is  only 
new  off  places  situated  near  the  ocean,  and  is  not  new  at  such  places 
as  the  Upper  Bay,  Fort  Washington  Point,  Tarrytown,  East  River, 
or  Newark  Bay.  At  these  places  the  "new  sea-water"  is  really  water 
which  has  not  been  at  the  place  on  the  previous  tide,  but  comes 
from  some  other  part  of  the  harbor.  For  instance,  at  Fort  Washington 
Point,  the  "new  sea-water"  would  be  from  the  lower  reaches  of  the 
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Hudson,  or  Uppev  Bay,  or  perhaps  some  from  the  East  Eiver  entering 
the  Hudson  at  the  Battery. 

The  water  which  has  a  seaward  trend  and  will  not  return,  is  the 
quantity  of  land-water  from  the  water-sheds.  For  places  near  the 
ocean,  this  seaward  trend  is  increased  by  some  "sea-water  which  will 
not  return";  but,  for  places  well  within  the  harbor,  such  "sea-water 
wliicli  will  not  return"  is  replaced  by  sea-water  (as  explained  previously) 
which  comes  from  some  other  part  of  the  harbor,  and  is  not  clean, 
ocean-water. 

The  diagrams  indicating  the  division  of  sea-  and  land-water  by 
months  show  that  the  "sea-water  which  will  return"  is  always  greatest 
during  the  summer  and  least  during  the  spring. 

The  "sea-  and  land-water  which  will  not  return"  is  least  during 
February  and  the  summer,  and  greatest  during  the  spring. 

The  flushing  out  of  the  harbor,  or  the  seaward  trend,  is  greatest 
during  the  spring  and  least  in  Februarj^  under  normal  conditions. 
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APPENDIX  A. 

Harbor  Divisions. 

The  boundaries  for  the  several  divisions  of  the  harbor  were  selected 
as  follows:  At  the  entrance  to  the  Lower  Bay,  by  a  line  from  Hook 
Beacon,  on  Sandy  Hook,  tangent  to  the  westerly  end  of  Rockaway 
Beach,  to  Barren  Island.  At  the  month  of  the  Raritan  River,  by  a 
line  from  Ferry  Point  to  the  extreme  easterly  point  of  South  Amboy. 
At  the  entrance  to  the  Shrewsbury  River,  by  a  line  from  the  Post 
Light  at  Spermaceti  Cove  southwesterly  to  Highlands.  At  The  Nar- 
rows, by  a  line  drawn  from  the  point  at  the  south  of  Fort  Hamilton 
Reservation  to  the  dock  about  i  mile  south  of  Fort  Wadsworth  Light. 
At  the  south  end  of  the  East  River,  by  a  line  drawn  from  the  Battery 
to  the  foot  of  State  Street,  Brooklyn.  At  the  south  end  of  the  Hud- 
son River,  from  Castle  Garden  to  the  south  end  of  the  docks  at  Com- 
munipaw.  At  the  east  end  of  Kill  van  Kull,  from  Constable  Point 
to  the  northerly  point  at  New  Brighton,  Staten  Island.  At  the  west 
end  of  Kill  van  Kull,  from  the  extreme  end  of  Bergen  Point  southerly 
to  Port  Richmond.  At  the  northerly  end  of  Arthur  Kill,  by  a  line 
drawn  from  the  railroad  dock  just  east  of  Port  Avenue,  Elizabethport, 
southerly  to  Staten  Island.  At  the  south  end  of  Arthur  Kill,  by  a  line 
drawn  from  Ferry  Point  to  the  extreme  southwest  end  of  Staten  Island. 
At  the  upper  end  of  Newark  Bay,  by  lines  drawn  from,  the  extreme 
southerly  end  of  the  Meadows,  between  the  mouths  of  the  Passaic  and 
Hackensack  Rivers,  westerly  across  the  Passaic  and  southeasterly 
across  the  Hackensack  to  the  point  of  the  Meadows.  At  the  east  end 
of  the  East  River,  by  a  line  from  the  light  on  Throgs  Neck  to  the 
northerly  end  of  Willets  Point.  At  the  southerly  end  of  the  Harlem 
Tiiver,  by  a  line  from  the  foot  of  East  126th  Street  to  the  northerly 
corner  of  the  Bronx  Kills.  At  the  northerly  end  of  the  Harlem  River, 
by  the  New  York  Central  and  Hudson  River  Railroad  bridge.  The 
Bronx  Kills,  Little  Hell  Gate,  the  west  branch  between  Manhattan  and 
Randalls  and  Wards  Islands,  Newtown  Creek,  and  Wallabout  Bay  are 
included  in  the  East  River.  The  areas  of  all  islands  have  been 
subtracted. 
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APPENDIX  B. 

CaLCI  LATION  OF  VOLUMES  FLOWING  ON   TiDES. 

Figures  in  Cubic  Feet  per  Tidal  Flow. 
Hudson  River,  off  the  Battery: 

The  ebb  flow  equals  tlie  ebb  oflF  30th  Street  plus  the  tidal  prism  be- 
tween the  Batterj'  and  SOth  Street,  Manhattan. 

Ebb :  6  990  000  000  +  3.7  sq.  miles  X  (5  280)2  X  4.3 

ft.,  mean  rise  of  tide 7  430  000  000 

^lean  discharge  of  fresh  water  in  12  lunar  hours.  ...    1  087  000  000 

Flood :  Taken  as  the  difference 6  343  000  000 

Hudson  River,  off  Fort  Washington  Point: 

The  ebb  flow  equals  the  ebb  off  39th  Street,  minus  the  tidal  prism 
between  Fort  Washington  Point  and  39th  Street,  Manhattan. 

Ebb :  6  990  000  000  —  6.6  sq.  miles  X  (;■>  280)-  X  4.15 

ft.,  mean  rise  of  tide 6  230  000  000 

:\rean  discharge  of  fresli  water  in  12  lunar  hours 1  087  000  000 

Flood  :   Taken   as   tlie  difference 5  143  000  000 

Hudson  River,  off  Tarrytown : 

The  ebb  flow  equals  the  ebb  oif  Fort  Washington  Point,  minus,  the 
tidal  jirism  between  Tarrytown  and  Fort  Washington  Point. 

Ebb:  6  230  000  000  —  21.0  sq.  miles  X    (5  280)^  X 

3.85  ft.,  mean  rise  of  tide o  980  000  000 

.Mean  discharge  of  fresh  water  in  12  lunar  hours.  ...    1  087  000  000 

Flood :  Taken  as  the  difference 2  893  000  000 

Newark  Bay: 

The  figures  were  taken  from  those  of  the  Coast  and  Geodetic 
Survey,  August  14th,  1908,  as  they  contained  an  estimati'  of  the  flow 
through  Arthur  Kill. 

The  average  of  flood  and  ebb : 

Through   Kill   van   Kull 1  600  000  000 

Througli   Arthur    Kill 319  000  000 

(1)  Total,  average  for  Newark  Bay 1  919  000  000 

(2)  Mean  fresh  water  discharged  into  Newark  Bay 

during  6  lunar  hours 52  757  000 

Mean  ebb  How,  (1)  +  (2) 1  972  000  000 

:^rean  flood  flow,  (1)  —  (2) 1  866  000  000 
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APPENDIX  C. 

Bernoulli's  Theorem. 

Bernoulli's  theorem,  applied  to  a  strait  connecting  two  large  bodies 
of  water,  becomes,  where  friction  is  taken  into  account, 

Where  Fj  =  the  velocity  at  the  smallest  section; 

F21  etc.  =  the  velocities  at  other  sections; 

Zj  and  C/^  =  the  heights  of  the  water  each  side  of  the  smallest 

section; 

C  =  a  friction  factor; 

P  =  the  wetted  perimeter; 

/2j  =  the  area  of  the  smallest  cross-section; 

/2,,  etc.  =  areas  of  other  cross-sections; 

ij  =  the  length  of  the  channel  for  the  smallest  section; 

jL,,  etc.  =  lengths  of  other  parts  of  the  channel. 

The  conditions  of  continuity  require,  with  the  same  volume  flow- 
ing, the  velocity  to  vary  inversely  as  the  cross-sections, 
F2    _    n^       F3    _     /2j 

"fT  -  Ti^'TT  -  "n^'  ''^• 


'-''.(^)^'^.-''.(^) 


Substituting  in  the  first  equation, 

-^_r/(C.-C,,)-?  7^  -iT^'-^  Ti;^-^-'  V727; 


Solving  for  F^, 
F/ 


2  S'  (?.  -  C.,) 


Note.— The  value  of  i'  is  about  0.007,  according  to  report  of  U.  S.  Coast  and  Geodetic 
Survey,  1907,  Appendix  6,  page  425. 
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Introduction. 

Notwithstanding  that  engineering  structures  ha.ve  but  recently 
come  to  be  designed  with  precision,  and  that  machinerj^  as  we  know 
it  to-day  is  a  development  of  the  past  century,  some  of  the  greatest  engi- 
neering feats  were  performed  almost  before  history  began.  The  Chinese 
wall,  the  Indian  temples,  the  sphinx — the  seven  wonders  of  the  world — 
will  always  compel  our  attention  and  baffle  our  imagination.  In  truth, 
the  ancients  were  builders  of  no  mean  structures,  but,  except  to  some 
extent  in  irrigation,  their  real  engineering  ends  there.  They  were  not 
producers  of  economic  necessities  as  we  are  to-day,  but  confined  them- 
selves to  the  erection  of  monuments,  as  such. 

Later,  during  the  Roman  era,  the  need  of  political  security,  public 
utilities,  and  the  spirit  of  commercialism  came  to  be  of  more  than 
monarehial  whim,  and  resulted  in  the  construction  of  highways, 
aqueducts,  and  sewers,  which,  again,  command  our  admiration  and 
respect,  the  more  deservedly  because  they  were  for  so  long  unsurpassed. 
Furthermore,  it  is  remarkable  that  the  next  achievement,  the  reclama- 
tion work  in  Holland,  is  not  overshadowed  by  an  undertaking  con- 
forming more  closely  to  these  precedents,  the  fundamental  cause  for 
such  a  departure  doubtless  being  economic  necessity. 


Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,   with  discussion   in  full,  will  be  published   in   Transactions. 
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All  this  time  the  engineer  was,  primarily,  a  builder  without  special 
training — with  nothing  but  his  judgment  and  common  sense  as  guides. 
It  remained  for  the  Eenaissance,  with  the  steam  engine,  to  produce 
the  mechanic  and  the  technical  man  busied  with  the  construction  of 
works  of  public  utility,  and  for  the  present  day  to  evolve  what  may  be 
called  the  new  engineer:  the  man  of  commerce,  industry,  business,  who 
makes  engineering  a  means  rather  than  an  end — the  man  of  affairs. 

Henceforth,  managers  and  business  men  will  more  and  more  be 
chosen  from  among  those  engineers  who  can  go  back  of  stresses  to 
the  money  side  of  things;  and  bankers  are  already  relying  on  engi- 
neers to  decide  the  advisability  of  investments,  the  kind  and  magnitude 
of  structures,  the  operating  and  financial  programme.  For  the  engi- 
neer who  can  go  still  farther  back — back  of  the  dollar,  to  the  public 
good — there  opens  up  the  vast  field  of  government  administration 
and  policy  forming — the  field  of  the  engineering  economist — for  gov- 
ernment, particularly  of  municipalities,  is  in  large  measure  of  an 
engineering  business  nature.  This  is  illustrated  by  appraisement  work, 
especially,  as  is  frequently  the  case,  if  it  be  in  behalf  of  a  political 
organization,  where  the  appraiser  must  decide  such  questions  as  fair 
profit,  what  to  do  about  franchise  value,  whether  expenditures  were 
justifiable,  what  class  of  service  is  adequate,  and  whether  to  insist 
on  extending  the  right  of  eminent  domain  to  public  utility  cori^orations. 

Considering  the  opportunities  newly  presenting  themselves  to  the 
engineer,  there  seem  to  be  certain  professional  duties  which  we  must 
discharge  before  we  may  walk  worthy  of  the  calling  wherewith  we 
are  called,  two  of  these  being  the  obligations  of  contributing  to  educa- 
tion (of  both  the  public  and  the  Profession)  and  of  applying  newly 
established  principles. 

There  should  be  no  foundation,  no  possibility,  for  a  remark  that  the 
engineer  should  be  limited  by  the  bounds  of  stresses  and  dimensions, 
and  not  stroll  over  into  financiering  and  managing.  Rather,  it  should 
be  a  matter  of  common  report  that  the  engineer,  seeking  the  truth 
(as  he  must)  stands  not  on  the  shows  of  things  but  on  things  them- 
selves, that  he,  being  closely  related  to  all  industrial  adventures,  must 
of  necessity  be  familiar  with  questions  governing  their  inception  and 
their  modus  operandi.  Over  and  above  more  generally  establishing 
the  engineer's  fitness  to  sit  in  councils — literally  based  on  this  cap- 
ability— is  a  higher  duty,   which  will  become  more  and  more  clearly 
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defined.  This  is  the  duty  of  reeonciliiip:  business  and  the  people,  of 
beinp  a  peacemaker  between  those  who  produce  our  economic  goods  and 
those  who  consume  them  at  what  seems  too  high  a  cost.  Many  of  the 
differences  between  capital  and  labor  arise  solely  from  misunder- 
standings, ill-selected  points  of  view,  and  limited  knowledge:  to  know 
all  is  to  forgive  all.  There  are  a  fortunate  few  who,  in  managing  and 
I'Viilnatiufi'.  have  opportunity  to  establish  amicable  relations  between 
seller  and  buyer.  There  is  a  much  greater  number  who  can  accom- 
plish somewliat  the  same  result  by  participating  in  professional  dis- 
cussiiins.  local  pulilic  meetings,  and  consultations  of  boards  of  direct- 
ors, to  the  extent  of  explaining  the  complexities  of  modern  sociology 
and   conunercialism. 

To  the  end  that  members  of  the  Profession  may  the  more  ably 
carry  on  this  great  work  of  public  education,  they  should  endeavor 
to  educate  one  another  by  systematic  and  thorough  interchange  of 
ideas  on  such  subjects  as  business  and  banking,  human  nature  and 
government,  rather  than  continue  to  leave  each  to  strive  as  best  each 
may,  obtaining  by  individual  effort  a  fragmentary  knowledge  thereof. 
To  illustrate  this  point,  it  may  not  be  out  of  place  to  call  attention 
to  the  confusion  existing  in  regard  to  "Going  Value,"  "Water,"  and 
"Development  Expenses,"  as  brought  out  in  the  discussion  of  the  paper 
by  Henrj'  Earle  Eiggs,  M.  Am.  Soc.  C.  E.,  entitled  "The  Valuation 
of  Public  Service  Property,"*  and  to  the  fact  that  no  one  seems  to 
know  just  what  to  do  with  "discount  on  bonds,"  a  question  discussed 
in  parts  of  that  paper.  Such  a  principle  that  good  enough  is  best,  that 
"one  may  get  too  much  for  one's  money"t  should  be  so  established 
among  engineers  as  to  be  applied  habitually.  Another  example  of  the 
evil  results  of  having  centered  perhaps  too  large  a  i)roportion  of  at- 
tention, as  a  Profession,  on  technical  details,  and  too  small  a  propor- 
tion on  the  working  principles  of  big  things,  is  the  unfortunate  state- 
ment that  "it  would  be,  not  only  bad  engineering,  but  bad  business,! 
as  if  engineering  and  business  were  not,  fundamentally,  one  and  the 
same  thing — bad  engineering  can  be  nothing  else  than  bad  business. 

The  second  large  professional  duty,  that  of  taking  the  initiative 
tif   applying   principles,   is   readily   suggested   by   two   statements:}:   on 

*  Transnctioytx.  Am.  Soc.  C.  E..  Vol.  LXXII,  pp.  255,  276,  and  187. 

t  "The  Water- Works  and  Sewerage  of  Monterrey,  N.  L.,  Mexico,"  Tratisactians,  Am. 
Soc.  C.  E..  Vol.  LXXII.  p.  ."581. 

t  Transactions.  Am.  Soc.  C.  E..  Vol.  LXXII,  pp.  246  and  282. 
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engineering  and  economics  in  the  discussion  on  Mr.  Rig'gs'  paper,  one 
to  the  effect  that  engineering  occupies  a  part  of  the  subject  of 
economics,  and  the  other  that  "the  engineer  is  essentially  an  economist." 
Without  quibbling  over  the  question  whether  economics  is  a  part  of 
engineering  or  engineering  a  part  of  economics,  it  may  be  stated 
axiomatically  that  modern  engineering  is  based,  not  on  personal  am- 
bition, national  pride,  worship  of  stone,  or  military  necessity,  but  on 
economics.  A  real  political  economist  acts  on  this  theory.  Financiers 
and  statesmen  always  have  been  such,  and  engineers  now  are.  More 
than  this,  Courts  at  times  require  them  to  establish  their  theory. 
Our  present  social  and  commercial  structure  places  on  the  engineer 
the  obligation  of  taking  the  lead.  The  engineering  economist,  the 
new  engineer,  must  guide  the  banker  as  well  as  build  and  operate  his 
physical  plants;  he  must  act  as  mediator  and  policy  former  in  ques- 
tions of  state;  he  must  launch  out  into  the  deep.  To  quote  from  the 
Presidential  Address  of  John  A.  Ockerson,*  Past-Presiden.t,  Am. 
Soc.  C.  E. : 

"There  seems  also  to  be  a  disposition  to  avoid  participation  in  the 
discussion  of  public  questions,  even  when  closely  related  to  the  work 
of  the  Profession.  When  Congressional  Committees  call  on  the 
Society  for  advice  with  regard  to  pending  legislation,  involving  ques- 
tions relating-  to  engineering,  it  would  seem  to  be  a  proper  function 
of  the  Society  to  render  such  aid  as  may  be  practicable. 

"In   fa.ct,   it   might  be  well,   under  proper  conditions,   to   go   even 

farther,  and  use  the  influence  the  Society  may  have  to  mould  public 

opinion  along  lines  free  from  local  or  political  bias,  when  our  public 

works  are  the  subject  of  discussion. 

******* 

"As  a  matter  of  fact,  the  Society  is  already  regarded  by  the  public 
so  highly  that  its  members  are  looked  on  with  special  favor  by  the 
Courts  when  expert  testimony  is  required,  by  the  Government  when 
seeking  for  capable  men  for  service  on  public  works,  and  by  munici- 
palities where  men  of  integrity  and  ability  are  looked  for  to  fill  posi- 
tions of  trust  relating  to  the  engineering  side  of  city  government. 

"In  a  speech  at  the  Society  House  recently  a  leading  politician  of 
New  York  announced  that  they  have  come  to  realize  that  the  interests 
of  the  city  are  best  served  by  appointing  engineers  to  fill  the  important 
offices  which  have  charge  of  the  physical  welfare  of  the  city  in  general. 

"This  is  true  of  many  of  our  cities,  and  the  Profession  is  steadily 
growing  in  public  favor;  loyalty  to  the  Society  on  the  part  of  all  its 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXXV,  p.  1034. 
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iiiembors    wliorover    tlioy   may   bo   located    will    prreatly   stimulate   this 
growth." 

Led  liy  Ills  interest  in  this  newly  conceived  field  of  professional 
activity,  the  writer  begs  to  present  some  reflections  on  sociology,  com- 
mercialism, and  the  theory  of  engineering  expenditures. 

Social  STRUCTrnE. 

As  a  foundation  for  the  ideal  conduct  of  life,  there  has  been  formu- 
lated the  proposition  that  the  greatest  good  possible  should  be  striven 
for  (whether  this  eliminates  individual,  genus,  or  species)  ;  that  the 
common  weal  is  the  proper  goal;  and  that,  not  only  one  generation 
or  age  is  to  be  considered,  but  that  all  future  generations  and  ages 
should  have  a  proper  weight  in  the  final  sum  total  of  welfare.  That 
is  to  say,  all  life  has  its  standing  in  court,  be  it  plant  or  animal,  pres- 
ent or  future. 

To  the  end  that  man  should  have  his  fair  share  of  this  world's 
goods,  there  were  organized  the  primitive  protective  leagues  which 
have  developed  into  our  modern  governments,  one  of  the  highest  func- 
tions of  which  is  modern  communistic  protection,  the  exercise  of  po- 
lice power,  defined  as : 

"That  power  which  inheres  in  legislation  to  make  and  enforce  all 
manner  of  reasonable  regulations  and  laws  to  preserve  the  peace,  order, 
and  safety  of  society,  and  to  prescribe  the  mode  and  manner  in  which 
every  one  may  so  use  and  enjoy  that  which  is  his  own  as  not  to  pre- 
clude a  corresponding  use  and  enjoyment  of  their  own  by  others." 

To-day,  man  no  longer  needs  protection  against  his  original  savage 
enemies.  They  are  conquered,  and  he  now  turns  his  attention  to  other 
pursuits,  foremost  and  basic  of  which  is  the  production  and  distribu- 
tion of  more  economic  necessities  and  luxuries,  the  direction  of  "the 
great  sources  of  power  in  Nature  for  the  use  and  convenience  of  man." 
As  mutual  protection  undoubtedly  influenced  the  form  of  early  gov- 
ernment, we  have,  to-day,  inevitably,  a  business  form  of  government. 
Business  is  the  chief  occupation  of  the  average  individual.  We  live  in 
a  commercial  age.  Business  and  government  to-day  are  inseparable, 
but,  as  originally,  human  welfare  (and  not  government  or  business) 
is  the  causa  causans  of  government  and  business. 

This  point  deserves  emphasis.  The  good  of  the  people  is  the  primary 
object  of  government  and  business,  "business"  prosperity  being  a  sec- 
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oudary  and  incidental  end,  or,  more  correctly,  simply  a  means  to  a 
richer  and  fuller  life.  The  long-time  security  of  investments,  ulti- 
mate stability  of  government,  and  eventual  greatest  common  v?eal  of 
man  are  inextricably  interdependent.  Whatever  truly  furthers  the 
one  furthers  all,  and  whatever  threatens  one  does,  in  the  long  run, 
threaten  all. 

As  the  creature  and  creator,  the  servant  and  master,  of  this  triple 
alliance  (that  of  people,  government,  and  business)  stands  the  engi- 
neer. An  abhorrer  of  greed,  a  seeker  of  the  truth,  a  designer,  builder, 
and  operator  of  public  utilities,  he  is  at  once:  the  people's  protector, 
for  the  innocent  investor  can  know  at  first  hand  nothing  as  to  the 
security  of  his  savings;  the  business  leader,  for  a  going  concern  is  an 
engineering  product;  the  advisor  to  governments,  for  business  rightly 
has  a  voice  in  government,  and  many  governments  now  embark  in 
business;  and  the  mediator  in  disputes  arising  between  people,  busi- 
ness, and  government. 

The  actual  state  of  affairs  is  a  long  way  from  that  just  outlined  as 
the  one  to  be  striven  for,  albeit  the  general  trend  is  toward,  rather 
than  away  from,  perfection :  though  not  as  yet,  but  some  day,  the  lion 
will  lie  down  with  the  lamb. 

People  collectively  and  individually  contribute  to  imperfections; 
lacking  knowledge  of  what  constitutes  the  supreme  good,  man  has 
builded  on  the  philosophy  of  the  good  of  man.  Individually,  we  in  all 
cases  (to  a  greater  or  lesser  degree)  place  the  good  of  self  first;  one's 
self  is  paramount  to  one's  fellows;  altruism,  the  spirit  of  service,  comes 
second.  Collectively,  we  at  times  make  unwarranted  expenditures  of 
money;  we  dissipate  the  property  of  posterity  with  a  spirit  of  absolute 
indifference  to  the  future;  we  war  among  ourselves,  one  institution 
against  another. 

Government,  lacking  the  one-time  incentive  to  the  protection  of 
the  governed  from  external  enemies,  has  given  a  part  of  its  energy 
to  protection  from  internal  enemies.  We  now  have  vested  interests 
and  special  privileges.  Our  economic  ills  of  to-day,  such  as  high 
tarift',  monopoly  cajjrice,  concentration  of  wealth — and  so  on  down 
a  painful  and  familiar  list — are  laid  at  the  door  of  government,  ap- 
parently without  realization  that  in  America  the  People  is  the  Govern- 
ment. Individually,  we  need  to  have  nationally,  a  more  awakened 
spirit,   so  that   our  business   form   of  government  will   the  sooner   be 
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purged  of  its  ills  through  tlio  ai)plii'ation  of  a  gov(M-iunontnl  and  com- 
mercial unified  policy  favorable  to  all  interests. 

Business,  blinded  by  the  du.«>t  of  oxtensiveness,  has  at  times  failed 
to  perceive  it?;  i>riniary  fuiulanientiil  object,  and  has  been  guided  by 
its  secondary  fundamental  object:  the  welfare  of  the  people  has  been 
incidental  to  the  apparent  welfare  of  business.  With  the  cessation  of 
territorial  annexation  and  colonization  is  coming'  the  more  clear- 
sighted and  deliberate  period  of  intensiveness,  so  that  already  the 
short-time  balance  of  accounts  gives  way  to  the  long-time  reckoning: 
corpoi'ations  are,  happily,  changing  their  attitude — they  are  beginning 
to  see  farther  than  their  noses,  and  consequently  are  considering  the 
eifect  their  policies  have  on  the  ultimate  stability  of  business  through 
their  eifects  on  virility. 

Engineering  Expenditures. 

As  engineering  enters  so  intimately  into  every  phase  of  human 
life,  and  as  every  engineering  proposition  must  needs  be  financed,  the 
writer  is  much  interested  in  the  general  subject  of  engineering  ex- 
penditures.    He  realizes  that : 

1. — In  the  work-a-day  world,  the  philosophy  of  the  good  of  all  life 
is  entirel.y  too  abstract  and  general — it  is  a  sort  of  sacred  standard. 
There  is  needed  a  more  concrete  and  particular  criterion — a  field  tape, 
as  it  were — in  determining  whether  an  object  be  worthy,  which  test 
must  necessarily  be,  ''Will  it  pay?  How  much  inoney  will  it  make?" 
The  sum  total  of  all  our  investments,  in  order  that  we  may  not  de- 
plete what  capital  has  been  handed  down  to  us,  must  net  at  least  zero; 
and,  if  we  are  to  bequeath  as  much  property  pei'  capita  as  we  received, 
this  sum  total  must  net  a  positive  quantity. 

2. — By  hap])y  combinations  of  cai)ital  and  labor  we  are  enabled  to 
add  to  the  world's  wealth,  its  increase  being  measured  by  the  profit- 
ableness of  the  venture  which  depends  on  the  acumen  displayed  in 
selecting  a  field,  erecting  a  plant,  and  managing  the  business  as  a 
whole.  Each  of  these  three  phases  (selection,  construction,  operation) 
is  becoming,  through  our  division  of  labor,  with  its  consequent  con- 
centration and  specialization  of  effort,  multiplication  of  possibilities, 
and  increase  in  size  of  units,  more  and  more  difficult  of  proper 
solution. 
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3. — The  successful  engineer  is  the  one  who  grasps  the  principle  that 
engineering  is  business — that  good  engineering  is  good  business — and 
solves  the  questions,  "How  much  ?"  and  "Will  it  pay  ?"  with  capable  en- 
gineering business  judgment.  In  any  engineering  business  possibility, 
the  engineer,  before  passing  on  the  security  of  an  investment,  must  know 
the  balance  between  gross  annual  expenditures  and  gross  annual  re- 
ceipts ;  the  difference  giving  the  net  annual  income,  positive  or  negative 
as  the  case  may  be,  but  always  positive  except  when  people  are  in  busi- 
ness for  their  health  or  amusement.  This  rigid  requirement,  that  an 
undertaking  must  be  commercially  feasible,  strangles  the  industrial 
application  of  many  scientific  possibilities. 

Notwithstanding  that  an  analysis  of  profit,  to  be  complete,  must 
comprise  an  enumeration  of  the  factors  of  gross  income  on  the  one 
hand  and  of  gross  expenditures  on  the  other;  and,  further,  notwith- 
standing that  receipts  and  expenses  are  generally  interdependent,  this 
paper  deals  but  little  with  the  former.  It  is  hoped  that  some  one  will 
present  a  paper  on  the  elements  entering  into  gross  income. 

In  brief,  total  income  is  the  product  of  unit  prices  and  the  number 
of  units  sold,  both  fluctuating  according  to  the  law  of  supply  and  de- 
mand, or  the  law  of  monopoly  distribution- — in  any  event  according  to 
the  law  of  variation  of  returns. 

The  factors  of  total  annual  cost — to  deal  with  this  side  at  some- 
what greater  length — are  interest  on  first  cost  (unmistakably  including 
development  cost)  ;  depreciation  or  sinking  fund ;  the  creation  of  a 
reserve  for  extensions,  betterments,  and  unforeseen  contingencies; 
outlays  for  raw  material  and  supplies;  maintenance  and  repairs;  wages, 
salaries,  and  royalties;  rent,  taxes,  and  insurance.  These  factors, 
intricate  within  themselves,  are,  in  addition,  involved  in  a  complex 
interdependency.     To  illustrate: 

In  designing  an  important  bridge,  considerable  attention  may  be 
given  to  the  question  of  economic  dimensions,  first  cost  alone  being 
considered.  It  is  then  to  be  remembered  that  first  cost  and  maintenance 
are  bound  together,  indifferent  material  and  workmanship  necessitating 
heavy  up-keep  charges.  Moreover,  precisely  how  fast  depreciation 
should  be  allowed  to  take  place  and  exactly  to  what  extent  it  should 
be  ch6cked  by  repairs,  is  only  one  of  the  multifariovis  issues  the  en- 
gineer must  determine.  To  wander  back,  for  a  moment,  to  receipts, 
the  rate  of  exploitation  of  an  exhaustible  resource  is  of  fundamental 
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iiiiportaiice  in  its  bearing  on  first  cost:  Should  a  plant  be  installed 
capable  of  using  all  available  raw  material  in  ten  years,  or  a  thousand? 
As  a  final  cxainple,  illustrative  of  the  influence  any  factor  of  the  cost 
of  production  has  on  every  other  factor,  and  of  the  weight  each  has 
in  the  balance  between  income  and  outgo,  we  may  consider  the  rate 
of  exploitation  of  a  perpetual  resource;  more  specifically,  we  may  ponder 
on  the  height  of  dam  in  any  water-supply  problem  as  it  enters  into 
questions  of  cost  and  useful  and  wasted  draft. 

These  considerations  bring  us  to  the  general  question  of  the  best  size 
of  engineering  expt'uditures  (''What  is  the  best  height  of  dam  within 
the  limits  of  height  giving  rise  to  a  proper  return  on  cost,"  and  "What 
is  the  best  rate  of  exploitation  of  a  limited  quantity  of  ore,"  being  two 
examples),  on  which  question  the  following  theory  is  formulated: 

Of  all  possible  arrangements  of  all  expenditures,  that  one  is  best 
which  secures  the  maximum  present  worth  of  ixltimate  total  incomes. 
This  statement  applies  to  an  imaginative  case  dealing  with  the  sum 
total  of  all  expenditures  and  receipts.  That  is  to  say,  it  does  not  mean 
that  if  $10  000  000  spent  on  a  railroad  will  net  a  final  profit  worth 
now  $15  000  000,  whereas  $20  000  000  spent  will  yield  a  sum  worth 
now  $26  000  000,  tli^n  the  latter  amount  is  the  better  to  invest,  unless 
the  second  $10  000  000  would  be  idle  or  be  put  in  an  enterprise  which 
would  ultimately  return  a  sum  the  present  worth  of  which  is  less  than 
$11  000  000.  To  generalize  this  limitation :  all  possible  opportunities 
for  investment  should  be  considered  in  the  light  of  all  the  revenues 
they  would  yield,  and  those  investments  should  be  made  which  would  se- 
cure the  maximum  total  of  the  present  worths  of  all  incomes,  more  or 
less  capital  being  put  here  or  there  to  procure  this  result.  The  example 
of  the  dam  may  further  clarify  matters:  From  the  point  of  view  of 
the  dam  investment  alone,  we  want  the  highest  rate  of  interest;  but 
it  may  be  possible,  on  the  one  hand,  to  put  elsewhere  part  of  the  money 
available  for  this  purpose  at  a  yet  higher  rate,  in  which  event  we  would 
choose  some  other  than  the  highest  rate  obtainable  from  the  dam; 
on  the  other  hand,  a  dam  larger  than  that  securing  the  highest  rate 
on  the  dam  cost  might  yield  more  returns  on  the  surplus  investment 
than  that  same  money  could  earn  elsewhere,  whereupon  we  would 
choose,  again,  some  other  than  the  highest  rate  obtainable  from  the 
dam.  In  other  words,  we  would  put  our  money  where  it  would  do  the 
most  good. 
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Time  is  another  element  included  in  the  general  statement,  as  may 
be  seen  from  the  following  example:  If  to  exhaust  a  body  of  ore  this 
year  would  net  $0.O872x  while  to  save  that  ore  for  use  during  the 
fiftieth  year  from  now  would  net  more  than  $x  (interest  being  taken 
at  5%),  it  would  be  good  business  thus  to  delay,  $0.0872  being  the 
present  worth  of  $1  fifty  years  hence.  Or,  again,  policy  would  dictate 
delaying  50  years  if  then  more  than  $11.46747/  and  now  only  $y  would 
be  produced  (interest  being  at  5%,  $11,4674  is  the  value  of  $1,  at 
annual  compound  interest,  fifty  years  hence).  Taking  this  same  body 
of  ore,  we  could  mine  it  all  in,  say,  one  or  ten  years.  If  (disregarding 
other  places  to  put  money),  beginning  now,  we  mined  it  in  one  year 
at  a  net  profit  of  $z,  and  by  mining  it  during  10  years  at  a  uniform 
profit  we  obtained  an  annual  net  profit  greater  than  (1.62889  X 
0.0795)  $z,  or  approximately  0.1293z,  it  would  be  the  part  of  wisdom  to 
exploit  at  the  slower  rate.  (Here  interest  has  been  taken  at  5%  per 
annum,  $1.62889  is  the  amount  of  $1,  at  annual  compound  interest, 
ten  years  from  now,  and  $0.0795  is  the  annual  annuity  required  to 
accumulate  $1  in  ten  years.)  In  other  words,  we  would  spend  our 
money  when,  and  at  the  rate  at  which,  it  would  do  the  most  good. 

To  repeat:  The  ideal  engineering  expenditures  would  secure  the 
maximum  present  worths  of  net  income. 

To  obtain  this  ideal  distribution  of  financial  resources  among  all 
departments  of  industry  would  necessitate  two  steps.  Of  these  the 
first  would  be  a  set  of  differential  investigations  (for  each  and  every 
commercial  enterprise),  enquiring  into  the  relation  between  expenses 
and  revenue,  several  trial  solutions  being  necessary  to  determine  the 
results  of  a  variation  in  the  size  of  physical  plant  and  of  a  post- 
ponement in  initial  development  or  subsequent  improvement.  These 
differential  investigations  having  been  made  from  time  to  time,  and 
as  new  possibilities  presented  themselves,  the  results  would  be  sent 
to  a  central  clearing  house  where  the  second  step,  that  of  integration, 
would  be  taken.  There  the  higher  engineering  would  be  performed — 
the  financial  decisions  made — in  the  light  of  public  policy,  industrial 
and  human  welfare,  and  the  results  disclosed  by  the  differential  in- 
vestigations. From  a  purely  commercial  point  of  view,  effort  would  be 
put  forth  to  secure  such  an  extensity  and  intensity  of  industrial  ac- 
tivities, by  introducing  changes  here,  allowing  more  money  for  con- 
struction or  operation  there,  hastening  exploitation  in  one  place,  and 
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conservinjr  resources  in  another,  as  to  secure  constantly,  under  chanp- 
injx  conditions,  the  niaxinnun  present  worth  of  net  incomes  ultimately 
<lerivnlile  from  nil  business.  The  men  who  woiihl  thus  fix  the  world 
budget  should  necessarily  be  broad  and  sympathetic,  of  absolute  in- 
tegrity, well  schooled  and  experienced  and  possessed  of  such  a  knowl- 
edge of  the  inwardness  of  things  as  to  realize  that  he  who  would  rule 
must  be  servant  of  all,  and  to  base  their  apportionments  on  the  propo- 
sition that,  in  the  end,  the  labor  and  capital  interests,  the  human  and 
industrial  interests,  the  interests  of  people,  government,  and  business, 
pre  one. 

In  the  commercial  world  we  could  stub  along  without  a  realizing 
>ense  of  this  underlying  theoi-y  of  engineering  and  business,  of  engi- 
neering expenditures.  Indeed,  we  seem  in  cases  to  be  absolutely  un- 
cognizant  of  the  relation  between  business  and  people,  or  of  the  princi- 
ple of  compound  interest.  Some  concerns  mvizzle  the  ox  that  treads 
(«nt  till'  ('(ini,  others  fail  to  conserve  resources,  and  others,  contrariwise, 
are  admittedly  charitable.  For  the  most  part,  however,  our  organiza- 
tions fit  into  the  system  in  a  fairly  satisfactory  way,  from  the  point 
of  view  both  of  the  humanist  and  the  commercialist.  The  secondary 
fundamental  of  business,  that  a  concern  must  make  money,  is  auto- 
matic in  its  application.  If  a  business  does  not  pay,  it  fails — the 
residt  is  simple  and  unavoidable.  We  must  get  more  money  out  of 
business,  as  a  whole,  than  we  put  in  (financial  efficiency,  so  to  speak, 
must  be  apparently  greater  than  1),  and  the  only  way  to  do  this  is  to 
turn  labor  into  capital  by  means  of  existing  capital.  Our  machinery 
will  never  be  completely  self-acting.  We,  also,  must  work.  In  striking 
a  balance  between  gross  annual  cost  and  gross  annual  income,  there 
is,  in  all  organizations,  considered  as  a  whole,  a  positive  profit,  except 
in  early  or  bad  years. 

In  the  case  of  large  and  old  companies,  this  profit  is  at  times  less 
than  it  should  be  by  reason  of  unknown  development  costs.  Nor  is 
development  cost  the  only  factor  of  total  cost  sometimes  neglected, 
depreciation  being  overlooked  only  less  frequently  than  it;  but,  all  in 
all,  any  going  concern  pays.  If  too  many  items  are  neglected,  one 
way  or  another,  it  ceases  to  be  a  going  concern. 

Only  by  chance  can  the  best  arrangement  of  all  factors  of  total 
cost  be  had :  Proper  maintenance  is  dependent  on  first  cost,  length 
of  life,  cost  of  repairs,  and  cost  of  reproduction;  operating  expenses 
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are  subject  to  change  without  notice,  because  of  improvements  in  the 
arts  or  fluctuations  in  supply  prices  or  wages;  accident  frequently 
plays  its  part  in  the  cost  of  the  finished  product.  These  and  many 
other  influences  render  the  minimizing  of  costs  a  comparative  matter 
requiring  the  best  of  engineering  business  judgment. 

In  the  daily  conflict  of  the  commercial  world,  there  is  a  strong 
temptation  to  overlook  the  theory  of  maximum  present  worths  of  net 
income  (which,  it  may  be  noted,  is  at  the  bottom  of  conservation),  to 
forget  those  generations  yet  to  come,  and  to  strike  out,  every  fellow 
for  himself  and  "the  devil  take  the  hindmost,"  in  pursuit  of  maximum 
present  returns. 

This  is  due  in  some  instances  partly  to  selfishness,  but,  regardless 
of  motive,  there  are  always  certain  circumstances  limiting  the  perfect 
adjustment  of  engineering  expenditures.  One,  of  these  is  our  lack 
of  information  of  the  future :  we  know  not  what  a  day  may  bring  forth. 
Another  is  the  fact  that  some  people  prefer  to  have  their  property 
within  sight  than  to  place  it  elsewhere  more  profitably.  Again,  many 
do  not  wish  "to  carry  their  eggs  ail  in  one  basket,"  even  though  a  single 
one  promises  less  trouble  and  more  gain.  The  fact  that  capital  must 
occasionally  completely  develop  or  leave  entirely  untouched  property 
considered  as  a  legal  entity,  whether  or  not  the  maximum  possible  de- 
velopment is  the  most  economical,  whether  or  not  a  part  of  the  requii'ed 
capital  could  be  more  profitably  placed  elsewhere,  is  still  another  cir- 
cumstance limiting  perfect  adjustment  of  expenditures,  as  is  also  the 
requirement  that  certain  funds  be  handled  as  a  financial  entity  (be  kept 
intact)  even  though  a  distribution  of  means  between  two  or  more 
projects  would  bring  better  results.  Lack  of  funds  is  most  common 
of  all.  The  foregoing  classes  of  limitations  may  be  considered  as 
special  cases,  and  are  unimportant  in  comparison  with  the  general 
prevailing  incomplete  knowledge  of  present  and  future  conditions  and 
possibilities.  The  man  with  only  a  small  amount  to  invest  cannot 
make  large  outlays  in  search  of  the  best  opportunity,  but  must  "hit 
a  head  when  he  sees  it."  Even  those  who  handle  large  sums  can,  as 
a  rule,  be  informed  only  in  certain  specialized  fields  of  business,  and 
cannot  completely  cover  even  those;  and  at  best  the  heaviest  bankers 
can  know  of  only  a  few  of  all  the  places  where  they  can  make  secure 
investments. 

This  absolute  impossibility  of  sending  all  information  to  a  central 
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clearing  house,  taken  with  the  accompanying  re<l  tape,  which  would 
tie  up  \argG  amounts  in  investigations,  and  in  which  human  frailtj' 
would  certainly  become  entangled,  has  given  rise  to  local  and  national 
concerns;  to  a  practical  working  engineering  business  organization 
composed  of  small  and  large  units,  apparently  separate  and  distinct, 
but,  in  effect,  part  of  a  xinified  whole. 

Small  nilt'-(if-thuinl)  undertakings  may  require  no  engineer  what- 
ever, hut  the  small  hanks  and,  as  a  rule,  individuals  controlling  more 
than  very  moderate  sums,  retain  engineers  for  advice  or  to  design  as 
[:er  instructions  tl;(>  physical  plants  necessary  in  the  every-day  local 
affairs — such  affairs  as  are  assumed  to  he  of  a  paying  nature  and  re- 
(|uire  only  limited  capital. 

As  we  get  into  fields  of  more  and  more  importance,  the  engineer 
occupies  an  increasingly  conspicuous  position,  an  example  of  the  tran- 
sition from  local  to  national  engineering  being  given  by  the  case 
where  an  energetic  citizen  makes  a  water-power  filing,  then  has  a  pre- 
liminary investigation  of  possibilities  made,  the  result  of  which  may 
justify  careful  and  detailed  study  by  more  experienced  men,  which 
study  may  in  turn  lead  large  financial  interests  to  design,  construct, 
and  operate  a  hydro-electric  plant.  So  we  lead  up:  an  idea,  a  local 
engineering  study,  a  bond  issue  development.  The  local  engineer 
handles  the  small  work;  big  jobs  must  be  done  by  those  who  can 
furnish  the  money. 

There  is  thus  seen  the  absolute  necessity  for  a  money  trust — for 
a  ring  of  men  commanding  tremendous  amounts  of  capital  (it  may 
be  the  accumulated  individual  savings  of  a  nation)  furnished  with 
accurate  information  as  to  the  probable  balances  between  expenses 
and  incomes  of  large  ventures,  endowed  with  good  judgment,  and 
broad  in  philosophy,  which  ring  can  direct  where  money  shall  be  spent, 
how  much  shall  be  spent,  and  who  shall  spend  it.  A  money  trust,  a 
central  authority,  is  an  absolute  necessity.  r- 

Certain  abuses  with  which  "money"  is  now  charged  are  not  neces,-i 
sary :  The  producer  should  not  be  underpaid  while  the  consumer  is 
overcliarged — he  is  the  same  man,  and  on  him  rests  "prosperity." 
Arbitrary  decisions  should  not  be  made  contrary  to  the  revelations  of 
scientific  discoveries,  with  the  object  of  momentarily  swelling  the 
private  purse.  No  just  cause  can  be  found  for  dealing  as  we  do  now 
in  shorts  and  longs — for  selling  what  we  have  not  got  and  buying  w-hat 
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we  never  expect  to  own.  Nor  can  we  excuse  violent  and  sudden  fluctua- 
tions in  the  value  of  stocks  and  bonds,  with  the  accompanying  panic 
or  strong-  market,  as  the  manipulator  may  desire,  while  the  wheels  of 
industry  turn,  unheeding,  precisely  the  same.  Furthermore,  gain  re- 
sulting from  high  prices  and  low  wages  should  not  be  capitalized. 
"Water"  is  bad  business.  The  management  of  investment  securities 
with  resulting  transfers  of  certificates  of  ownership,  which  may  be 
called  financial  engineering,  is  a  necessary  incidental  of  modern  eco- 
nomic conditions  and  an  entirely  diil'erent  thing  from  bull  and  bear 
skirmishes.  Such  things  are  in  fact  entirely  foreign  to  industry,  to 
good  business,  to  sound  enterprises.     Such  things  ought  not  to  be. 

Conclusion. 

Having  passed  through  the  eras  of  constructing  temples,  of  erect- 
ing i^ersonal  monuments,  of  cutting  ourselves  off  from  intercourse 
with  other  peoples,  we  stand  to-day  in  the  age  of  international  com- 
mercialism, but  not  of  commercialism!  at  its  height.  Although  the 
pendulum  seems  to  be  swinging  back,  although  some  sense  again  the 
raising  of  roses  instead  of  dollars,  we  have  only  begun  to  see  the  vast 
field  of  engineering  business.  Commercialism,  big  business,  is  here 
to  stay. 

The  application  of  the  theory  of  engineering  expenditures  is  possi- 
ble only  when  bankers  have  a  broad  vision  and  a  wide  range  of  choice; 
they  can  invest  money  most  profitably  only  when  they  know  all  possi- 
bilities. Economy  of  production  and  satisfaction  of  service  are  best 
obtained  by  large  units,  by  monopolies.  Competition,  with  its  duplica- 
tion of  exi:)enses,  is  uneconomical,  and  contrary  to  the  principle  of 
division  of  labor.  We  want  one  butcher,  one  baker,  one  candlestick 
maker.  The  best  kind  of  a  business  is  a  well-managed  big  business. 
The  day  of  little  things  has  passed. 

As  each  individual  now  has  a  voice  in  local  and  National  govern- 
ment, so  too  each  will  come  in  time  to  have  an  actual  direct  share  in 
small  and  in  big  business.  Each  will  have  some  daily  occupation 
(something  to  keep  him  busy  with  his  immediate  physical  surround- 
ings), together  with  securities  (bonds,  or  shares  of  stock)  issued  by 
a  large  business  concern.  We  will  come  in  time  to  a  common  owner- 
ship of  big  business,  over  and  above  general  possession  of  only  per- 
sonal effects^  either  by  government  ownership  or  by  widespread  indi- 
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vidiKil  ownership  of  small  amounts  of  stocks  and  bonds.  In  either 
uveiit.  because  of  the  interdependency  of  business,  government,  and 
|K(iplc.  we  will  come — are  coming — by  means  of  enlightened  self- 
interest,  to  a  closer  alliance  between  them.  Enlightened  self-interest 
is  not  anti-commercialism,  it  is  pro-commercialism.  The  making  of 
money  is  not  incompatible  with  the  making  of  men.  Both  processes 
will  continue.  Corporation  publicity  and  the  spirit  of  individual  serv- 
ice are  only  the  first  feeble  gasps  of  a  new-born  co-operation  of  busi- 
ness, govenniR'Ut,  and  people. 
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Tin:   SEWKlvLEY  (WNTILEVER   BRIDGE 

OVER  THE  OHIO  RIVER. 

Discussion.* 


By  a.  W.  Buel,  M.  Am.  Soc.  C.  E.f 


A.  W.  BiKL,  M.  Am.  Soc.  C.  E.  (by  letter). — The  truss  members  Mr. 
.if  the  aiirhiir  and  cantilever  arms  and  the  suspended  span  of  this  ^^*' 
liridfic  are  pin-conneeted  throughout,  except  where  compression  diag- 
uuals  connect  on  forks  forming  common  pin-plates  at  L^,  i/,Q.  L,.,,  Z^g, 
and  -V.,.,.  and  the  connections  of  sub-verticals  to  the  lower  chords.  The 
lower  chords,  from  L^  to  L^.^,  and  the  toj)  chords  of  the  suspended  span, 
are  faced  for  square  bearing  under  full  loa*]  and  spliced  in  the  usual 
manner.  Excepting  the  tower  posts,  L^^  —  U^^,  which  have  34-in. 
web  i)latcs,  the  maximum  depth  of  these  members  is  only  28  in.  With 
these  conditions,  and  reasonable  care  in  detailing,  no  very  large  sec- 
ondary stresses  were  found,  and  were  not  to  be  expected. 

The  14-in.  i)in  at  L^^  relieves  the  secondary  stresses  at  that  point 
in  a  manner  fully  as  efficient  as  the  segmental  rocker  bearing  of  the 
Heaver  Bridge. 

It  is  important  to  note  that  the  weight  and  loads  of  the  Beaver 
Uridge  are  about  three  times  as  great  as  in  the  case  of  the  Sewickley 
Bridge;  also,  that  the  depths  of  main  members  of  the  Beaver  Bridge 
arc  ai)proximately  twice  as  large  as  those  of  corresponding  members 
I'f  the  Sewickley  Bridge,  and  that  similar  deformations  produce 
secondary  stresses  about  in  proportion  to  the  depths.  The  same  com- 
liarison  holds  substantially  for  the  old  Quebec  Bridge. 

In  investigating  the  secondary  stresses  in  the  Sewickley  Bridge, 
some  important  compensations  developed,  which  made  it  unnecessary 
to  increase  the  sections,  except  in  a  few  instances.     For  example,  take 

•  Continued  from  February,  1913,  Proceedings. 
+  Author's  closure. 
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Mr.    the  secondary  stress  in  the  extreme  fibers  of  lower  chords,  L^,  i^^,  L^^, 


Buel 


due  to  deflection  of  the  trusses.  With  maximum  live  load  on  the  bridge, 
the  additional  compression  in  the  chords  of  the  lee  truss  due  to  wind 
brings  the  stringers  into  action,  relieving  the  chord.  Another  point 
that  should  be  considered  is  the  difference  between  the  character  of 
loading  for  railway  and  highway  bridges,  particularly  as  to  the  proba- 
bilities of  maximum  live  load  occurring  simultaneously  with  maximum 
wind  load. 

The  secondary  .stresses  for  all  the  points  just  mentioned,  and  for 
others,  were  investigated,  and,  considering  the  liberal  provisions  made 
for  wind  stresses,  the  comparatively  small  secondary  stresses  were  suf- 
ficiently provided  for,  in  the  opinion  of  all  the  engineers  connected 
with  the  work. 

Regarding  the  eccentric  flanged  bu.shing  in  the  pin-holes  of  the 
shoes  at  L^^,  on  the  anchor  piers,  introduced  to  provide  for  adjust- 
ment, a  very  little  study  of  the  description  and  illustrations  should 
be  sufficient  to  show  that  no  eccentricity  at  all  is  caused  by  this  in  the 
anchor  bars.  It  is  true  that  a  maximum  of  J  in.  eccentricity  may 
exist  in  the  bearing  of  the  shoas  on  the  masonry,  but,  as  the  base  plates 
are  69  by  54  in.,  and  as  the  maximum  possible  reaction  produces  less 
than  half  the  permissible  load  per  square  inch  on  the  masonry,  the 
efl^ect  of  this  eccentricity  is  negligible. 

It  is  not  strictly  true  that  the  stress  in  the  anchor  bars  is  constant 
after  adjustment  is  made.  It  will  be  relieved  by  the  deformations  of  the 
masonry  and  of  the  shoe  with  its  pin-holes  and  pin.  Although  this 
can  hardly  be  computed  with  precision,  an  approximate  estimate  in- 
dicates that"  the  variation  would  be  about  20%  from  the  maximum. 

Answering  Mr.  Hudson's  question  as  to  the  cost  of  making  the 
anchor  arms  self-supporting: 

The  cost  of  this  provision  may  be  taken,  approximately,  as  that 
of  the  following  items : 

Erection  ties: 

U.,  —  J/3.  Two  8  by  ^-in.  eye-bars. 
TJ^  —  M^.  One  8^  by  ^-in.  plate. 

Four  ;3  by  x«"'ii-  angles,  : 

plus  details,  about  25  per  cent. 

Reinforcing,  for  erection  stress: 

M.^  — -  L^.  Two  webs  changed  from  15  by  y\  to  15  by  ^  in. 

Four  angles  changed  from  :?  by  M  ))y  -^^  to  .3  by  .'}  by  i|  in. 
Pin-plates  and  areas  back  of  and   through  pin-holes 
HMii  forced. 
M.  —  L ..   Pin-jjlates  and  areas  iironnd   pin-liolcs   reinforced. 
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'I'lio  temporary  ties,   0.,  —  il/g  and   U^  —  M.,  were  only  provided    Mr. 
for  one  anehor  arm,  as  they  were  removed  from  the  north  side  before 
the  south  side  was  erected. 

It  will  be  seen  that,  in  tliis  ra.-^e,  tlie  eost  of  making  the  anchor 
arms  self-supporting  was  not  great.  Besides  the  sense  of  security 
that  it  gave  to  all  concerned — by  no  means  of  negligible  value — it  left 
the  Erection  Dei)artment  more  latitude  in  arranging  the  sequence  of 
operations,  thus  making  for  economy  in  the  field. 

Although  it  did  not  become  necessary  to  swing  the  anchor  arms 
on  account  of  high  water  and  ice,  there  were  two  or  three  occasions 
when  the  hazard  would  have  been  very  great  had  it  not  been  for  this 
provision.  Moreover,  as  a  matter  of  convenience,  they  were  swung 
and  the  falsework  removed  before  the  stresses  were  reversed. 

Mr.  J.  G.  ChalfaJit,  County  Engineer  of  Allegheny  County,  has 
furnished  the  following  data  on  the  floor  construction,  and  his  ex- 
perience with  a  similar  floor  which  has  been  in  service  several  years: 

"Tlie  buckle-plates  are  |  in.  thick,  from  18  to  :]4  ft.  long,  with 
several  buckles  in  each,  and  are  supported  and  riveted  at  the  sides 
and  ends,  with  the  buckles  turned  down.  The  width  of  flat  plate, 
between  buckles,  varies  from  3  to  8  in.,  with  a  width  of  11  4n.  in  four 
plates.  In  95%  of  the  cases  this  width  is  not  more  than  6  in.  The 
minimum  thickness  of  the  concrete  is  3  in. 

"The  efficiency  of  this  detail  cannot  be  determined  by  calciilation, 
and  conclusions  must  be  based  on  experience. 

"Bridge  No.  1,  Allegheny  River,  at  Oakmont,  has  substantially 
the  same  detail,  and,  after  three  years  of  service,  shows  no  sign  of 
failure." 

The  problem  of  making  the  connections  in  the  field  was  given  very 
careful  study,  the  conclusions  of  which  were  entirely  justified  by  the 
actual  results. 

Before  adopting  the  lengths  of  truss  members  computed  for  camber, 
as  described  in  the  paper,  a  Williot  diagram  for  cambered  position 
was  constructed,  the  vertical  displacements  being  checked  by  com- 
puted deflections.  From  this  a  careful  analysis  was  made  of  the 
erection  conditions  for  each  panel  and  joint,  with  particular  reference 
to  sub-panel  members  and  to  riveted  field  splices,  such  as  those  of  the 
lower  chord  and  main  compression  diagonals.  The  elevations  of  each 
bent  of  falsework  and  of  the  camber  blocking  were  computed  accurately, 
with  allowances  for  settlement,  etc.,  based  on  experience,  as  were  also 
the  positions  of  all  lower-chord  pins  in  ndation  to  the  traveler  sills 
and  rails.  These  elevations,  with  the  clearances  allowed  for,  were  shown 
on  erection  plans.  After  this  work  was  completed  and  checked,  the 
engineers  of  the  Fort  Pitt  Bridge  Works  were  satisfied  that  no  unusual 
difficulty  would  be  experienced  in  the  field. 
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Mr.  The  fdllowing  (iiiotations  from  the  erection  reports  aive  the  recorded 

Buel.  , , 

results : 

"As  a  rule,  and  speaking  generally,  in  all  riveted  connections  about 
90%  of  the  holes  were  tilled  with  temporary  bolts  and  drift -pins.  Drift- 
pins  were  used  in  the  field  connections  of  members  taking  tension 
during  erection,  as  bolts  would  not  take  up  the  clearance  allowed  in 
the  holes,  but  all  riveted  members  were  connected  practically  without 
the  use  of  drift-pins. 

"All  pins  were  driven  home  quickly  and  without  the  slightest  dis- 
tortion or  displacement  of  metal  about  the  holes.  Special  rams,  weigh- 
ing about  2  000  lb.,  were  sent  to  the  site,  bvit  were  never  used,  as 
it  was  found  that  all  pi]is  could  be  driven  easily  with  a  15-ft.  section 
of  85-lb.  rail." 

Although  it  is  recognized  that  the  problem  of  providing  for  the 
field  connections  in  bridges  of  such  proportions  as  the  Beaver,  Black- 
wells  Island,  or  Quebec  is  quite  a  different  matter  from  that  met 
in  the  Sewickley  Bridge,  it  may  be  worth  while  to  consider  the  causes 
of  the  rather  unusual  facility  with  which  the  latter  went  together  in 
the  field,  even  when  compared  with  structures  in  its  own  class.  There 
is  no  doubt  that  the  shop  methods,  as  mentioned  in  the  discussion  by 
Mr.  Straub,  had  considerable  to  do  with  it,  and  the  form  and  type 
of  trusses  and  details  contribvited  to  the  resvdts;  but  the  methods 
used  for  introducing  the  camber  and  for  checking  its  effect  on  field 
connections,  together  with  the  care  taken  to  set  the  falsework  and 
camber  blocking  to  correct  elevations,  seem  to  be  the  most  important 
items  in  accounting  for  the  exceptionally  satisfactory  results  attained. 
The  accuracy  of  all  these  computations,  as  well  as  of  the  shop  work, 
is  attested  by  the  remarkably  close  agreements  between  the  computed 
and  actual  deflections,  as  shown  on  Plate  LXXXVIL* 

*  Proctedinqs,  Am.  Soc.  O.  E.,  for  September,  1912. 
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J.  B.  LiPPixcoTT,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  Mr. 
i2:ratified  at  the  generous  number  of  contributions  that  have  been  pre- 
sented in  the  discussion  of  this  paper,  especially  as  arguments  have 
bwn  given  vigorously  on  both  sides  of  the  question.  Before  entering 
into  a  review  of  the  discussion,  it  is  desirable  to  add  certain  data  which 
have  become  available  since  the  paper  was  written,  -    -         <- 

On  page  1199:|:  there  is  given  a  test  (up  to  an  age  of  G  months) 
of  a  iiKirtar  made  of  75%  of  hydrated  lime  and  25%  of  tufa.  The 
]-ycar  break  shows  a  strength  of  252  lb.,  an  increase  of  27  lb.  over  the 
6-inonths  break.  This  briquette  shows  a  continued  hardening  in  water, 
and  demonstrates  the  hydraulic  properties  of  the  tufa  in  combination 
with  lime. 

Table  4  gives  the  strengths  of  Haiwee  and  Fairmont  tufa  cements 
up  to  an  age  of  1  year.  Unfortunately,  briquettes  for  longer  time  tests 
were  not  kept  during  the  early  stages  of, the  work  on  the  Los  Angeles 
A(iueduct.  A  .series  is  now  being  held  for  this  purpose,  but  the  2-year 
period  has  not  yet  been  completed.  For  briciuettos  made  of  tufa  cement 
consisting  of  50%  of  tufa  and  50%  of  Monolith  cement,  mixed  with 
3  parts  of  sand,  four  breaks,  made  at  the  Haiwee  mill,  indicate  a 
growth  in  strength  from  500  lb.  at  the  end  of  1  year  to  595  lb.  at  the 
end  of  1  year  and  289  days.  Jireaks  of  the  oldest  briquettes  have  just 
been  made  at  the  Fairmont  plant,  with  the  following  results,  each 
figure   rei)resenting   an   average   of   ten   tests.      The   cement   used   was 

♦Continued  from  March,  1913,  Proceedings. 
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Mr.        50%   of  Monolith  and  50%  of  Fairmont  tufa  mixed  with  3  parts  of 
Lippincott,  standard  sand : 


8  days. 
153  lb. 


7  days.        28  days. 

240  11).     3SS  \h. 


3  months. 

467  lb. 


6  months. 

41)2  lb. 


1  year. 
555  lb. 


1  year.  319  days. 

"  505  lb. 


More  breaks  were  not  made  because  it  is  desirable  to  preserve  the  series 
for  testing  at  regular  periods.  They  indicate  the  continued  hardening 
of  the  tufa  mortar  with  age,  which  is  characteristic. 

Table  5  shows  tufa  sand  briquette  tests  with  varying  proportions 
of  tufa  for  ages  up  to  6  months.  Table  17  gives  results  in  continuation 
of  that  table. 

TABLE  17. — Tufa  Sand  Briquette  Tests,  with  Varying  Proportions 
OF  Tufa:  A  Continuation  of  Table  5. 


Briquette 
number. 

Percent- 
age of 
tufa. 

Tensile  Strength. 

3  days. 

7  days. 

28  days. 

3  months. 

6  months. 

1  year. 

21 
28 
23 
24 
25 
26 

55 
60 
70 
75 
80 
80 

(       85 
■(       90 

j       30 
/       35 

I       35 
1       35 

i       15 
1       25 

J        15 
1       20 

(       15 
]       20 

200 
210 

100 
100 

90 
100 

75 

80 

75 

80 

70 
70 

835 
345 

300 
310 

350 
260 

210 
200 

150 
160 

90 
90 

370 
370 

460 
435 

350 
355 

300 
285 

255 
235 

140 
110 

330 
395 

390 
.385 

830 
365 

325 
375 

300 
305 

230 
260 

410 
400 

520 
460 

460 
430 

370 
270 

415 
395 

310 
265 

The  cement  used  (in  the  tests  in  Tables  5  and  17)  was  Monolith,  and 
the  tufa  was  from  the  Monolith  quarries.  A  good  increase  in  strength 
is  shown  between  the  6-months  and  the  1-year  breaks.  Especial  atten- 
tion is  called  to  the  strengths  shown  in  the  1-year  breaks  of  the  80  and 
85%   tufa  cements. 

On  page  1213*  is  recorded  the  results  of  tests  with  a  blend  of 
Monolith  cement  and  diatomaceous  earth  in  the  proportions  of  50% 
of  each.  It  should  have  been  sta.ted  that  this  blended  cement  was 
mixed  with  3  parts  of  sand. 

Table  10  states  the  results  of  tests  made  with  a  mixture  of  volcanic 
clinkers  and  lavas  found  on  the  Hawaiian  Islands  with  Santa  Cruz 
(California)  cement  in  equal  parts  by  volume.  Few  tests  were  avail- 
able for  longer  periods  than  28  days  at  the  time  of  writing  the  paper. 
Table  18  contains  the  results  of  tests  for  periods  up  to  1  year. 
*  Proceedings,  Am.  Soc.  C.  E.,  for  October,  1912. 
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'rAlJIJ]   is. — Sand  BwuiUKTTK  Tests  Made  avitii    a    Mixture  of       Mr. 
Hawaiian  Lava  and  Santa  Cruz  Cement:  A  Continuation  ^'PP"^*^°" 
OF  Table  10. 


s 

Tensile  Strknoth. 

<w 

Fineness. 

Setting  Time. 

t 

1- 

4) 
M    . 

c?  es 

£l 

o 

Pi 

S  2 

^ 

1 

E 

Q 

p-l 

oi 

>> 
c8 

■a 

00    !    t 
M    1    rt 

q 
o 

1 
a 
o 

B 

CS 
ii 
1>> 

Brand. 

53 

c 

o 

Initial. 

Final. 

II 

a 

3 

5 

I- 

3? 

H. 

M. 

H. 

M. 

CO 

z 

05 

» 

1911. 

2 

Nov. 

10V4 

110 

255 

340 

450 

465 

480 

0 

93.8 

2 

15 

6 

30 

O.K. 

18 

Dec. 

10^ 

112 

190 

807 

400 

467 

470 

i       Red 
)  Clinker. 

[50 

92 

2 

30 

6 

00 

" 

1918. 

]  1' 

Jan. 

io^ 

168 

148    2.30 

295 

388 

391 

Lava. 

50 

92 

1 

11 

The  tests  in  Table  18  show  fair  results,  and  indicate  a  cement 
suitable  for  ordinary  hydraulic  work.  This  cement  is  not  as  strong 
as  the  blends  made  with  the  tufas  already  described.  The  tests  show 
•a  uniform  iirowth   in  strength  with  age. 

Some  tufa  cement  was  sent  to  Kobert  E.  Ford,  Profassor  of  Mechan- 
ical Engineering  of  Throop  Polytechnic  Institute,  at  Pasadena,  Cal., 
with  a  request  that  it  be  tested  for  compression.  Standard  bricpiettes 
were  made  and  first  broken  in  tension  and  the  two  halves  then  crushed. 
Cubes,  2  in.  square,  were  also  crushed,  and  the  ratio  of  tension  to 
compression  was  obtained.  An  unusual  quantity  of  water  was  used  by 
Professor  Ford  to  get  normal  consistency  (28^%  for  neat  cement),  and 
this,  possibly,  may  account  for  the  fact  that  the  values  are  lower  than 
tlidse  usually  obtained  in  the  city  laboratories.  The  cement  wa.s 
Monolith,  and  the  tufa  was  from  Fairmont.  Standard  sand  was  used. 
Table  19  is  a  summary  of  the  tests.  The  results  for  compression  com- 
pare favorably  with  tests  given  by  Taylor*  for  Portland  cements, 
but  these  cements  are  not  as  strong  as  the  German  trass  cements  (the 
tests  of  which  are  given  in  Table  9),  nor  are  they  as  strong  as  those 
niciitimicd  ill  'I'jiblo  i:3,  of  materials  tested  at  the  Arrowrock  Dam,  as 
(liiotcd  by  .Mr.  Paul,  either  for  their  blended  material  or  for  their 
straight  cement  mortars. 

Mr.  O'Hara  states  that  Professor  Eakle,  of  the  University  of 
California,  considers  that  "the  rcx-k  ground  with  the  cement  used  on 
the  Los  Angeles  A(|ueduct.  is  a  rhyolite-tufF  and  a  trachyte-tuff,  which, 
when  finely  ground,  will  possess  the  same  characteristics  as  finely- 
ground  cla.y." 

Mr.  O'Hara  continues: 

"The  cement  produced  by  the  method  used  at  Monolith  and  Ilaiwee, 
Cal.,    is   similar   to   cement   adulterated   with   clay.     Rhyolite-tuff   and 

*  '•  Practical  Cement  Testing,"  p.  215. 
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Mr.  trachyte-tuff  are  not  to  be  confounded  with  the  volcanic  rocks  known 
ippmco  .  ^^  puzzuolana  and  trass,  which  have  been  used  for  the  manufacture 
of  cement.  Puzzuobma  and  trass  are  the  hardened  products  of  volcanic 
action  in  their  original  state,  in  which  respect  they  are  similar  to 
blast-furnace  slag.  On  the  other  hand,  the  volcanic  tuff  of  the  nature 
found  at  Monolith  and  Haiwee,  is  not  comparable  to  blast-furnace 
slag,  being  more  of  the  nature  of  altered  volcanic  rock." 

TABLE  19. — Compression  Tests  of  Los  Angeles  Aqueduct 
Tufa  Cement  (Monolith). 


Briquette 

No. 


Cube 
No. 


Days 
cured. 


Ratio : 

TensioD- 

Compression. 


Average 
Tension. 


Average 
Compro.ssion. 


Neat  Briquettes. 


Average  ratio : 

Tension- 
Compression. 


5a 

7 

6.8 

270 

5  m 

7 

7.6 

1  945 

7.2 

4 

28 

8.0 

5b 

28 

8.0 

6a 



28 

7.3 

6b 

5  n  " 

28 
28 

9..S 
8.95 

4^10 

6ra 

28 

8.7 

4  125 

8.4 

5c 

180 

11.4 

6c 

'4m 

180 

180 

14.0 
15.35 

540 

6p 

180 

13.75 

7  370 

13.6 

3  to  1  Standard  Sand. 


7a. 
7b. 


8b. 


8d. 


28 

28 

28 

28 

7m 

28 

7n 

28 

8m 

28 

Hn 

28 

180 

180 

180 

7p 

180 

8p 

180 

4.55 

4.3 

5.2 

5.5 

4.0 

4.1 

4.6 

4.65 

6.25 

5.95 

5.5 

5.8 

6.9 


1  220 


1  225 


Table  2  gives  an  exact  chemical  analysis  of  the  tufas  used  on  the 
Los  Angeles  Aqueduct,  of  Italian  tufa,  and  also  of  Italian  puzzuolana 
(as  used  in  that  country),  as  determined  from  samples  furnished  by  the 
American  Consul.  A  detailed  analysis  of  the  German  trass  is  given 
in  Table  20  where  it  is  shown  that  it  has  a  close  resemblance  to  the 
California  tufas.  The  local  clays  analyze  much  more  closely  to  the 
Italian  puzzuolanas  than  the  California  tufas.  The  percentage  of 
silica  in  the  local  tufas,  soluble  in  alkalies,  is  greater  than  that  in 
the  samples  of  Italian  puzzuolanas,  in  the  ratio  of  4  to  1,  according 
to   determinations   by  the  Monolith   Laboratory,   and  this   is   believed 
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to  be  a  very  iinportaiit  faetor.  ^Ir.  O'Hara  is  mistaken  when  he  refers  ftir. 
to  these  tufas  as  an  altered  voleanie  rock.  If  he  had  ever  seen  these 
(|u;irii(s,  he  probalil.v  would  imt  think  so.  The  tufa  used  is  an  un- 
altered voleanie  ash  which  has  been  thrown  down  in  water  and  com- 
nunuted.  It  has  been  partly  consolidated  by  pressure.  Physically,  it 
lias  no  more  resemblance  to  clay  than  unground  cement  clinker,  which 
also  contains  chemically  a  high  ])erceutage  of  clay.  It  resemble-s  some- 
what the  i)umice  stone  which  can  be  purchased  at  most  drug  stores. 
Many  of  tlu"  hardest  rocks,  such  as  granite,  slate,  and  lava,  on  decom- 
position form  clay,  and  it  would  be  as  misleading  to  say  that  a  granite 
is  a  clay  as  to  say  that  this  tufa  is  a  clay.  The  writer  is  familiar 
with  tufa  in  its  altered  and  clay-like  condition.  It  is  found  near 
Ilaiwee. 

The  tufas  are  very  low  in  sulphur,  containing  usually  less  than 
oue-tenth  of  1%,  and  it  is  difficult  to  see  how  there  is  any  extra 
danger  because  of  being  blended  with  straight  cements  containing 
H%  of  sulphur,  on  this  account,  as  Mr.  O'Hara  states.  Reference  is 
made  to  the  discussion  by  Mr.  Luiggi  as  to  the  enduring  quality  of 
these  cements  in  sea  water. 

Mr.  O'Hara  also  says : 

"Tufa  and  Portland  cement,  as  used  on  the  Los  Angeles  Aqueduct, 
is  a  mechanical  mixture,  the  two  materials  being  blended  in  equal 
!)arts  by  volume.  Under  these  conditions,  no  silicates  of  lime  are  found, 
and  the  gradual  increase  in  strength  is  not  due  to  the  same  cause  as 
the  slow  hardening  of  a  high  silica  Portland  cement." 

The  chemical  analyses  of  the  Bureau  of  Standards,  given  on  page 
1200,*  as  well  as  the  analyses  at  the  laboratories  of  the  Los  Angeles 
A<]ueduct,  show  that  silicates  of  lime  are  formed  between  the  tufa  and 
cement.  Mr.  O'Hara's  statement,  as  given,  is  only  empirical,  and 
should  not  outweigh  these  chemical  determinations.  The  writer  re- 
grets that  Mr.  O'Hara  considers  the  practice  of  blending  tufa  cements 
on  the  Los  Angeles  Aqueduct  as  ''dangerous  and  without  precedent." 
Many  unprecedented  things  are  done,  especially  by  the  Engineer- 
ing Profession,  which  result  in  general  benefit.  There  is  com- 
fort in  the  fact  that  the  TJ.  S.  Reclamation  Service  is  now  building 
or  operating  three  cement  blending  and  re-grinding  plants,  after  care- 
ful investigations,  made  by  its  engineers,  as  shown  by  the  instructive 
discussions  contributed  by  Messrs.  Rapier  R.  Coghlan  and  Charles  H. 
Paul. 

Mr.  Reed  calls  attention  to  the  severe  climatic  conditions  under 
which  the  concrete  work  on  the  Los  Angeles  Aqueduct  is  carried  on. 
The  relative  humidity  in  the  Mojave  Desert  during  the  summer  is 
about  20%,  and  this,  together  with  temperatures  which  are  often 
greater  than  100°,  and  the  great  scarcity  of  water,  makes  a  most  try- 
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ing  condition  for  concrete  work.  Except  on  the  40  miles  of  open 
canal  described  by  Mr.  Peterson,  methods  of  work  were  devised 
which  kept  the  green  concrete  shielded  from  the  sun  and  wind.  Stand- 
ing water  is  lasually  maintained  in  the  conduit  with  small  dams,  to 
give  an  artificial  humidity.  Doors  or  curtains  were  maintained  at 
tunnel  portals.  The  roof  was  cast  on  the  outside  conduit  before  the 
forms  were  taken  from  the  sides,  and  it  was  covered  with  wet  earth 
on  top  as  soon  as  the  concrete  was  poured.  The  bottom  was  placed 
last,  and  the  manholes  M^ere  kept  closed.  It  was  only  by  such  methods 
that  shrinkage  cracks  could  be  avoided,  no  matter  what  kind  of  cement 
was  used.  In  this  way,  mile  after  mile  of  the  outside  conduit  could 
be  bviilt  without  any  expansion  joints  and  without  transverse  cracks. 
Leaving  a  manhole  open  for  a  week  or  two  would  often  cause  a  trans- 
verse crack  to  open  within  10  ft.  Where  the  conduit  has  been  filled 
since,  these  cracks,  in  many  instances  have  swelled  shut. 
Mr.  Richardson  states  that : 

"Unfortunately,  no  data  are  available  showing  what  proportion  of 
the  silica  in  any  of  the  materials  occurring  abroad,  or  in  those  in 
California,  is  soluble  in  acid,  as  it  is  hydrated  silica  of  this  description 
which  possesses  the  greatest  hydraulic  value." 

It  is  the  writer's  understanding  that  it  is  solubility  in  an  alkali 
solution  which  is  desired.  This  laboratory  determination  is  made  with 
a  dilute  solution  of  sodium  carbonate.  On  page  1206*  the  U.  S. 
Bureau  of  Standards  is  quoted  as  showing  that  7.17  out  of  30.97 
parts  of  the  silica  in  the  briquettes  made  of  Fairmont  tufa  cement, 
or  23%,  were  soluble  in  the  mortar.  A  test  of  the  pure  pulverized 
•Monolith  tufa,  in  the  Monolith  Laboratory,  showed  8.4%  soluble. 

Comparative  analyses  of  the  German  cements  and  the  Monolith 
tufa  are  given  in  Table  20.  The  information  in  reference  to  the 
German  materials  (referred  to  in  Table  9)  is  from  the  report  of  the 
Royal  Testing  Laboratory.! 

TABLE  20. — Analyses  of  German  Trass  and  Monolith  Tufa. 


German  trass. 


Loss  on  ignition 

Water  of  crystallization 
Insoluble  silica 

Soluble  silica 

Iron  oxide , 

Aluminum 

Lime 

Magnesia 

Potassium 

Sodium 

Phosphorus 

Sulphuric  acid 

(Unable  to  translate) .. . 


3.29 
6.96 

41.56 
t.39 

25.54 
2.27 
9.83 
1.05 
0.67 
3.04 
3.09 
O.tl 
0.06 
0.10 


10.25 


68.49 


98.96 


Monolith  tuta. 


6.28 

69.48 

2.53 

11.37 

1.80 

2.95 

Not  determined. 


*  Proceedings,  Am.  Soc.  C.  E.,  for  Octobiir,  1912. 
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These  analyses  show  a  striking-  siniiUirity  hetween  the  German  trass        Mr. 
and  the  ^lonolith  tufa.     The  quantity  of  sulphur  shown   in  Monolith    'PP"**^*^    ■ 
tufa   is   uinisualiy    large  in   this   sample,   and  the   69.48%   is  for  total 
silica,  no  division  having  been  made  hetween  soluble  and  insoluble. 

Tiie  sample  of  Italian  tufa  available  at  the  Monolith  Laboratory 
shows  only  2%  of  silica  soluble  in  dilute  sodium  carbonate.  This 
.-ainplo  was  furnished  through  the  American  Consulate,  and  possibly 
may  not  be  typical.  What  was  furnished  as  Italian  puzzuolana  shows 
practically  the  same. 

Keplying-  further  to  Mr.  Richardson,  the  tufa  is  separately  ground 
in  the  ball  mill,  so  as  to  pass  through  a  20-mesh  screen,  but  the  final 
grinding  of  the  blended  tufa  and  cement  is  done  in  the  tube  mill. 
An  etfort  was  made  to  grind  the  cement  clinker  with  the  crushed 
tufa,  but  it  ground  very  slowly  in  the  tube  mill.  As  it  was  also  de- 
sirable to  save  transportation  charges,  the  final  grinding  and  blending 
were  done  mostly  at  distant  points  on  the  work,  where  tufa  was  avail- 
able, thus  saving  half  of  the  freight. 

^fr.  Wagoner  quotes  from  a  printed  "Report  on  Municipally  Manu- 
factured Cements  of  the  Los  Angeles  Aqueduct"  made  to  the  American 
Portland  Cement  Manufacturers  Association,  by  a  party  of  five  engi- 
neers. The  circulation  of  the  report  has  been  suspended  by  the  Associa- 
tion. As  an  example  of  its  bias,  an  illustration  is  given  of  a  test 
slab  which  was  not  a  portion  of  the  Aqueduct,  and  had  been  loaded 
to  destruction  by  the  city's  engineers,  in  order  to  test  the  concrete 
materials,  as  used  in  construction.  In  the  pamphlet  this  is  labeled 
"Slabs  of  poor  concrete,  where  cover  on  L.  A.  Aqueduct  has  ali:eady 
collapsed  and  been  replaced,  on  desert  west  of  Mojave."  The  writers 
of  that  report  state  that  there  are  three  kinds  of  concrete  on  the 
Aqueduct:  good  concrete  made  of  purchased  cement;  fair  concrete 
made  of  Monolith  cement;  and  poor  concrete  made  of  tufa  cements. 
They  state  the  places  where  these  concretes  are  founds  and  it  is  amusing 
to  note  that  their  "poor  concretes"  in  most  cases  actually  were  made 
of  purchased  cements. 

The  ^[onolith  mill  has  been  run  for  four  years.  The  product, 
with  minor  exceptions,  has  been  standard.  The  hydraulic  index  which 
y[r.  Wagoner  has  taken  exception  to,  has  usually  been  about  2.0.  It 
is  not  claimed  that  the  mill  is  infallible.  jSTeither  are  other  mills. 
It  has  been  watched  closely  by  cement  manufacturers,  and  when  it 
was  in  temporai-y  trouble,  due  to  a  change  in  the  limestone  quarry,  it 
was  promptly  investigated.  The  writer  regrets  that  it  is  necessary 
to  refer  at  all  to  this  report.  Much  more  could  be  said,  but  it  would 
involve  local  politics  and  business  foreign  to  this  discussion.  Table 
21   contains  an  independent  analysis  of  Monolith  cement.      ,       ; 

Mr.  Wagoner  suggests  that  tests  with  tiifa.  and  sonfe  standard 
cement  be  made  for  the  Profession.     Many  barrels  of  tufa  cement  have 
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lieeii   nia(l(>    wilh    Ixitli    C\)lt()n    ;ui(!    iiivcrside   cement,    and    they    sliow        Mr. 
1  1  I  1  .1      \i         i-^i  .L  Lippincott. 

the  same  roulis  jis  those  made  witli    Alonohth  cement. 

In  reply  ici  .Mr.  Mogcnsen,  it  may  be  stated  that  no  discrimina- 
tions have  iiccii  made  ajrainst  tufa  cements.  Two  reinforced  con- 
cri'te  towers  have  heen  successfully  built  of  tufa  cement,  as  well  as 
several  Humes,  and  nine  reinforced  concrete  pipes,  10  ft.  in  diameter, 
lor  In  ads  n\)  to  Stt  ft.  Afany  miles  of  reinforced  roof  slab,  8  in. 
thick,  with  a  .si)an  of  11  ft.  5i  in.,  have  been  successfully  laid.  The 
Ilaiwet"  Dam  referred  to  is  an  earthen  structure  with  a  clay  core; 
no  concrete  was  used  in  its  construction.  Numerous  prominent  engi- 
neers have  examined  the  work,  and,  althoug-h  most  of  it  is  in  a  re- 
mote and  unoccupied  region,  every  effort  has  been  made  to  aid  in- 
vestifiations  l)y  the  Profession. 

Approximately,  the  following  (piantities  of  cement  of  various  classes 
have  been  used  to  date  on  the  Los  Angeles  Aqueduct : 

.\ronolith   standaril   cement 900  000  bbl. 

Tufa   cements 636  000     " 

Purchased  standard  cements 260  000     " 

The  contributions  to  the  discussion  by  Messrs.  Coghlan  and  Paul 
are  of  particular  interest  and  value.  Little  may  be  added  to  these  dis- 
cussions; they  are  commended  to  those  interested  in  this  subject.  The 
writer  agrees  with  IMr.  Coghlan's  statement,  referring  to  materials 
suitable  for  blending,  "that  they  are  all  dependent  for  their  fitness 
on  the  (lunntity  of  colloidal  or  active  silica";  and  that  they  should 
"be  in  an  almost  unaltered  condition."  Mr.  Paul's  tests,  showing 
the  results  of  blending  the  granites  at  the  Arrow-rock  Dam  of  the 
U.  S.  Reclamation  Service,  are  especially  interesting,  as  they  broaden 
the  opi)ortunity  for  this  economy.  The  writer's  experience  with  the 
lavas  from  the  Ha.waiian  Islands,  though  very  limited,  is  in  accord 
with  that  of  Mr.  Coghlan. 

It  must  be  constantly  borne  in  mind  by  Eastern  engineers,  in  con- 
sidering this  subject,  that  the  prevailing  price  of  cement  at  central 
points  in  the  Far  West,  is  about  $2  per  bbl.,  and  that  transportation 
charges  are  high.  Engineers  in  this  region  are  anxious  to  build  the 
necessary  works  with  the  available  funds.  The  saving  on  the  Los 
Angeles  Aqueduct,  due  to  the  use  of  tufa  cement,  will  amount  to  about 
$700  000. 

Mr.  Peterson's  discussion  gives  the  experience  of  an  engineer  who 
has  used  tufa  cement  for  three  years,  and.  for  this  reason,  it  is  of 
vahie. 

.Nfr.  Luiggi,  who  is  Inspector  General  of  the  Royal  Civil  Engineers 
(of  Italy)  and  Professor  of  Maritime  Construction  at  the  Royal  School 
of  Civil   Engineers,  gives  a  most  interesting  discussion  of  the  subject. 


Lippincott. 
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Mr.  ^^  referring  both  to  the  old  Roman  cements,  made  of  lime  and  puzzuolana 
(tufa),  and  the  blending  of  Portland  cement  with  puzzuolana.  He  has 
practiced  this  latter  blending  since  1888.  He  approves  the  practice, 
and  states  that  it  is  "quite  correct,  both  with  regard  to  the  cost  and 
the  durability  of  the  work." 

Mr.  O'Ha.ra  quotes  Professor  Eakle,  of  the  University  of  Cali- 
fornia, as  stating: 

"The  rock  ground  with  the  cement  used  on  the  Los  Angeles 
Aqueduct,  is  a  rhyolite-tviff  and  a  trachyte-tuff,  which,  when  finely 
ground,  will  possess  the  same  characteristics  as  finely  ground  clay." 

Mr.  O'Hara  then  makes  the  deduction  that  "the  cement  produced 
by  the  method  used  at  Monolith  and  Haiwee,  Cal.,  is  similar  to  cement 
adulterated  with  clay."  Presumably,  he  gets  this  information  from  the 
pamphlet  issued  by  the  Association  of  American  Portland  Cement 
Manufacturers.  The  writer,  having  communicated  with  Professor 
Eakle  and  called  his  attention  to  the  paper  and  to  Mr.  O'Hara's  dis- 
cussion, received,  under  date  of  February  27th,  1913,  the  following: 

"Your  letter  of  February  26th,  informing  me  that  I  had  been  quoted 
by  cement  manufacturers  was  news  to  me,  and  so  I  have  looked  up  the 
quotation  to  which  you  refer.  I  am  rather  in  the  dark  regarding 
the  matter,  as  both  the  gentlemen  using  my  name  and  the  rock  in 
question  are  unknown  to  me.  However,  I  constantly  receive  samples 
of  rock  for  identification,  and  always  try  to  accommodate  the  sender 
with  whatever  information  I  can  give,  and  as  to  the  persons  sending 
me  material  seldom  give  me  the  localities  or  state  what  they  wish 
to  do  with  my  report,  I  only  hear  of  it  later  by  some  roundabout  way 
as   this." 

After  receiving  this  communication,  the  writer  forwarded  samples 
of  the  tufa  from  the  Fairmont  quarries  to  Professor  Eakle  for  indentifi- 
cation  and  for  an  expression  of  opinion.  He  was  requested  to  put  this 
in  such  form  as  to  permit  of  publication.  The  following  letter  has  been 
received  in  compliance  with  this  request : 

"The  samples  of  tuft'  you  sent  me  cannot  be  classed  as  strictly  fresh 
rocks,  as  the  original  more  or  less  glassy  base  has  become  devitrified, 
a  portion  of  the  all^alies  leached  out,  and  the  tuff  is  considerably 
hydrated.  The  alteration  has,  however,  been  more  in  the  nature  of  a.n 
incipient  kaolinization  and  silification  producing  a  hardened  stony  base, 
as  shown  by  the  gritty  powder,  so  the  value  of  the  rock  for  the  use  yoii 
make  of  it  has  li'ot  materially  suffered  by  the  slight  change.-  The 
amount  of  alumina  in  the  tuffs  is  rather  high  and  there  is  no  doubt 
4hat  an  extra  amount  of  clay-like  material  is  added  to  the  cement,  but 
your  experiments  and  those  of  German  cement  users  seem  to  prove 
conclusively  that  such  rocks  do  not  act  as  adulterants,  but,  on  the 
other  hand,  produce  a  better  and  stronger  cement,  if  properly  used. 
Much  of  the  free  silica  and  alumina  silicate  of  these  tuffs  is  in  a  more 
soluble  state  than  it  is  in  ordinary  clay  and  quartz  sand,  and  it  is 
presumably   due  to   this   fact  that  the  tuffs  have  their  value.     Their 
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s^olubility  is  s^hown  by  treatnioiif  with  llCl  and  witli  alkali  carbonates, 
and  is  also  shown  in  the  field  where  many  of  them  have  become 
silioified  and  often  inipref-nated  with  opal,  deposited  from  the  colloidal 
silica  formed.  When  these  tuffs  are  ground  so  intimately  with  cement, 
<'V(M-y  i)orti(iii  of  tliis  soluble  silica  and  silicate  com(\s  into  contact 
with  the  lime,  and  during?  the  fjradual  drying  out  of  the  moist  mass, 
a  chemical  action  it^  taking  place  to  form  lime  silicate.  The  longer 
you  can  keep  the  interior  mass  moist,  the  more  complete  should  be  the 
crystallization  and  the  stronger  the  mass.  In  quick  setting  we  would  ex- 
jiect  the  tuffs  to  act  more  as  an  adulteraJit.  It  would  be  interesting  and 
of  value  to  know  if  thin  sections  of  the  cement  at  different  periods 
of  solidification  would  not  show  what  is  taking  place.  The  tuffs  you 
sent  are  rhyolite  tuffs.  Your  article  states  you  use  equal  parts  of 
cement  and  tuffs,  but  the  analysis  of  the  Monolith  tuff  cement  shows 
a  proportion  of  about  one  part  tuff  to  three  parts  cement.  There  is  a 
discrejiaaicy  in  these  analyses.  The  tuff  cement  has  more  water  than 
the  tuff  and  the  amount  of  alumina  is  not  larger  than  some  Portland 
cements  contain,  and  the  total  allows  nothing  for  alkalies  which 
must  be  present. 

"I  would  like  to  offer  a  suggestion  about  the  name  'Tufa  Cement' 
which  you  use.  It  has  become  the  custom  with  petrologists  and 
geologists,  at  least  in  this  country,  to  use  the  word  'tufa'  for  calcareous 
deposits,  and  'tuff'  for  volcanic  ash  rocks;  so  it  might  be  better  to 
■call  the  cement  a  'tuff-cement.' 

"You  are  perfectly  welcome  to  make  use  of  anything  in  this  letter 
you  may  find  of  assistance." 

With  reference  to  Professor  Eakle's  comment  on  a  discrepancy  in 
the  analyses,  it  should  be  remembered  that  the  pulverized  tufa  is 
blended  with  the  cement  at  the  mills  in  equal  parts  by  volume.  The 
ratios  are:  60%  by  weight  of  cement  to  40%  by  weight  of  tufa,  ap- 
proximately. The  mixture  for  this  sample,  the  analysis  of  which 
is  given  in  Table  2,  was  of  equal  parts  by  volume.  The  analyses,  of 
course,  show  percentages  by  weight.  According  to  the  writer's  com- 
putations, there  is  the  following  relation  between  the  analyses  given 
and  the  theoretical  quantitias  which  should  occur: 

Silica.        Iron  and  alumina.  Lime. 

Theoretical  (luaiitities 41.1  10.87  38.19 

Analysis   35.34  11.89  41.05 

The  percentages  shown  in  these  different  analyses,  either  for  the 
cement  or  for  the  tufas,  will  vary  from  time  to  time,  and  cannot  be 
expected  to  check  absolutely.  The  quantity  of  silica  in  the  tufa  used 
in  this  blend  is  unusually  high. 

^Fr.  O'Hara  also  quotes  from  the  U.  S.  Corps  of  Engineers,*  as 
follows : 

"Puzzolan  cement  never  becomes  extremely  hard  like  Portland,  but 
puzzolan  mortars  ajid  concretes  are  tougher  or  less  brittle  than  Port- 

*  Professional  Paper  No.  28,  p.  1779. 
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Mr.        land.     *     "     *     It    is    unlit    for    use    when    subjected    to    mechanical 
ippmco    .  .^Q.^Y,  attrition,  or  blows." 

In  order  to  test  the  tufa  cements  for  attrition,  twenty  pieces  of 
briquettes  of  tufa  cement  (50%  by  volume  being  tufa  and  50%  by 
volume  Monolith  cement,  mixed  with  3  parts  of  standard  sand)  which 
had  attained  an  age  of  one  year,  were  revolved  in  the  small  laboratory 
ball  mill  with  flint  pebbles;  and  twenty  pieces  of  broken  straight 
cement  briquettes  which  had  been  tested  for  tension,  which  were  a 
year  old,  and  had  been  mixed  with  3  parts  of  standard  sand,  were 
treated  in  a  similar  manner.  The  tensile  strength  of  the  briquettes  of 
tufa  cement  was  about  the  same  as  those  of  straight  cement,  each  set 
having  averaged  more  than  400  lb.  The  briquettes  were  weighed  sepa- 
rately before  being  subjected  to  the  rattler  test,  and  were  weighed  at 
equal  intervals  of  time  as  the  test  proceeded.  The  briquettes  of  tufa 
cement  were  run  separately  from  those  of  straight  cement,  because  it 
was  difiicult  to  distinguish  between  thera  after  the  grinding  had  pro- 
ceeded for  some  time.     The  results  are  given  in  Table  22. 

TABLE   22. — Attrition   Tests   of  Tufa   Cement   and   Straight 
Cement  Briquettes  Made  avitii  3  Parts  of  Standard  Sand. 


Time 

straight. 
Tufa . . . . 


5  minutes. 

5.2B% 

s.iavb 


20  minute-s. 

1(1.85% 
7.66% 


50  minutes. 
14.23o^ 
13.93% 


2  hours. 

28.007% 

28.9% 


5  hours. 
48.13<% 
63.41% 


The  percentages  represent  the  loss  in  weight. 

This  test  indicates  that,  for  periods  up  to  50  min.,  the  tufa  briquettes 
stood  abrasion  better  than  those  of  straight  cement;  that,  for  the  2-hour 
run,  they  were  practically  the  same;  and  that  on  the  5-hour  run  the 
straight  cement  showed  a  superiority  of  about  30  per  cent.  It  has  been 
established  in  the  tensile  strength  tests,  that  the  tufa  is  .slower  in 
hardening  than  the  straight  cement,  and  it  would  appear  that  the 
outer  portion  of  the  tufa  briquettes  had  -attained  a  greater  hardness 
than  those  of  straight  cement,  but  that  the  interior  was  not  yet  as  hard. 
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PREVENTION  OF   ^lOSQl'TTO   liREEDING. 
Discussion.* 


By  Si'kxckr  Miller,  M.  Am.  Soc.  C.  E.f 


Spknckr  ^Iillkr,  ]\r.  Am.  Soc.  C.  E.  (by  letter). — The  writer  is  Mr. 
much  gratified  with  the  reception  accorded  his  paper  and  the  thought- 
ful discussion  it  has  brought  forth.  Mr.  Gray  intimates  that  the 
writer's  experience  with  the  mosquito  problem  has  been  largely  obtained 
in  territory  where  mosquitoes  are  more  of  a  nuisance  than  a  menace 
to  health.  Are  not  all  kinds  of  mosquitoes  a  menace  to  health?  Nature 
provides  a  period  of  sleep  to  maintain  health.  Mosquitoes  which  dis- 
turb that  sleep  surely  affect  one's  health;  and  the  greater  their  num- 
ber the  greater  the  menace.  Recreation  in  the  open  air  and  sunshine 
maintains  health;  therefore,  a  pest  of  mosquitoes  of  any  variety  that 
drives  one  indoors  is  a  menace  to  health. 

There  are  many  times  more  non-malarial  than  malarial  mosciuitoes 
breeding  in  the  State  of  New  Jersey.  The  malarial  mosquito  may 
breed  almost  anywhere,  even  in  salt  marshes,  and  any  campaigning 
against  it  must,  of  necessity,  call  for  the  inspection  of  all  quiescent 
waters.  The  cost  of  inspection  is  the  largest  part  of  the  cost  of  ex- 
terinination.  Seeking  for  malarial  mosquito  larvae  will  lead  the  in- 
sjtector  to  the  larva-  of  non-malarial  mosquitoes.  The  destruction  of 
non-malarial  larva'  adds  but  a  trifle  to  the  expense  of  a  campaign 
against  mahiria.  and,  in  the  interest  of  health,  such  a  campaign  sliould 
be  directed  against  every  kind  of  masquito. 

^Ir.  Gray  states  that  the  problem  "becomes  an  urban  problem  only 
when  there  is  a  lax  administration  of  the  municipal  departments  of  health 
and  public  works."  In  the  City  of  New  York,  the  Deiiartment  of 
Health   is  fully  alive  to  l^ie  importance  of  mosquito  prevention.      It 
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is  lax  only  because  hampered  by  lack  of  funds.  A  large  portion  of  the 
Borough  of  Brooklyn  is  pest-ridden  with  salt-ma.rsh  n:iosquitoes  which 
breed  in  about  9  000  acres  of  marshes  in  Jamaica  Bay  within  the 
limits  of  the  Borough.  The  Borough  authorities  have  not  $10  000  to  ex- 
pend for  this  purpose  at  present.  It  will  cost  about  $60  000  to  ditch 
these  marshes  alone,  and  it  is  estimated  that  an  annual  expenditure  of 
about  $150  000  per  year  will  be  required  to  relieve  properly  the  Borough 
of  Brooklyn  from  the  mosquito  pest.  This  sum  would  cost  the  people 
residing  there  less  than  10  cents  per  annum  per  inhabitant.  While 
salt-marsh  mosquitoes  probably  furnish  75%  of  the  pest  in  Brooklyn, 
there  are  thousands  of  fresh-water  breeding  places  where  the  common 
house  mosquitoes  breed.  These  are  a  greater  nuisance  individually 
than  the  marsh  mosquitoes,  because  they  get  indoors  and  sing  and  bite 
all  night. 

Mosquito  breeding  in  Prospect  Park,  Brooklyn,  has  been  known 
and  talked  of  publicly  for  the  last  ten  years,  yet  at  the  present  time 
the  City  health  authorities  have  not  the  funds  to  prevent  it.  Citizens 
of  Brooklyn  have  formed  an  association  and  are  raising  a  fund  of 
$60  000  by  subscription  to  start  the  work. 

The  writer  became  interested  in  forming  county  mosquito  exter- 
mination commissions  because,  after  ten  years  of  endeavor,  he  failed  to 
obtain  the  co-operation  of  adjoining  communities  to  do  anti-mosquito 
work  effectively. 

Mr.  Gray  concurs  in  the  "selection  of  the  county  as  a  proper  unit 
of  mosquito  control  operations  *  *  *  with  the  condition  that  the 
field  of  the  county's  operations  shall  not  include  incorporated  cities." 

The  Board  of  Health  of  Newark,  N.  J.,  for  five  or  six  years, 
expended  about  $5  000  to  $7  000  annually.  This  was  about  one- 
sixth  of  the  sum  required  to  do  the  work  effectively  within  the 
city  limits.  After  the  work  was  taken  over  by  the  County  Com- 
mission, in  the  summer  of  1912,  more  than  9  000  breeding  places  were 
discovered  in  the  city,  entirely  outside  of  salt-marsh  areas.  Newark 
has  a  well-organized  and  highly  intelligent  Board  of  Health,  but  it 
was  limited  financially.  Breeding  was  stopped  to  a  certain  extent, 
but  not  enough  to  satisfy  the  citizens,  as  will  a]ipcar  from  the  following 
editorial  comments  in  Newark  i)apers: 

The  Ncituiii-  Evening  Star  on  the  15th  of  July,  1912,  said: 

"In  no  previous  summer  season  were  Newark  and  its  suburbs  so 
free  from  the  pest  as  during  the  present  season.  Last  year  in  many 
localities  the  infliction  was  unendurable,  and  the  change  is  most 
grateful  to  a  large  population.  The  money  apjjropriated  for  this  blessed 
work  is  the  best  public  investment  ever  made  by  the  county.  It  is 
being  richly  repaid  in  benefits." 
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On  Aiijjust  ITtli.  tlio  snmo  pjipor  stntod  :    "T\\o  iiioscjuito  oxtcrinina-     Mr. 
tidii  net  lias  been  amply  justified  by  results."  Miller. 

Tbe  Xewark  News,  on  .Inly   l.'Uli.  I'.Mi',  said: 

"After  just  twii  ninntlis  of  :iclivity,  l)acl\('d  by  an  adecpnitt'  ai)])ro- 
prinlinn.  il  li:i^  been  dcnicinst  lulled  tb;!(  ibc  work  of  the  Kssex  Comity 
Mnsiiiiiti)  Kxtenninatioii  Coiiiniissioii  is  accomplishing  definite  results. 
•v  •>>  -X-  After  this  comi)aratively  short  time,  results  are  visible  in 
tlu>  lessened  number  of  the  i)ests  that  find  their  way  into  houses  and 
within  the  confines  of  screened  porche-s." 

On  July  24th  the  Newark  Evening  News  stated: 

"Sh-b-li! 

"irnve  ycni  noticed  it,  or  .are  we  dreainin.y!  It  seems  almost  too 
irood  to  be  true. 

"lias  the  wily   inoscpiito  left  us?" 

Tbe  writer  feels  that  it  is  necessary  to  include  incorporated  cities 
in  connection  with  county  work.  A  county  tax  is  paid  by  the  tax- 
payers of  the  cities  as  well  as  the  villages.  A  county  commission  should 
expend  the  money  collected  by  taxation  for  the  benefit  of  the  people 
who  pay  it. 

Mr.  Gray  is  convinciMJ  that  "the  appointment  of  special  commis- 
sions is  an  unnecessary  multiplication  of  executive  bodies  in  the  county 
government";  and  states,  further,  that  "no  department  of  county  gov- 
ernment, on  the  average,  is  remarkable  for  its  intelligence  and  efficiency" ; 
and  "that  there  is  no  assurance  that  a  special  commission  will  show 
greater  efficiency  than  the  existing  component  parts  of  the  county 
government." 

The  assurance  offered  in  the  New  Jersey  law,  included  in  the  paper, 
tiiat  these  commissions  shall  be  intelligent  and  efficient,  is  that  they 
shall  be  appointed  by  the  Suiireme  Court  Judge  of  each  county  and  shall 
serve  without  salary.  Mr.  (Jray  states  that,  in  California,  there  is  a 
crying  need  of  anti-mosquito  work,  and  that  practically  nothing  has 
l>een  done  by  the  county  governments. 

He  states  further:  "the  county  ofiiciaLs  have  provided  no  funds 
*  *  *  although  the  economic  loss  to  this  county  [Tehama]  from 
mnlaria  is  certainly  not  less  than  $100  000  annually."  No  better  argu- 
ment can  possibly  be  put  forth  for  the  necessity  of  the  appointment  of 
specially  selected  men  for  carrying  out  a  definite  public  work. 

Mr.  Gray  says  that  "highly  successful  prosecution,  requires  marked 
abilities  as  an  educator  and  publicist,  as  well  as  a  unique  combination 
of  thorough  knowledge  as  to  engineering,  parasitology',  hygiene,  vital 
statistics,  law,  and  government." 

The  Essex  County  Mosquito  Extermination  Commission  is  com- 
posed of:  Two  doctors,  one  civil  engineer,  one  retired  (luartermaster- 
general,  one  successful  business  man,  and  one  grain  merchant,  all  hav- 


804  DISCUSSION  ON   PREVENTION  OF  MOSQUITO  BREEDING      [Papers. 

Mr.  ing-  proven  by  previous  service  that  they  vi^ere  public-spirited  citizens. 
This  Commission  has  been  successful. 

Mr.  Rosenthal  refers  to  the  mosquito  pest  in  the  Philippines,  which 
followed  the  introduction  of  numerous  uncovered  wooden  water  tanks 
and  barrels,  ''man-made  water  holders." 

Mr.  Felt  speaks  with  authority  when  he  refers  to  the  incidental  pool, 
roadside  or  otherwise,  as'  being  more  prplitic  in  the  production  of 
mosquitoes  than  the  larger  bodies  of  water  so  frequently  viewed  with 
distrust  by  the  general  public.  His  suggestion  to  suspend  a  small  con- 
tainer filled  with  oil  and  adjusted  so  as  to  drip  slowly  into  a  catch- 
basin  has  been  tried  in  Newark,  N.  J.  The  plan  proved  effective 
only  when  the  catch-basins  were  kept  clean.  After  some  days  they  be- 
come partly  filled  with  dirt,  and  on  this  the  oil  may  drip  and  not  reach 
the  water;  for  that  reason  the  plan  was  abandoned.  The  catch-basin 
covers  are  now  removed,  and  the  oil  is  sprayed  all  over  the  surface  of 
the  water.  What  is  wanted  is  a  mosquito-proof  catch-basin  which 
needs   no   inspection   or   oil. 

Dr.  Hunt  views  the  subject  largely  from  a  medical  standpoint.  The 
Supreme  Court  Judge  of  Essex  County  was  fortvmate  in  having  fovnid 
a  man  of  Dr.  Hunt's  ability  and  zeal  to  serve  as  a  commissioner. 
Where  county  commissions  are  appointed  by  Supreme  Court  Judges, 
the  latter  would  do  well  to  select  one  or  more  progressive  medical  men 
to  serve  on  the  commission,  because  such  men  can  usually  be  de- 
pended on  to  be  intelligent  and  unselfish  in  their  desire  to  relieve  the 
people  from  the  pest. 

Mr.  Rutherfurd  refers  to  the  problem  of  Connecticut  and  to  a  Bill 
placing  the  marsh-drainage  work  and  $200  000  in  funds  in  the  hands 
of  the  Director  of  the  State  Agricultural  Station.  The  conditions  in 
Connecticut  are  peculiar,  fully  75%  of  the  population  being  affected 
by  a  mosquito  pest  breeding  along  the  borders  of  the  State.  There  is 
hardly  a  county  which  will  not  be  benefited  by  the  elimination  of  the 
salt-marsh  pest;  it  is  a  State  nuisance,  and  a  good  beginning  will  be 
made  by  the  passage  of  the  Bill. 

The  writer  endorses  Mr.  Britton's  suggestion,  in  which  he  states 
that  "a  great  educational  campaign  is  needed."  During  the  season  of 
1912  the  *Essex  County  Mosquito  Extermination  Commission  issued 
50  000  cards  to  be  hung  in  houses.  These  cards  illustrate  how  mosqui- 
toes breed,  and  give  methods  for  the  prevention  of  breeding. 

The  real  value  of  an  educational  campaign,  however,  is  in  mould- 
ing public  opinion  to  uphold  organized  effort  for  anti-mosquito  work. 
One  error  frequently  made  is  to  expect  that  people  when  they  know 
how  the  mosquito  pest  can  be  eliminated,  will  look  after  their  own 
premises  individually.  Experience  during  ten  years  has  taught  the 
writer  that  less  than  5%  of  the  population  will  do  anything  of  the  sort. 
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.\\>  bcttt'i-  illustration   of  that  ran   Ix'   fdiiiul  than  the  fact  that  the   in-     Mr. 

Miller 

spec'tors  eniplo.vfd  hy  the  Essex  County  Mosquito  Extermination  Com- 
mission found  nu)S(iuit()OS  brecdinii-  in  the  rear  of  the  writer's  stables. 

In  reference  to  tlu^  cost  of  anti-moscjuito  work,  the  following 
(lata  may  serve  as  a  rough  ba.sis  for  making  estimates: 

1.  Port  Said,  with  50  000  population  and  compactly  built,  controls 
its  moscpiito  pest  for  12  cents  per  inhabitant  per  annum.  Ismailia,  an 
open  xilhiizc.  with  10  000  pojjulation,  expends  .50  cents  per  inhabitant 
]H'v  aiinuin. 

•2.  Klang  and  Port  Swcttenliam,  5  miles  apart,  have  a  combined 
pojmlation  of  3  (MM)  and  spend  $4.72  per  inhabitant. 

3.  Mr.  Means,  in  his  discussion,  refers  to  anti-mosquito  work  in  the 
Sacramento  Valley,  Cal.,  in  a  territorv^  of  about  10  000  aeres  and  1  200 
licople  at  !f'''5  per  inhabitant  per  annum.  This,  however,  is  only  36  cents 
jier  acre  i)er  annum. 

4.  The  estimated  cost  for  the  Borough  of  Brooklyn  (Kings  County), 
with  a  population  of  1  700  000,  is  10  cents  per  inhabitant  per  annum. 

Ti.  In  South  Orange,  N.  J.,  a  suburban  community  of  5  000  popula- 
tion, the  cost  of  effective  work  is  about  30  cents  per  inhabitant  per 
annuiu.  or  an  average  of  $1.50  per  acre  per  annmn. 

tl.  Tlic  estimated  cost  of  keeping  Xew  Jersey  reasonably  free  from 
th(>  pest  is  29  cents  per  inhabitant  per  annum,  or  an  average  of  13  cents 
per  acre.  This  sum  is  provided  for  under  the  New  Jersey  law  quoted 
in   the   pajjcr. 

7.  In  Panama,  the  entire  sanitation  of  the  Canal  Zone  costs  approxi- 
mately $2.43  per  inhabitant  per  annum,  and  the  cost  per  acre  is  $1.14. 
(This  is  about  1%  of  the  cost  of  the  Canal.)  The  breeding  season 
is  twice  as  long  as  that  in  the  latitude  of  New  York  or  Washington, 
and  probably  only  one-half  of  the  sum  expended  was  for  anti-mosquito 
work.  In  order  to  compare  the  Panama  Canal  Zone  with  New  Jersey, 
these  costs  must  be  divided  by  two,  to  separate  the  mosquito  work  from 
other  sanitary  work ;  and  by  two  again,  because  the  breeding  season 
is  twice  as  long  in  Panama ;  and  again  by  two,  to  compensate  for  the 
vast  difference  in  rainfall.  The  result  is  31  cents  per  inhabitant,  or 
14  cents  ]ier  acre  per  annum. 
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Bv  Harold  Farxswortii  Gray,  Jin.  Am.   Soc.  C.  E.f 


Harold  Farnswortii  Gray,  Jun.  Am.  Soc.  C.  E.  (by  letter). — The  Mr. 
writer  is  pleased  with  the  kindly  reception  of  this  paper  by  members 
of  the  Society.  It  was  his  pun:»ose  to  engage  the  interest  of  engineers 
in  the  importance  of  this  subject,  rather  than  to  write  a  treatise  on 
camp  sanitation.  For  this  reason,  brevity  was  considered  essential, 
and  the  subject  matter  was  confined  to  a  statement  of  underlying 
principles,  with  illustrations  of  simple  methods  of  applying  these  prin- 
ciples to  practice.  The  gentlemen  who  have  kindly  contributed  to  the 
discussion  of  this  paper  have  described  methods  and  equipment  which, 
if  a.dapted  to  local  conditions,  will  work  as  well  as,  if  not  better  than, 
those  described  by  the  writer,  which  were  given  as  illustrations 
simply  because  they  had  been  tried  out  under  difficult  conditions  and 
had  proved  effective. 

An  oversight  which  the  writer  regrets  is  that  due  credit  was  not 
given  for  Fig.  2,  Plate  CXXX,  and  Plate  CXXXI.  These  photographs 
were  kindly  furnished  by  W.  B.  Herms,  Assistant  Professor  of  Applied 
Parasitology,  University  of  California,  in  advance  of  publication  of  his 
recent  book,  "Malaria — Cause  mid  Control." 

Mr.  Winsor's  discussion  brings  out  several  important  points.  His 
statement,  "under  all  conditions,  incineration  [of  excreta  and  urine] 
is  much  to  be  preferred  to  the  latrines  suggested  by  the  writer,"  needs 
qualification.  Restating  the  fundamental  principles  of  waste  disposal, 
the  method  is  in  general  satisfactory  if  (1)  during  collection  the 
wastes  are  inaccessible  to  external  agencies  (e.  g.,  flies),  (2)  dur- 
ing collection  they  do  not  constitute  a  nuisance,  and  (3)  they  are  finally 
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Mr.  disposed  of  in  siieli  a  manner  as  neither  to  create  a  nuisance  nor  to 
permit  infection.  Given  two  or  more  satisfactory  methods  of  dis- 
posal, the  decision  must  rest  with  the  most  economical  method  as  re- 
gards cost  of  installation  and  maintenance. 

The  minimum  limitation  of  air  space  in  sleeping  quarters  at  400 
cu.  ft.  per  occupant  has  no  real  practical  significance,  in  the  light  of 
recent  investigations.  The  amount  of  change  of  atmosphere  is  a 
better  criterion  for  the  efficiency  of  ventilation.  For  example,  a  space 
of  100  cu.  ft.  per  occupant  completely  displaced  four  times  an  hour 
will  in  general  give  better  results  than  a  space  of  400  cu.  ft.  changed 
only  once.  Small  ventilator  openings  near  the  ceilings  of  rooms  are 
cheap  and  effective.  In  addition,  the  men  should  be  encouraged  to 
sleep  with  windows  open. 

The  writer  cannot  agree  with  ]\lr.  Winsor  that  the  enforcement 
of  sanitary  regulations  is  a  very  difficult  matter,  unless  it  is  difficult 
to  combine  tact  with  firmness  in  handling  men.  He  has  lived  in 
camps  for  long  periods,  in  close  personal  contact  with  laborers  of 
various  types,  and  has  reason  to  believe  that  they  appreciate  a  square 
deal,  and  that  a  disposition  on  the  part  of  the  contractor  to  have  some 
regard  for  their  comfort  and  health  will  be  met  more  than  half  .way  by 
the  majority.  Pride  in  the  cleanliness  of  the  camp  can  be  easily 
obtained.  The  illustration  given  by  Mr.  Payrow's  last  paragraph  is 
significant. 

jVfr.  Britton  has  indicated  certain  legal  phases  of  the  subject.  In 
view  of  some  recent  decisions,  it  is  now  possible  for  an  employee  suc- 
cessfully to  sue  for  damages  on  account  of  sickness  incurred  in  camp, 
if  negligence  on  the  part  of  the  contractor  can  be  proved.  The  im- 
periling of  the  health  of  communities  adjacent  to  camps  by  reason 
of  unsanitary  conditions  prevailing  therein  is  a  matter  within  the  juris- 
diction of  local  and  State  health  officers,  and  failure  to  secure  proper 
conditions  in  this  respect  is  primarily  the  neglect  of  duty  by  public 
officials,  though  the  contractor  can  by  no  means  be  excused  because  of 
a  lax  enforcement  of  the  law. 

In  reply  to  Mr.  Austin's  query  as  to  screens,  it  may  be  stated  that 
bronze  and  copper  screens  do  not  deteriorate  as  rapidly  as  iron,  espe- 
cially in  moist  climates;  they  are  therefore  more  economical  in  the  long 
run,  and  are  to  be  recommended  for  all  except  temporary  camps.  A 
rusted  and  broken  screen  is  worse  than  useless.  Mr.  Austin's  sugges- 
tion as  to  a  clause  in  contracts  requiring  the  contractor  to  maintain 
proper  sanitation  in  camps  is  excellent,  and  will  work  to  the  benefit 
of  contractor  and  owner  alike. 

Mr.  Payrow's  camp  layout,  though  in  general  excellent,  has  one  de- 
fect. It  will  invariably  be  better  to  separate  completely  the  commissary 
and  mess-house  from  the  sleeping  quarters  by  at  least  40  ft.;  in  winter, 
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a  closed  piissapo  hi'twoon  the  two  may  be  permittorl.  The  use  of  Mr. 
fornialdeliyde  as  described  was  umloubtedly  an  extravagance,  as  it  has  '^^^' 
no  effect  on  flies,  either  adults  or  larvte,  as  a  contact  poison,  except  in 
hiph  concentrations  and  at  a  prohibitive  cost.  In  warm  weather,  a 
few  dishes  of  sweetened  3%  formaldehyde  exposed  where  the  flies  tend 
to  congregate  will  kill  large  numbers  (the  flies  drink  it  eagerly). 
Pyroligneous  acid  sprayed  about  places  where  flies  tend  to  congregate 
will  be  found  useful  as  a  deterrent;  but.  if  proper  attention  is  paid 
to  the  disposal  of  wastes  (excreta,  garbage,  manure,  etc.),  flies,  as 
a  rule,  will  be  so  few  that  the  use  of  poisons  and  deterrents  is 
unnecessary'. 

Mr.  Payrow  mentions  the  use  of  disinfectants.  The  distinction 
between  disinfectants,  insecticides,  and  deodorants  should  be  borne  in 
mind,  and  an  article  suited  to  the  intended  purpose  purchased.  In  » 
buying  disinfectants  proper,  the  manufacturer  should  be  required  to 
give  (especially  if  a  proprietary  compound)  a  guaranty  as  to  the 
potency  of  the  product  in  terms  of  the  U.  S.  Hygienic  Laboratory 
phenol  coefficient,  as  determined  by  an  analysis  of  samples  by  a  reput- 
able laboratory.  The  disinfectant  should  be  purchased  on  the  basis  of 
unit  cost  (price  per  gallon  divided  by  the  phenol  coefficient),  selecting, 
of  course,  the  cheapest  in  unit  cost  thus  determined.  Such  disin- 
fectants should  be  diluted  to  be  equivalent  in  strength  to  about  a  3% 
solution  of  carbolic  acid.  If  proper  cleanliness  is  observed,  however, 
disinfectants  will  seldom  be  necessary. 

The  writer  thanks  Mr.  Miller  for  his  illustration  by  a  concrete  ex- 
am]ile  of  the  value  of  proper  sanitation  in  camps.  He  regrets  that  more 
such  illustrations  were  not  presented,  and  considers  this  an  indication 
that   proper  camp  conditions  are  the  exception. 

The  spirit  of  Mr.  Hardmaii's  criticism  is  especially  fine.  The  writer 
freely  admits  that  he  is  far  more  interested,  as  a  citizen,  in  the 
altruistic  phase  of  the  question;  but  his  endeavor  was  to  make  this  a 
paper  of  engineering  interest.  He  intentionally  addressed  his  argu- 
ment to  the  pocketbooks  of  engineers  and  contractors.  He  sincerely 
hopes,  however,  that,  for  the  honor  of  the  Profession,  the  members 
of  this  Society  will  be  moved  in  this  matter  as  much  by  their  obliga- 
tions as  citizens  as  bv  an.v  economic  benefits  to  be  derived. 
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Bv  W.  W.  Foi.LKTT.  M.  Am.  Soc.  C.  E. 


\V.  W.  FoLLKTT,  M.  Am.  Soc.  C.  E.  (by  letter). — Mr.  Cory's  paper  Mr. 
is  valuable  and  interesting  for  several  reasons.  It  gives  in  chrono-  "  ®**' 
logical  order  the  histors'  of  irrigation  in  the  Imperial  Valley,  culminat- 
ing in  the  terrible  battles  with  the  gigantic  and  treacherous  Colorado; 
it  records  the  impressions  and  beliefs,  after  sober  second  thought,  of 
one  who  was  there  in  responsible  charge  during  the  months  and  years 
of  greatest  stress,  and,  above  all,  it  is  especially  pleasing  to  the  writer 
because  the  author  takes  occasion  to  show  how  uncalled  for  was  the 
hysteria  which  accused  Mr.  Kockwood  of  having  made  a  criminal 
blun<ler  in  opening  the  cut  through  which  the  river  made  the  crevasse.f 

In  Marcli,  1903.  the  writer  made  a  trip  down  the  Colorado  River 
by  rowboat.  starting  at  Yuma  and  going  to  a  place  known  locally  as 
"Mike's  Landing."  which  was  about  80  or  90  miles  by  river  below 
Yuma  and  near  the  head  of  tide-water.  The  return  trip  was  made 
by  wagon,  through  the  delta  lands  west  of  the  river,  along  the  west 
bank  of  Volcano  Lake,  and  to  Calexico. 

On  this  trill,  which  was  made  on  a  Yuma  gauge  of  18.3,  or  about 
1.5  ft.  above  low  water  for  that  season,  it  was  noted  that  the  height 
(>f  the  river  banks  varied  from  5  to  8  ft.  above  the  surface  of  the 
water.  The  maximum  Hood  of  1902  was  24.5  on  the  Yuma  gauge, 
and,  judging  from  the  high-water  marks  on  the  trees,  filled  the  river 
a  trifle  more  than  bank-full,  whether  the  banks  were  5  or  8  ft.  high. 
Apparently,  so  much  water  escaped  as  soon  as  the  banks  were  topped 
that  the  rise  ceased.  After  passing  a  point  about  where  the  crevasse 
of    1905    afterward    occurred,    where   the    width    of    the    channel    was 
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Mr.     800  ft.  or  more,  the  latter  narrowed,  as  water  was  spilled  over  the  banks, 
'  until  it  was  only  410  ft.  between  the  overflow  banks  at  Mike's  Land- 
ing.    These  apparently  did  not  overflow  deeply — although  at  that  time 
there  had  not  been  for  many  years  such  enormous  discharges  as  have 
come  during  the  last  8  or  9  years. 

On  leaving  the  landing,  the  wagon  road  led  directly  away  from  the 
river  for  about  10  miles  and  then  veered  to  the  northward,  toward 
Volcano  Lake.  The  high-water  marks  showed  that  there  was  a  rapid 
fall  in  the  ground  as  the  river  was  left  behind.  Of  course,  these  marks 
were  not  level,  but  fell  away  from  the  river,  as  drift  showed  that  the 
current  had  been  in  that  direction.  The  fall  mentioned  by  the  author* 
— from  5  to  8  ft.  in  the  first  3  000  ft. — was  found,  being  nearer  the 
latter  figure.     After  that,  the  fall  was  more  gradual. 

In  going  north  it  was  noted  that  each  flood-water  channel  crossed 
was  running  on  a  ridge  similar  to,  but  much  smaller  than,  that  on 
which  the  main  river  ran. 

As  a  result  of  that  trip,  the  writer  was  impressed  with  the  idea 
that  the  Colorado  was  nearing  an  epochal  change  in  its  course  across 
its  delta.  It  is  well  known  that  an  alluvial  stream  builds  up  its  banks 
and  beds  across  its  delta  until  it  lies  on  a  ridge;  and  tha.t  finally 
the  time  comes  when  the  river  breaks  away  from  this  ridge,  takes 
a  new  course  to  the  sea  across  the  lower  portion  of  the  delta,  and 
proceeds  to  build  another  ridge.  When  the  stream  reaches  this  condi- 
tion of  instability  it  is  impossible,  except  at  grea.t  expense,  to  keep  it 
on  the  high  ground.  The  writer  had  no  idea,  however,  that  the  river 
would  break  into  the  Imperial  Valley,  but  believed  that  the  ridge 
north  of  Volcano  Lake  and  the  embankment  along  the  canal  of  the 
California  Development  Company,  would  prevent  such  a.  diversion. 

Subsequent  events  have  confirmed  this  idea,  and  the  writer  is  now 
of  the  opinion  that  any  money  which  may  be  spent  in  attempting 
to  close  the  Abejas  Crevasse  will  be  wasted,  because,  even  if  it  is 
closed  and  held,  the  river  will  break  out  again  somewhere  else. 

The  author  has  shown  quite  clearlyf  that  no  serious  grade  recession 
has  resulted  from  the  Abejas  Crevasse.  As  the  river  has  been  running 
through  this  opening  for  4  years,  during  which  time  there  have  come 
the  two  largest  floods  ever  known,  it  is  fair  to  assume  that  no  further 
grade  recession  will  occur,  but  that  a  new  delta  is  forming,  pointing 
toward  Volcano  Lake,  and  that  the  tendency  henceforward  will  be  for 
the  bed  of  the  river  to  rise.  Therefore,  no  danger  to  the  water  supply 
,of  the  California  Development  Company  nor  to  Laguna  Dam  is  to 
be  expected.  It  is  best,  therefore,  to  recognize  this  as  an  epochal 
change,  allow  the  river  to  take  its  own  course  to  the  Gulf,  and  protect, 
the  Imperial  Valley  by  raising  and  strengthening  periodically  the  levee 
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wliich  lies  north  of  Volcano  Lake  and  extends  back  to  the  rirer.     For     Mr. 
the  valley  this  will  be  a  sure  protection,  which  the  closing  of  the  Abejas 
Crevasse  would  not  alford  for  any  Iciiprth  of  time. 

Attention  is  called  to  the  narrow  gorge  between  levees,  which  be- 
gins opposite  Andrade  and  extends  for  2  miles  down  stream.  The 
levees  average  about  1  500  ft.  apart,  with  a  width  of  river  channel  of 
1  000  ft. ;  that  is.  the  average  berm  on  each  side  between  the  river 
and  the  levee  is  only  250  ft.,  and,  in  some  places,  it  is  probably 
narrower.     This  condition  is  shown  on  Plate  CXVIIL* 

If,  during  some  flood,  the  current  of  the  river  should  be  deflected 
so  as  to  strike  the  right  bank,  and  scouring  began,  it  is  the  Avriter's 
belief  that  the  levee  and  canal  bank  would  be  eaten  away  like  sugar, 
and  the  river  would  be  diverted  into  the  canal  and  down  the  Alamo, 
again   reaching  the   Salton   Sea. 

To  prevent  this  diversion,  a  safety  gate  can  be  built  about  2  miles 
below^  the  Hind  Dam  (see  Plate  CXVIll*).  At  this  point,  the  Eock- 
wood  Crevasse  channel  touches  the  sand  hills  on  the  north,  and  a  cross- 
levee  could  be  built  from  the  gate  to  the  main  levee  on  the  south.  As 
there  is  much  fall,  a  drop  would  probably  be  needed.  In  this  might  be 
jilaced  gates,  if  thought  best,  which  could  be  used  for  sluicing  sand 
from  the  canal  above. 

The  writer  was  on  the  ground  several  times  prior  to  the  closure 
of  the  crevasse  by  the  Hind  Dam,  and  was  strongly  impressed  with 
the  danger  of  the  river  "sideswiping"  the  canal  in  this  narrow  stretch. 
If  it  starts  to  shift,  the  efforts  of  man  to  stop  it  will  seem  puny  in 
comparison  with  the  immense  destructive  force  of  the  current.  It  is 
stated  that,  in  the  Edinger  Dam,  piles,  64  ft.  long,  were  driven  more 
than  50  ft.  into  the  bed  of  the  river,  and  that,  when  the  flood  struck 
them,  they  scoyred  out  and  floated  away;  they  were  not  broken,  but 
came  out  bodily.  Attention  is  called  to  the  author's  statement  that, 
in  1907  and  again  in  1909,  it  was  found  that  for  an  increase  of  10  ft. 
in  the  gauge  height  at  Yuma  there  was  a  lowering  of  the  bed  of  about 
30  ft.f  This  was  where  the  river  w^as  flowing  in  a  straight  and  un- 
impeded channel.  It  is  not  possible  to  say  how  deep  it  would  scour 
in  a  sharp  bend.  It  would  be  deep  enough,  however,  to  undermine  and 
destroy  the  levee,  regardless  of  any  rip-rapping  which  might  be  on  its 
face,  or  any  rock  which  might  be  hastily  dumped  into  the  river.  It 
is  the  writer's  belief  that  this  is  a  serious  menace  to  the  Imperial 
Vnllcy.  The  fact  that  the  river  channel  is  now  practically  straight  for 
about  4  miles  is  almost  proof  positive — bearing  in  mind  the  idiosyn- 
crasies of  an  alluvial  stream — that  it  will  not  remain  in  that  condition 
very  long.  Whichever  way  the  bend  may  start,  the  current  will  soon 
be  attacking  both  sides,  as  it  will  rebound  from  one  bank  to  the  other. 
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By  J.  C.  Meem,  M.  Am.  Soc.  C.  E. 


J.  C.  Meem,  M.  Am.  Soc.  C.  E.  (by  letter). — It  would  appear  to  the    Mr. 
writer  that  a  road  built  under  the   author's  specifications  would   un-  ^®^™- 
doubtedly  have  good  wearing  qualities  if  it  did  not  become  too  dry. 
It   is   suggested,  therefore,   that   a  frequent  sprinkling  or   application 
of  oil  would  insure  its  lasting  quality  in  the  same  ratio  that  its  original 
value  might  bear  to  that  of  a  road  built  by  the  alternative  method. 

The  presentation  of  this  paper  reminds  the  writer  of  a  piece  of 
macadam  road  which  the  author  constructed  on  a  private  estate  in 
Virginia.  About  2  miles  of  ordinary  country  road  were  macadamized, 
and  a  highway  bridge  was  built  over  a  tributary  of  the  Shenandoah 
River.  The  macadam  work  consisted  of  a  12-ft.  roadway,  which  was 
"metalled"  according  to  the  .specifications  of  this  so-called  improveti 
method,  with  berms  of  earth  3  ft.  wide  on  each  side,  and  with  under- 
drains  outside  of  these,  as  noted  later.  This  road  is  wearing  very  well, 
after  2  years  of  such  traffic  as  country  roads  ordinarily  get  from  heavy 
farm  wagons  and  occasional  automobiles;  and,  although  no  compara- 
tive values  are  obtainable,  its  good  condition  is  believed  to  be  due 
partly  to  the  fact  that  under-drains,  in  a  trench  12  in.  wide  and  2  ft. 
deep,  and  surrounded  with  broken  stone,  were  laid  to  a  uniform  grade 
on  each  side,  giving  perfect  drainage  to  the  highway.  The  rock  used 
was  the  native  blue  limestone,  quarried  and  crushed  on  the  estate. 

In  connection  with  this  work,  the  writer  designed  a  reinforced  con- 
crete highwny  bridge,  which  was  built  by  the  author.  The  question  of 
surfacing  tlie  roadway  of  the  bridge  was  an  important  one.  It  was 
not  deemed  advisable  to  carry  the  macadam  over  the  roadway,  as   it 
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Mr.    was  thought  that  its  tendency  to  dry  out  and  disintegrate  would  be 


Meem 


much  greater  than  in  an  ordinary  road  in  contact  with  earth.  The 
following  method  was  finally  adopted :  The  upper  or  compression  side 
of  the  concrete  was  troweled  to  a  very  compact  and  smooth  svirface, 
and,  on  this,  there  was  placed  about  1  in.  of  lean  cement  mortar,  over 
which,  in  turn,  from  i  to  |  in.  of  sand  was  sprinkled  before  the  mortar 
had  set.  The  bridge  has  now  been  in  use  about  2  years,  and  this 
surface  is  apparently  giving  satisfaction.  As  this  method  of  surfacing 
was  in  the  nature  of  an  experiment,  the  writer  will  be  greatly  inter- 
ested in  observing  from  time  to  time  the  wearing  qualities  which  it 
develops. 
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By  Messrs.  L.  J.  Le  Conte  and  E.  D.  Coombs. 


L.  J.  Le  Conte,  M.  Am.  Soc.  C  E.  (by  letter). — The  writer  is  very  Mr. 
much  interested  in  the  subject  presented  in  this  paper,  inasmuch  as  Le  Conte. 
he  was  officially  connected  with  the  progressive  changes  made  in  the 
proposed  plans,  and  in  the  final  acceptance  of  the  bridge  after  comple- 
tion. The  local  struggles  with  bad  foundations  make  the  construction 
of  the  "Dumbarton  Cut-off"  one  of  the  most  instructive  pieces  of 
bridgework  in  the  State  of  California. 

The  first  trouble  encountered  was  when  an  attempt  was  made  to  put 
in  ordinary  trestle  approaches  from  the  shore  line  on  each  side  out  to 
the  site  of  the  draw  span.  These  approaches,  as  well  as  the  draw  span, 
were  double-track  structures.  After  a  long  and  expensive  struggle,  it 
was  found  to  be  impossible  to  maintain  a  trestle  bridge  in  the  deep 
and  strong  tidal  currents  which  prevail  at  the  bridge  site.  It  was 
finally  concluded  to  put  in  six  180-ft.  through  riveted  spans,  three  on 
each  side  of  the  draw  span.  This  caused  a  great  increase  in  the  cost, 
which  was  naturally  very  embarrassing. 

The  troubles  with  bad  foundations,  however,  had  just  begun  to  de- 
velop. For  the  land  approach  across  the  salt  marsh  from  Newark, 
westward  to  the  bay  shore,  the  plan  adopted  was  to  build  the  embank- 
ment by  dredging  two  canals  (one  on  each  side),  and  depositing  the 
material  in  the  embankment  lying  between.  This  method  led  to  much 
trouble  in  the  maintenance  of  way.  The  first  tracks  laid,  of  course, 
were  only  for  construction  trains,  but  the  embankment  settled  so 
irregularly  that  the  track  lines  could  not  be  kept  passable,  even  for 

*  This  discussion  (of  the  paper  by  E.  J.  Schneider,  M.  Am.  Soc.  C.  E.,  published  in 
.Taniiiiry,  VMi.  Frocei'dings,  and  presented  at  the  meetine  of  March  19th,  1913),  is  printed  in 
Pracri'^liiigs,  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 
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Mr.  them,  which  means  a  great  deal  to  one  of  experience.  This  trouble 
Le  Conte.  continued  during  the  time  of  the  construction  of  the  steel  bridge  in 
its  entirety.  The  track  lines  could  not  be  maintained  in  serviceable 
condition,  because  of  the  settlement  of  the  embankment  and  the  gradual 
rising  of  the  beds  of  the  two  canals  on  each  side.  Finally,  the  Southern 
Pacific  Company,  in  desperation,  obtained  two  hydraulic  dredges,  and 
put  them  to  work  filling  up  the  two  canals  with  good  heavy  materials, 
dredged  from  the  bay  shore  and  deposited  through  two  long  pipe  lines. 
This  expedient  had  the  desired  result,  and  settlement  of  the  embank- 
ment practically  came  to  an  end.  The  permanent  track  lines  were  then 
established  and  well  ballasted,  and  the  "Dumbarton  Cut-off",  after 
three  years'  operations,  was  officially  opened  to  general  traffic  on 
September  30th,  1910. 

The  author's  description  of  the  method  of  putting  in  the  center 
pier  of  the  draw  span  is  most  interesting  and  instructive.  Of  course, 
engineers  differ  as  to  the  best  method  of  laying  concrete  under  water. 
The  writer  is  decidedly  in  fa,vor  of  the  judicious  use  of  the  "tremie", 
as  being  the  most  rapid,  and  therefore  the  most  satisfactory,  method. 
The  principle  to  bear  constantly  in  mind  is  that,  where  the  face  of  the 
freshly  laid  concrete  is  being  constantly  washed  by  the  ponded  water, 
the  faster  the  concrete  is  laid  the  less  effect  the  water  will  have  on  it. 
,  By  rushing  the  rate  of  laying,  the  water  has  not  time  enough  to  act 
on  any  one  face  before  a  new  layer  is  right  on  top  of  it,  hence,  the 
quicker  the  laying  is  done,  the  better  the  results. 

This  principle  was  first  called  to  the  writer's  attention  in  1872, 
by  the  late  Gen.  B.  S.  Alexander,  Corps  of  Engineers,  U.  S.  A.,  who 
stated  that  he  got  it  from  the  late  Gen.  Joseph  Gilbert  Totten,  Corps  of 
Engineers,  U.  S.  A.,  Hon.  M.  Am.  Soc.  C.  E.,  at  Dry  Tortugas,  off 
the  south  end  of  Florida.  The  experience,  therefore,  is  of  long 
standing. 

The  writer  wishes  to  express  his  profound  regards  for  the  late  Mr. 
W.  E.  Marsh,  Assistant  Engineer,  Southern  Pacific  Company,  who 
extended  many  courtesies  to  him  during  his  official  inspections.  The 
Dumbarton  Bridge  stands  to-day  as  a  lasting  monument  to  wise  judg- 
ment and  good  construction. 

Mr.  R.  D.   Coombs,  M.   Am.   Soc.   C.   E. — The  speaker  is   particularly 

'^^^  ^'  impressed  with  the  size  of  the  piles  used,  the  lengths  being  from  60 
to  120  ft.  and  the  diameter  of  the  tips  either  9  or  10  in.  In  the  East 
such  sizes  are  not  obtainable  for  ordinary  work.  The  question  arises : 
Was  it  thought  necessary  to  use  large  tips  in  order  to  increase  the 
bearing  power  of  the  piles,  a  necessity  not  indicated,  at  least  to  the 
speaker's  mind,  if  the  underlying  soil  was  sand  and  clay? 

A  certain  proportion  of  the  foundation  piles  extended  up  into  the 
concrete  piers,  presumably  as  an  anchorage,  and  the  speaker  would  in- 
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quiro  whether  such  piles  were  peeled.     In   several  cases  in  which  the      Mr. 
concrete  foundations  were  very  shallow,  the  speaker  has  extended  the  C*'*^"''^- 
piles  as  far  as  possible  into  the  concrete,  using  peeled  piles  with  spikes 
driven    into    sides    of    the    embedded    portion.      The    exact    anchorage 
value  of  this  method   is  not  definitely   known,  but  it  is  undoubtedly 
considerable. 

lu>f<'rriiig  to  the  advisability  of  penetrating  so-called  crusts,  the 
six'aktT  l)(>lieves  it  is  usually  necessary  to  do  so  in  pile  work,  particu- 
larly wlitM-e  the  "crust"  is  a  vegetable  deposit  underlaid  by  sand  or 
clay,  or  both.  In  some  sections  of  the  New  Jersey  swamps  there  is  a 
lieat-like  deposit  about  10  ft.  deep,  which,  if  unbroken,  might  carry  a 
highway  load,  but  is  useless  for  pile  foundations.  However,  the  sand 
and  clay  below  will  support  heavy  loads  by  skin  friction  very 
effectually. 

Is  it  not  true  that  the  old  formula  for  the  drop-hammer  is  just  as 
inaccurate  as  any  new  formula  for  the  steam-hammer?  Is  not  pile- 
driving  mainly  a  matter  of  judgment?    In  the  speaker's  opinion,  it  is. 

As  an  illustration,  two  more  or  less  typical  experiences  may  be 
cited :  In  one,  the  foreman  informed  the  speaker  that  he  had  just 
driven  a  spliced  pile  190  ft.  long.  Naturally,  he  was  at  once  assured 
that  he  had  not  done  anything  of  the  kind.  The  fact  was  that,  through 
a  conscientious  attempt  to  obtain  the  usual  penetration  per  blow,  the 
piles  were  being  broken  at  the  splices  and  driven  horizontally.  Hard 
bottom  was  not  more  than  40  ft.  below  the  surface. 

In  the  second  case,  piles  from  65  to  75  ft.  long,  driven  in  blue  clay, 
for  a  wharf,  were  stopped  under  easy  driving  to  prevent  them  from 
going  below  cut-off.  A  few  months  later,  stevedores  unloaded  80-lb. 
rails  on  the  wharf,  piling  them  6  ft.  high,  and  there  was  no  settlement. 
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By  L.  J.  Mexscii,  M.  Am.  Soc.  C.  E. 


L.  J.  Mensch,  M.  Am.  Soc.  C.  E.  (by  letter). — These  tests  present  Mr. 
scientific  proof  of  facts  which  are  well  known  to  the  experienced  ^®°^*^''- 
worker  in  reinforced  concrete,  but  are  often  questioned  by  engineers 
and  architects.  They  prove  clearly  that  joints  in  reinforced  concrete 
construction  can  be  made  as  strong  as  a  monolithic  piece  of  work, 
provided  they  are  amply  reinforced.  It  is  to  be  hoped  that  they  will 
be  studied  by  engineers  and  architects,  and  that  a  study  of  this  kind  will 
prevent  such  an  experience  as  happened  to  the  writer  some  years  ago 
in  Salt  Lake  City:  He  was  constructing  some  girders  of  52-ft.  span, 
and  the  architect  compelled  the  men  to  finish  the  girders  and  slabs  in 
one  operation,  making  them  work  20  hours  at  a  stretch  and  thereby 
disorganizing  the  whole  gang  for  a  week. 

These  tests  also  demonstrate  clearly  the  great  influence  of  stirrups 
on  the  strength  of  reinforced  concrete  T-beams. 

Beams  of  Type  C^  having  the  same  longitudinal  reinforcement  as 
those  of  Type  A,  but  not  as  many  stirrups,  show,  in  the  average,  17% 
less  strength  than  the  latter.  In  the  calculation  of  these  stirrups, 
it  will  be  of  interest  to  apply  the  rules  recommended  by  the  Joint 
Committee.  The  area  of  both  legs  of  a  f^-in.  round  stirrup  is  0.153 
sq.  in.,  and  that  of  a  x^-in.  round  stirrup  is  0.055.S  sq.  in.  The  safe  shear 
in  these  beams  will  be  assumed  to  be  one-eighth  of  the  total  load 
given  in  Table  2,  and  amount  to  6  350  lb.  for  beams  of  Type  A  and 
5  380  lb.  for  beams   of   Type   C.     The   Joint   Committee  recommends 

•This  discussion  (of  the  paper  bv  Lewis  J.  Johnson,  M.  Am.  Soc.  C.  E.,  and  John  R. 
Nichols,  Jim.  Am.  Soc.  C.  E.,  publisher!  in  February.  1913,  Proceedings,  and  presented  at  the 
meeting  of  April  2d,  191.3).  is  printed  in  Proceedings,  in  order  that  the  views  expressed  may 
be  brought  before  all  members  for  further  discussion. 
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Mr.,     the  use  of  only  two-thirds  of  these  values  in  the  formula;  they  are, 

Mensch.  therefore,  4  230  lb.  in  Type  A  and  3  580  lb.  in  Type  B;  assuming i(i 

=   11    in.,    then    the   spacing    of   the    stirrups    for    Type    A    equals 

16  000  X  0.153  X  11         ,   .  ,   .       ^  ^  16  000  X  0.0553  X  11 

—  7  m.,  and  for  Type  B  .,  ...,„  ., 

4  230  1b.  '  3  580  1b. 

=  3  in.,  which  is  not  a  very  good  agreement. 

From  other  tests,  the  writer  has  reason  to  believe  that  a  beam 
with  the  same  longitudinal  reinforcement,  but  without  stirrups,  would 
have  failed  at  a  load  of  about  38  000  lb.,  or  at  one  corresponding  to  a 
safe  shear  of  4  750  lb. 

Assuming  that  the  excess   of   shear   is   taken   up   by   the   stirrups, 

(6  .350  —  4  750)  X  5.5 
then   the  stress  in  beams  of   Type    A   equals  0  153  X  11 

(5  380  —  4  750)  X  5.5 
=  5  230  lb.  per  sq.  in.,  and  in  beams  of  Type  B, 0  0553  X  11 

=  5  700  lb.,  which  is  a  better  agreement,  and  shows  that  the  stirrups 
in  Type  B  are  more  highly  stressed  than  those  in  Type  A,  although 
these  stresses  are  probably  fictitious. 

According  to  the  authors,  the  reinforcing  bars  were  probably  cold 
twisted.  In  the  writer's  opinion,  however,  they  certainly  were  cold 
twisted,  and  are  equivalent  to  high-carbon  steel  bars. 

According  to  the  Chicago  building  ordinance,  a  stress  of  18  000  lb. 
is  allowed  for  this  grade  of  steel.  It  is  very  important  to  note  that 
Type  A  beams  failed  at  a  stress  of  58  750  lb.,  showing  a  factor  of 
safety  of  only  3.25,  and  Type  C  beams  at  51  650  lb.,  showing  a  factor 
of  safety  of  only  2.87,  in  bending.  On  the  other  hand,  tests  made  by 
Professor  Schiile,  of  Ziirich,  Switzerland,  and  by  others,  prove  that 
concrete  beams  with  low  end  shear,  and  reinforced  with  steel  of  this 
grade,  have  failed  at  a  stress  in  the  steel  of  about  72  000  lb.  per  sq.  in., 
and  some  tests  with  a  higher  grade  of  steel,  show  a  stress  as  high  as 
140  000  lb.  per  sq.  in.  This  poor  showing  of  the  longitudinal  rein- 
forcement, in  the  case  of  beams  with  high  end  shear,  is  confirmed  by  a 
great  number  of  practically  identical  tests  of  monolithic  beams  made 
by  Professor  Bach,  of  Stuttgart,  in  1911.  In  order  to  gain  a  high 
resistance  to  shear,  therefore,  we  have  to  sacrifice  a  high  resistance  to 
bending. 

It  is  also  very  important  to  note  that  the  weight  of  the  stirrups 
in  beams  of  Type  A,  with  a  stem  width  of  only  4  in.  and  a  total 
height  of  only  15  in.,  is  2.2  lb.  per  lin.  ft,  of  beam,  or  33%  of  the 
weight  of  the  longitudinal  reinforcement.  If  tests  had  been  made 
on  beams  with  a  stem  width  of  16  in.  (such  beams  often  occurring  in 
practice),  the  weight  of  the  stirrups  would  have  amounted  to  9  lb. 
per  lin.  ft. 

Stirrups  cost  very  much  more  per  pound  in  place  than  longitudinal 
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reinforcement,  very  often  from  50  to  100%  more,  and  it  is  clear  that     Mr. 
it  is  cheaper  to  increase  the  width  of  the  stem  than  to  provide  such  an 
excess  of  stirrups. 

The  writer  cannot  agree  with  the  authors'  conclusion,  that  an  allow- 
able stress  of  125  lb.  in  shear  is  low  enough.  On  the  contrary,  he  con- 
siders it  a  limit  which  should  only  be  adopted  very  rarely,  and  then 
only  by  experts,  as  it  leads  to  uneconomical  and  dangerous  designs. 
This  high  resistance  of  end  shear  could  not  have  been  obtained  if  the 
anchorages  of  both  straight  and  bent  bars  had  not  been  unusually  well 
designed,  which  is  rarely  done  in  practice.  Ordinary  hooks,  .']  or 
4  in.  long,  would  never  have  given  these  high  results. 

It  is  also  evident  that  the  substitution  of  plain,  round,  high-carbon 
bars  for  the  twisted  bars,  would  have  somewhat  delayed  the  splitting 
of  the  beams  at  the  ends. 

The  tests  of  beams  of  Type  B  are  certainly  surprising.  It  must 
be  kept  in  mind,  however,  that  the  stress  of  the  longitudinal  reinforce- 
ment is  very  low,  that  the  weight  of  the  stirrups  is  66%  of  that  of 
the  longitudinal  reinforcement,  and  that  their  cost  is  certainly  greater 
than  that  of  a  corresponding  increase  of  width  of  the  web.  Professor 
Bach  also  made  a  great  number  of  tests  of  beams  similar  to  Type  B, 
but  obtainetl  shearing  stresses  of  only  550  lb.  per  sq.  in. 

In  the  tests  made  by  Professor  Bach,  and  more  so  in  the  tests 
described  in  this  paper,  especially  for  beams  of  Type  B,  the  span  is 
unusually  small.  It  is  well  known  that  the  results  for  resistance  to 
shearing  and  bond  of  the  concrete  to  the  steel  rods  are  more  favorable 
in  beams  of  small  span,  and  the  high  shear  of  880  lb.  could  never  have 
been  obtained  in  a  test  beam  20  ft.  long. 
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FREMANTLE  GRAVING  DOCK : 
STEEL   DAM    CONSTRUCTION   FOR   NORTH   WALL. 

Discussion.* 


By  a.  E.  Archer,  Assoc.  M.  Am.  Soc.  C.  E. 


A.  R.  Archer,  Assoc,  M.  Am.  Soc.  C.  E.  (by  letter). — The  work  dc-     Mr. 
scribed  by  Mr.  Ramsbotham  is  noteworthy  by  reason  of  the  unusual  ^^  ^^' 
conditions  surrounding  the  driving  of  the  steel  sheet-piling,  the  varied 
character  of  the  ground  through  which  it  was  driven,  and  the  extreme 
penetration  obtained  on  the  shore  side,  that  is,  at  the  back  of  the  embay- 
ment  for  the  pumping  station. 

In  designing  the  bracing  the  author  evidently  desired  to  use  a 
uniform  size  of  timber  throughout,  with  as  little  framing  as  possible, 
and,  had  it  been  necessary  to  brace  the  dam  for  the  full  depth  of  the 
diagram  shown  in  Fig.  3,  the  spacing  of  the  wales  near  the  bottom 
would  have  been  too  close,  as  far  as  the  strength  of  the  steel  skin 
was  concerned.  Within  the  limits  to  which  excavation  actually 
progressed,  the  spacing  approximated  very  closely  to  that  which  the 
manufacturers  of  the  piling  recommended,  but  at  greater  depths  this, 
necessarily,  depends  more  on  the  character  of  the  ground  than  on  any 
theoretical  considerations.  The  details  of  the  bracing  are  in  accord- 
ance with  modern  American  practice,  but  the  hardness  of  the  jarrah 
wood  used  evidently  permitted  the  omission  of  short  foot-blocks  at 
each' end  of  the  shores,  in  the  lower  tiers  of  bracing,  such  as  are  com- 
monly used  in  the  United  States  to  reduce  the  span  of  the  wales  and 
prevent  the  end  of  the  shore  cutting  into  the  face  of  the  waling, 
something  which  the  writer  has  observed  several  times  in  relatively  deep 
coffer-dams  in  which  these  foot-blocks  were  omitted.     The  bracing  as 

*  This  discussion  (of  the  paper  by  Joshua  Flelden  Ramsbotham,  Assoc.  M.  Am.  Soc.  C.  K., 
published  in  February.  1913,  Proceedings,  and  presented  at  the  meeting  of  April  2d,  1018), 
is  prmted  in  Proceedings,  iu  order  that  the  views  expressed  may  be  brought  before  all 
members  for  further  discussion. 
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Mr.  a  whole  was  designed  for  water  pressure,  but,  from  the  conditions 
shown  in  the  diagrams,  that  portion  of  the  coffer-dam  forming  the 
shore  side  of  the  embayment  for  the  pumping  station  was  subjected  to 
earth  pressure,  and  it  would  be  interesting  to  learn  whether  there  was 
any  indication  of  this  exceeding  the  calculated  water  pressure.  That 
something  of  the  sort  was  anticipated  is  shown  by  the  use  of  the  con- 
crete anchors  with  wire  cable  ties  shown  on  Figs.  2  and  4. 

The  author  has  made  several  suggestions  to  the  manufacturers 
of  the  steel  sheet-piling,  and  in  justice  to  the  latter  it  should  be  stated 
that  the  pamphlet*  published  by  them  in  1912,  covers  most  of  the  points 
to  which  attention  has  been  drawn.  A  copy  of  this  pamphlet  is  in 
the  Library  of  the  Society,  and  therefore  available  for  reference  by 
members. 

In  view  of  the  large  area  to  be  unwatered — 10  453  sq.  ft. — and  the 
severe  leakage  from  the  bottom,  one  might  assume  that  leakage  through 
the  joints  of  the  steel  sheet-piling  was  not  a  serious  factor;  some  in- 
formation on  this  point  would  be  of  value.  It  is  also  to  be  assumed 
that  the  rapid  corrosion  of  the  steel  by  the  discharge  of  sulphureted 
hydrogen  would  rapidly  check  any  leaks  which  might  exist. 

The  author  should  have  the  thanks  of  the  entire  Profession  for  his 
very  careful  description  of  grouting  the  bottom,  as  this  is  a  subject  on 
which  but  scant  information  can  be  gleaned  from  published  engineer- 
ing works. 

*  "Steel  Sheet  Piling  :  Tables  and  Data  on  the  Properties  and  Usat*  of  Sections." 
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CHAl^ACTERISTICS  OF 

CUP  AND  SCREW  CURRENT  METERS 

PERFORMANCE  OF  THESE  METERS  IN  TAIL-RACES 

AND  LARGE  :\[OUNTAIN  STREAMS 
STATISTICAL  SYNTHESIS  OF  DIS(^HARGE  CURVES. 

Discussion.* 


By  Messrs.  C.  W.  Staniford  and  B.  F.  GROAT.f 


C.  W.  Staniford,  M.  Am.  Soc.  C.  E. — The  speaker  would  like  to       Mr. 
ask  Mr.  Groat  or  Mr.  Hoyt  whether  any  of  the  current  meters  men-     **"'  °^  ' 
tioned — the  Haskell,   the   Price,   the   Ellis,   or   perhaps    the   admirable 
German  instruments — after  being  rated  in  fresh  water  (still  water,  of 
course),   have  been   used   in   salt  water;   and  what  percentage   of  ac- 
curacy can  be  obtained  with  such  meters  in  salt  water? 

If  such  instruments  have  been  rectified  against  corrosion,  and 
against  short-circuiting,  can  they  be  relied  on  when  used  in  salt 
water  ? 

B.  F.  Groat,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — If  one  will  Mr. 
examine  the  papers  and  discussions  concerning  current  meters  pub- 
lished since  the  original  study  was  made  by  Frederic  P.  Stearns,  Past- 
President,  Am.  Soc.  C.  E.,  in  1879,:}:  it  will  bo  found  that  there  is  much 
uncertainty  among  engineers  concerning  the  reliability  of  these  instru- 
ments, with  which,  up  to  the  present  time,  there  does  not  seem  to  have 
been  any  generally  .satisfactory^  and  generally  adopted  practice.  These 
facts  are  in  sharp  contrast  to  those  connected  with  the  use  of  other  engi- 
neering instruments,  such  as  the  transit  and  level.  No  method  can  be 
deemed  generally  satisfactory  until  it  meets  the  general  approval  of 

*  Continued  from  February,  1913.  Proceedings^ 
t  Author's  closure. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  XII,  1883,  p.  .TOl. 
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Mr.  practitioners.  So  long  as  there  is  lack  of  agreement  between  various 
classes  of  current-meter  observers,  not  only  as  to  the  general  method 
of  procedure,  but  also  as  to  the  reliability  of  various  types  of  instru- 
ments, there  can  be  no  such  thing  as  a  satisfactory  current-meter 
practice. 

When  it  becomes  generally  realized  that  current  meters  obey  their 
still-water  ratings  only  when  the  conditions  of  flow  are  ideal,  and 
that  cup  meters  are  affected  in  one  sense  and  screw  meters  in  the 
contrary  sense,  it  will  be  apparent  that  there  is  a  real  reason  for  the 
diversity  of  opinion  concerning  the  reliability  of  current-meter  work. 

The  writer,  therefore,  was  inspired  by  the  hope  that  this  paper 
might  reopen  the  discussion  and  possibly  put  in  motion  an  effort 
to  improve  the  ciirrent  meter. 

Appended  to  the  paper  there  is  a  brief  description  of  a  new  system 
of  taking  discharge  observations  and  a  new  method  of  constructing 
the  discharge  curve.  This  system  and  method  have  been  applied  most 
successfully  in  a  number  of  cases,  and  are  worthj^  of  the  attention 
of  those  contemplating  a  series  of  gaugings  at  one  or  more  stations. 

The  method  of  synthesizing  a  discharge  curve  is  not  an  invention 
of  the  writer  which  he  is  trying  to  introduce,  but  is  a  well-established 
method  used  by  physicists  and  practicing  engineers  in  determining 
various  kinds  of  relations  between  observed  magnitudes.  It  consists 
simply  in  separating  a  given  investigation  into  its  elementary  parts 
and  drawing  a  curve  for  each,  the  final  relations  being  derived  from  the 
elementary  curves  or  relations.  The  fact  that  the  sum  of  the  velocities 
at  a  given  set  of  meter  points  at  a  gauging  station  forms  such  an 
elementary  relation,  when  plotted  as  a  function  of  the  gauge  height, 
leads   to   the   term   "statistical." 

The  main  advantage  of  the  statistical  method  is  that  the  entire 
series  of  gaugings,  extending  over  a  long  series  of  years',  may  be  con- 
nected into  a  consistent  whole.  The  peculiar  characteristics  of  a 
station  may  be  studied  from  the  elementary  curves.  If  any  change 
'  or  break  occurs  in  one  or  more  of  the  elementary  curves,  a  correspond- 
ing change  or  break  has  taken  place  in  one  or  more  of  the  physical 
characteristics  or  hidden  conditions  of  the  station.  This  is  especially 
true  of  the  sum  of  the  velocities  at  a  given  set  of  meter  points,  be- 
cause the  sum  forms  a  fixed  relation  between  velocity  and  stage.  The 
sum  is  chosen  because,  in  taking  a  number  of  velocities,  the  accidental 
variations  and  errors  in  the  velocities  eliminate  themselves.  That  is 
why,  even  at  turbulent  stations,  a  smooth  curve  can  be  drawn  through 
the  plotted  values  of  the  sum,  with  errors  well  within  1  or  2%,  as 
extremes.  It  is  not  likely  that  changes  in  the  hidden  conditions  at  a 
station  would  be  detected  by  any  other  method.  They  would  be  set 
down  simply  as  unaccountable  variations. 
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Another  very  important  advantage  of  tlie  statistical  method  is  Mr. 
that  it  affords  at  once  the  most  independent  and  most  easily  secured 
check  on  the  velocity  readings.  Indeed,  the  sum  of  the  velocities 
must  plot  on  a  definite  curve,  and  this  enables  one  to  check  the  meter 
work  at  any  newly  observed  stage  with  that  at  any  other  stage  within 
10  min.  after  all  the  velocities  for  the  former  have  been  recorded. 

The  writer  is  glad  to  know  that  his  Conclusion  1,  concerning  cup 
meters,  is  generally  recognized.  Under  certain  nearly  ideal  conditions, 
such  meters  will  give  good  results,  but,  the  moment  the  conditions 
are  changed  in  the  slightest  degree,  the  still-water  rating  becomes  more 
or  less  inapplicable,  with  a  resulting  constant  or  systematic  error. 

Nevertheless,  it  would  be  perfectly  safe  to  use  a  cup  meter  in 
turbulent  water  if,  where  used,  it  were  rated  with  a  Pitot  tube.  The 
fact  that  the  meter  runs  with  fidelity  under  such  circumstances  is 
another  of  the  conclusions  drawn  in  the  paper,  and  one  should  not  lose 
sight  of  this  good  quality.  It  may  also  be  remarked  that  this  is  a 
fact  which  does  not  seem  to  have  been  generally  recognized.  Cup 
meters  will  undoubtedly  have  their  uses,  but  improvements  in  the 
means  for  obtain'ing  their  ratings — not  still-water  ratings,  but  actual 
ratings  at  the  time  and  place  of  use — are  imperative.  It  will  do  to  talk 
about  refined  ratings  when  probable  errors  are  reduced  to  values 
of  less  than  from  3  to  5  per  cent. 

After  reading  the  discussions  one  can  scarcely  shake  off  the  idea 
that  the  niceties  demanded  for  the  conditions  under  which  cup  meters 
must  be  rated  are  altogether  out  of  proportion  to  the  degree  of  ac- 
curacy attainable  with  these  meters  in  stream  gauging.  If  a  cup 
meter  cannot  be  rated  accurately  from  a  boat  when  operated  carefully, 
owing  to  changes  in  rating  due  to  the  slight  irregularities  of  motion, 
what  must  be  the  effect  on  such  a  meter  when  subjected  to  the  far 
greater  irregularity  of  the  motion  of  the  water  at  a  fairly  good  gauging 
station,  to  say  nothing  of  the  errors  to  be  expected  at  a  really  turbulent 
station. 

The  writer  believes  that  Mr.  Miller  made  an  important  discovery 
in  current-meter  engineering  when  he  noticed  that  cups  over-register 
considerably  and  screws  under-register  slightly  in  agitated  water.  In 
due  time  this  fact  will  impress  itself  on  engineers  generally,  and 
lead  to  a  meter  which  obeys  its  still-water  rating  more  closely  than 
any  hitherto  made. 

The  Haskell  meter  is  so  nearly  correct  under  a  wide  range  of 
conditions  that  it  would  seem  to  require  only  slight  modification, 
as  suggested  in  the  paper,  to  render  it  almost  independent  of  condi- 
tions. It  would  be  a  delightful  task,  for  some  one  who  has  the  time 
and  means,  to  develop  such  a  meter.  Meantime,  it  cannot  be  too 
strongly  urged  on  hydraulic  engineers  that  a  screw  current  meter  is  the 
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Mr.    most  reliable  kind  for  measuring  the  velocities  of  flowing  water  when 
■  using  the  still-water  rating. 

It  may  be  well  to  define  the  terms  "cup"  and  "screw,"  as  the 
writer  does  not  wish  to  apply  the  general  propositions  stated  to  every 
kind  of  instrument  which  may  chance  to  be  called  a  cup  meter  or  a 
screw  meter:  A  cup  meter  is  one  in  which  the  rotating  element 
operates  on  the  principle  of  the  Robinson  cup  anemometer,  though 
the  shape  of  the  cups  need  not  be  limited  to  that  of  the  hemisphere. 
A  screw  is  a  rotating  element  the  surface  of  which  would  be  generated 
by  a  straight  line  perpendicular  to,  rotating  uniformly  about,  and 
moving  imiformly  along,  the  axis  of  rotation. 

One  would  also  hesitate  to  apply  the  propositions  to  meters  hav- 
ing large  or  badly  designed  frames  which  would  be  likely  to  inter- 
fere with  the  action  of  the  water  on  the  runner.  Although  the  frame 
of  the  cup  meter  is  at  the  rear  of  the  runner,  it  has  decided  and 
different  effects  on  the  rating  of  the  instrument  when  turned  some- 
what to  the  right  and  then  an  equal  angle  to  the  left  of  the  line  of 
motion. 

The  writer  is  more  than  pleased  to  have  Mr.  Price's  open-minded 
discussion.  The  cup  meter  is  very  ingenious,  and  the  means  which 
Mr.  Price  has  adopted  to  protect  the  bearings  and  secure  uniformity 
of  friction  have  probably  been  the  cause  of  the  continuance  of  this 
meter  in  the  Government  service. 

Mr,  Price  may  be  assured  that  the  meter  was  suspended  in  precisely 
the  same  manner  during  the  turbine  tests  as  in  the  ratings.  This 
applies  also  to  the  stream  tests.  N'o  weights  were  used  in  any 
case,  and  the  meter  wheel  was  about  7  ft.  in  advance  of  the  stem  of 
the  rating  boat.  The  reaction  of  the  boat  on  the  screw  must  have 
been  slight  indeed,  as  the  ratings  from  a  car  at  the  Rensselaer  Poly- 
technic Institute  do  not  differ  materially  from  those  by  the  boat. 
Fig.  1  shows  the  rating  boat,  and  below  it  the  rod  used  to  sun^^ort 
the  meter.  The  hooks  on  this  rod  may  be  adjusted  so  that  any  desired 
series  of  depths  may  be  secured.  From  the  staging  on  which  the 
observer  stood  a  f-in.  rod  extended  across  the  tail-race  at  a  fixed  eleva- 
tion. The  meter  was  attached  to  one  end  of  a  |-in.  rod,  about  2  ft. 
long,  the  other  end  of  which  was  screwed  into  the  supporting  rod. 
There  were  seven  hooks  on  the  supporting  rod  during  the  turbine  tests, 
any  one  of  which  could  be  hooked  over  the  f-in.  rod  on  the  staging, 
thus  immersing  the  meter  to  the  corresponding  depth.  Six  rope  clips 
were  attached  to  the  i^-in.  rod  at  the  verticals  in  which  the  meters 
were  to  be  operated.  The  rope  clips  served  as  stops  at  which  to  hold 
the  meter  rod,  when  taking  observations  in  the  verticals. 

Fig.  2  is  a  rough  sketch  of  the  Pitot  tube  and  supporting  rod. 
The  Pitot  tube  (to  the  right)  is  a  copy  of  "Tube  N ,"  as  described 
in  Mr.  White's  monograph,  referred  to  in  the  paper.     The  supporting 
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rod  (to  tlie  loft)  was  designed  to  be  operated  from  the  staging  in  the    Mr. 
tail-race,  in  the  same  manner  as  the  supporting  rod  for  the  meters.  '''°*  * 
On  Fig.  2  is  shown  one  of  the  hooks  to  engage  the  f|-in.  rod  on  the 
staging,  and  also  the  eyes  on  both  the  Pitot  tube  and  meter  supporting 
rods  to  which  a  guy  wire  was  attached  near  their  lower  ends,  thus 
holding  the  rods  and  preventing  bending. 


-In.  hole  drilled  through  pipe 
exactly  at  right  angles  to  the 
longitudinal  center  line  of  pipe. 

All  burr  and  roughness  cleaned 
off,  both  inside  and  outside. 

Hole  to  be  put  entirely  through 
pipe  on  both  sides. 
K-In.  Gas  Pipe 
drawn  to  a  point' 

Ordinary  ^  In.Gas  Pipe 


^End  filed  square 
and  smoothed  up. 


PITOT  TUBE 

THIS  DESIGN   IS  THE  SAME  AS  THAT 
USED  BY    MR.  W.M.  WHITE. 


Fig.  2. 


Mr.  Price  states  that  the  meter  of  the  propeller  type  does  not  free 
itself  from  such  debris  as  dead  grass  and  leaves.  This  is  too  broad 
a  statement,  for  there  is  at  least  one  meter  of  that  type  which  does  free 
itself,  and  that  is  the  Haskell.     This  meter  has  been  used  by  the  writer 
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Mr.  many  times  in  streams  carrying  much  dead  grass,  leaves,  twigs,  sand, 
and  mud.  On  no  occasion  did  it  catch  the  slightest  particle  or  give 
any   evidence   of  being   affected  thereby. 

This  is  due  to  the  effective  shape  of  the  runner,  which  Dean  Haskell 
has  imdoubtedly  designed  expressly  for  the  purpose.  The  up-stream 
end  of  the  wheel  is  brought  down  to  a  moderately  pointed  or  conical 
nose  which  sheds   all  debris  carried  by  the  water. 

The  question  of  friction  in  a  current  meter  is  very  interesting. 
Throwing  out  the  case  of  low  velocities,  the  necessity  seems  to  be, 
not  so  much  for  a  small  amount  of  friction  as  for  constancy  of 
amount.  If  the  resisting  torque  is  large  but  constant,  a  rating  should 
be  fixed  just  as  exactly  as  in  the  case  where  the  friction  is  small  and 
constant.  Notice,  too,  that  there  is  a  resisting  torque  caused  by  the 
hydraulic  skin  friction  on  a  screw,  which  can  be  made  as  large  as 
desired  by  lengthening  the  vanes  along  the  axis.  In  this  respect, 
the  screw  is  just  as  much  a  differential  meter  as  the  cup  meter. 

The  retarding  skin  friction  has  a  much  longer  lever  arm  than 
the;  bearing  friction,  and  has  a  much  larger  resisting  torque,  so  that 
the  bearing  friction  of  a  screw  meter  offers  a  resistance  of  secondary 
importance.  Fvirther,  the  resisting  skin  friction  is  a  fixed  function  of 
the  velocity,  varying  approximately  as  the  square  thereof.  Hence 
it  is  clear  that  the  principal  portion  of  the  resisting  torque  is  fixed 
for  each  velocity  and  cannot  be  changed.  It  follows  that,  if  the  meter 
is  kept  in  only  fair  condition,  the  rating  is  not  affected  seriously  by 
moderate  changes  in  bearing  friction.  The  truth  of  this  was  tested 
in  the  experiments  at  Massena  by  taking  part  of  a  rating  while  the 
bea.ring  was  dirty  and  stiff,  then  completing  the  rating  after  the 
meter  had  been  cleaned  and  oiled.  Let  the  reader  select  from  ratings 
E  and  F  of  the  Haskell  meter,  Plate  CXXXIV,*  the  points  taken 
before  cleaning  and  oiling  the  meter.  The  Haskell  meter  is  not  sensi- 
tive to  moderate  changes  of  bearing  friction. 

Mr.  Price  thinks  the  ratings  (Plate  CXXXIV)  of  the  Haskell  meter 
are  inaccurate.  If  any  one  will  take  the  pains  to  examine  the  percentage 
errors  of  the  various  ratings  and  the  wide  range  of  conditions  under 
which  these  ratings  were  made,  he  will  feel  compelled  to  admit  that  the 
performance  of  this  meter  was  very  consistent  throughout.  Ratings 
of  this  kind  are  of  more  practical  value  than  those  obtained  under 
restricted  conditions,  because  the  former  afford  an  indication  of  the 
degree  of  accuracy  to  be  expected  of  the  meter  when  in  actual  service, 
while  the  latter  do  not. 

No  doubt  the  rating  line  could  be  adjusted  to  the  observations 
somewhat  better.  This  rating  line  was  located  from  a  few  of  the 
earlier   ratings,    the   later   ones   being  plotted   on   the   diagram   subse- 

*  Proceedings^  Am.  Soc.  C.  E.,  for  December,  lfll3. 
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quentlv.     The  change,   if  macle,   would  he  triflinpr,  oxcoptinff-  for   low     Mr. 

,      .  .  ,  .  ,  ^  1  Groat, 

velocities,  which  were  not  used. 

The  idea  must  not  be  entertained  that  the  conditions  in  the 
Massena  tail-races  were  bad.  On  the  contrar;s%  they  were  much  better 
than  those  usually  encountered  in  stream  gauging.  The  flow  of  the 
water  was  parallel  to  the  side-walls,  and  the  meters  might  as  well 
have  been  fixed  rigidly  to  the  rods,  as  far  as  concerned  any  tendency  to 
swing.  The  errors  of  the  meters  were  caused  by  small  eddies  and 
boils  such  as  would  certainly  have  to  be  dealt  with  at  most  gauging 
stations.  The  conditions  of  flow  were  carefully  studied  a.t  each  of  the 
84  meter  points  by  using  an  inverted  weather  vane.  An  instrument 
was  invented  and  used  to  ascertain  the  quantity  of  air  in  the  water  at 
each  meter  point.     This  quantity  was  found  to  be  r^gligible. 

!Mr.  Price  states  that  a  gauging  sta.tion  which  has  an  up-stream 
current  should  never  be  used,  and  one  which  has  di\ergent  currents 
cannot  give  accurate  results  with  any  method  of  measurement.  It 
may  be  that  gauging  stations  with  negative  velocities  should  not  be 
used,  but  do  our  current  meters  give  any  indication  which  would  lead 
one  to  discard  such  a  station  when  encountered?  If  the  meter  is 
4  or  5  ft.  under  water,  it  cannot  be  seen;  but  it  goes  on  recording  the 
velocity  just  the  same,  even  if  the  current  is  directed  up  stream, 
and  the  unsuspecting  observer  records  a  considerable  positive  velocity 
at  the  point,  whereas  it  should  have  been  recorded  as  negative. 

As  to  the  matter  of  divergent  currents,  the  writer  believes  most 
fully  that  the  problem  may  now  be  solved  by  using  a  screw  meter  held 
rigidly  at  right  angles  to  the  direction  of  flow.  When  the  screw  is 
modified,  as  suggested  in  the  paper,  it  will  increase  still  further  the 
reliability  of  the  results,  even  at  the  best  of  gauging  sections. 

Dean  Haskell  says :  "Although  a  great  deal  of  good  work  has  been 
done  with  meters  of  this  type  [meaning  cup  meters],  they  have  not 
shown  themselves  to  be  anywhere  near  as  reliable  as  those  of  the  screw 
wheel  type."  This  seems  to  describe  the  case  exactly.  Where  condi- 
tions have  been  favorable,  the  errors  of  the  cup  meter  have  not  been 
large;  but  the  errors  are  there,  and  they  are  of  one  sign. 

Though  the  writer  has  been  compelled  to  adopt  the  method  sug- 
gested of  observing  the  direction  as  well  as  the  velocity,  when  gauging 
large  rivers,  he  has  found  it  fraught  with  ditficulties,  the  principal 
one  being  that  he  has  never  been  able  to  find  a  cross-section  on  a  large 
river  where  the  direction  at  each  meter  point  was  fixed.  The  meter 
will  swing,  and  this  completely  masks  the  average  true  direction.  If 
the  meter  was  held  rigidly,  and  was  designed  to  give  the  resolved  com- 
ponent, the  difficulty  would  be  obviated  instantly,  and  the  observations 
and  computations  would  be  reduced  in  number. 

As  the  Haskell  meter  as  now  made  gives  only  a  trifle  less  than 
the  resolved  component,  the   writer   takes  the  liberty   to  suggest  that 
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Mr.  a  slight  modification,  as  described  in  the  paper,  might  render  it  abso- 
■  lutely  exact  in  perturbed  water.  A  mechanical  advantage  to  be  gained 
by  "cupping"  the  wheel  vanes  would  be  that  of  additional  strength 
for  a  given  weight. 

The  Haskell  meter  has  one  other  advantage  which  has  not  yet 
been  mentioned :  The  screw,  or  propeller,  may  be  made  exceedingly 
light,  so  that  the  effects  of  inertia  are  reduced  to  a  minimum.  It  is 
qviite  possible  that  the  inertia  of  a  heavy  revolving  part,  in  conjunction 
with  the  reaction  of  the  water,  may  play  an  important  role  in  changing 
the  rating  when  the  velocities  become  variable. 

The  still-water  rating  is  not  satisfactory  at  present  because  meters 
must  be  used  in  water  which  is  more  or  less  perturbed.  Otherwise, 
the  current  meter  becomes  an  instrument  of  limited  use,  and  demands 
attention  to  a  complicated  system  of  details.  As  soon  as  a  meter  is 
produced  which  will  resolve  the  momentary  velocities  at  a  meter  point, 
the  still-water  rating  will  apply,  even  in  perturbed  water.  Dean 
Haskell  is  to  be  congratulated  on  the  fact  that  his  meter  almost  does 
this  very  thing,  so  that  probably  only  slight  modification  will  be  neces- 
sary to  secure  the  desired  result. 

The  float  and  meter  comparisons  are  interesting.  Applying  the 
statistical  method  of  summing  the  velocities  in  each  case,  the  resulting 
comparison  follows : 

Sum  of  velocities  by  float 19.67 

Sum  of  velocities  by  meter 19.74 

Difference 0.07 

Mr.  Miller's  discussion  is  very  interesting,  as  it  recounts  work  of 
unusual  magnitude  on  the  Mississippi.  The  writer  has  lived  at 
various  points  on  that  river  all  his  life,  and  remembers  much  of  the 
Government  work  of  various  kinds  there. 

It  is  to  be  regretted  that  such  a  keen  observer  as  Mr.  Miller  should 
have  left  the  field  of  current-meter  engineering.  However,  a  useful  fact 
once  established  is  bound  to  live,  and  thus  Mr.  Miller  is  still  poten- 
tially active  in  this  branch  of  science. 

Mr.  Hoyt  seems  to  fear  that  an  impression  may  be  drawn  from 
the  paper  that  the  Geological  Survey  records,  based  on  measurements 
with  the  small  Price  meter,  generally  involve  large  errors.  This  fear 
is  hardly  justifiable,  as  the  writer  states  very  definitely,  "it  seems  cer- 
tain that  the  correction  for  a  cup  meter  when  run  at  a  good  meter 
station  on  an  open  river  is  not  large."  On  the  other  hand,  it  would 
certainly  be  on  the  side  of  safety  to  determine  the  degree  of  error  in 
every  important  series  of  gaugings.  One  of  the  best  ways  to  uncover 
an  error  of  this  kind  is  to  run  a  cup  meter  and  a  screw  meter  in  the 
section  simultaneously.     If  the  meters  agree,   there   is   no  error.     If 
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tlie.v  (lisafrree  materially,   it  will  he  found  that  the  velocities   by  the    Mr. 
cup   motor   are  excos.^ivo.   and   those  by   the   screw   are   deficient,    the  ^'■''*^- 
numerical  value  of  such  errors  by  the  cup  meter  being  relatively  larger 
than  those  corresponding  by  the  screw  meter. 

If  any  one  wishes  admiiiicular  ovidcnco  as  to  the  truth  of  this  state- 
ment, beyond  that  aflFor(l(>d  by  the  pajior,  he  may  refer  to  the  paper, 
"Current  Meter  and  Weir  Discharge  Measurements,"*  by  E.  C. 
^furphy,  M.  Am.  Soe.  C.  E.  In  this  paper  Mr.  Murphy  has,  in  the 
clearest  manner,  i)lntted  the  results  of  a  number  of  comparisons  of 
discharges  by  a  weir  with  simultaneous  discharges  by  cup  and  screw 
current  meters. 

In  the  case  of  tlie  cup  meters,  practically  all  the  discharges  exceed 
the  corresponding  discharges  by  weir.  This  is  indicated  by  the  fact 
that  practically  all  the  points  for  the  cup  meters  plot  below  the  axis 
of  abscissas  in  Fig.  2  of  that  paper. 

In  the  case  of  the  screw  meter,  the  discharges  are  generally  deficient, 
as  the  points  generally  plot  above  the  axis  of  abscissas.  Moreover,  this 
is  the  more  accurate  meter,  because  the  points  average  much  closer  to 
the  axis,  being  in  fact  within  0.07%  of  it. 

^Ir.  Hoyt  concludes  his  discussion  with  several  numbered  para- 
graphs.    They  may  be  taken  up  in  the  same  order : 

1. — The  paper  does  much  more  than  call  attention  to  the  recognized 
fact  that  the  cup  meter  is  affected  by  cross-currents.  It  calls  attention 
to  the  fact  that  the  etfect  is  productive  of  errors  all  on  the  side  of 
excessive  velocity,  and  that  the  screw  meter  is  affected  in  the  contrary 
sense,  but  to  a  relatively  smaller  extent.  Though  this  was  dis- 
covered by  Mr.  Miller  years  ago,  it  does  not  seem  to  have  been  recog- 
nized by  anybody  else  since  that  time;  but  it  is  undoubtedly  of 
the  greatest  importance  to  those  who  wish  to  improve  the  present 
methods  of  stream  gauging. 

Before  carrying  out  any  experiments  at  Massena,  the  writer  was 
of  the  opinion  that  screw  meters,  like  cup  meters,  would  always  show 
excessive  discharges.  This,  he  thought,  would  be  the  case  because  of 
the  swinging  of  the  meter  and  the  consequent  measurement  of  the 
thread  of  a  sinuous,  rather  than  of  a  straight,  current.  This,  how- 
ever, is  incorrect.  To  prove  it,  attach  a  screw  meter  to  the  rating 
boat  or  rating  car.  Draw  the  meter  over  its  course  in  the  usual  man- 
ner and  count  the  revolutions.  Then  repeat  the  process,  having  all 
conditions  the  same  as  before,  except  that  the  meter  is  oscillated  trans- 
versely to  the  direction  of  motion  during  its  transit  of  the  course.  If 
the  rating  boat  is  used,  the  oscillation  may  be  effected  by  rocking  the 
boat.    In  the  case  of  the  car,  some  mechanical  device  may  be  used. 

Theoretically,  the  number  of  revolutions  in  the  latter  case  should 
exceed  those  in  the  former  case.     Practically,  the  reverse  is  the  case. 

*  Transactions.  Am.  Soc.  C.  E.,  Vol.  XLVII,  p.  376. 
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Mr.  The  side-wash  of  the  current  has  somewhat  more  than  annulled  the 
■  effect  of  increasing  the  length  of  the  course. 

2  and  3. — It  is  true  that  the  methods  used  by  the  writer  in  making 
his  discharge  measurements  were  described  only  in  a  general  way. 
Otherwise,  the  paper  would  have  become  so  voluminous  that  the  main 
facts  would  have  been  obscured.  It  must  be  remembered  that  the 
conclusions  of  the  paper  are  not  derived  from  a  study  of  current  meters 
per  se,  but  are  inductions  from  observations  on  the  behavior  of  meters 
while  testing  turbines. 

4. — The  large  Price  meter  was  adopted  as  one  type  of  meter  to 
be  used  in  the  Ma.ssena  tests,  because  the  same  type  had  been  used 
by  other  engineers  in  the  same  tail-races  several  years  before,  and  a 
comparison  was  desired.  The  results  of  the  turbine  tests  would  have 
been  the  same  had  the  small  Price,  or  any  other  cup  meter  been  used 
instead  of  the  large  Price  meter,  because  means  were  taken  to  cor- 
rect the  errors  due  to  deviations  from  the  still-water  ratings. 

5. — The  standard  adopted  by  the  writer  when  comparing  the  cup 
and  screw  meters  was  the  true  velocity  of  the  water.  This  appears  when 
discussing  Table  5,  where  it  is  shown  that  the  cups  over-register,  on 
the  average,  by  5.6%,  and  the  screw  under-registers,  on  the  average, 
by  0.93  per  cent. 

When  the  Pitot  tube  and  Haskell  meter  were  compared,  the  Pitot 
tube  was  supposed  to  indicate,  on  the  average,  the  true  velocity.  The 
result  of  this  comparison  was  that  the  Haskell  meter  under-registered 
by  about  0.6  per  cent. 

Thus  there  were  two  different  methods  of  determining  the  dis- 
charge :  (a)  by  cup  and  screw  meters  corrected  through  the  medium 
of  the  boat-rocking  tests,  and  (h)  by  Pitot  tube  and  screw  meter 
comparisons  by  which  corrections  were  determined  to  be  applied  to 
the  metered  discharges. 

It  is  worthy  of  note  that  these  two  methods  of  correcting  the 
discharge,  when  applied  to  any  given  turbine  test,  give  rise  to  a 
discrepancy  of  scarcely  0.3  of  1  per  cent. 

It  is  not  claimed  that  rocking  the  boat  is  the  best  means  for 
ascertaining  the  relative  errors  of  cup  and  screw  meters.  It  is 
claimed  that  the  nature  of  the  case  is  such  that  extreme  accuracy 
in  this  respect  is  not  necessary.  This  is  because  the  errors  to  be 
determined  are  not  relatively  large. 

If  it  is  feared  that  this  paper  is  too  daring  in  its  conclusions  to 
be  credible,  it  may  be  well  to  search  for  independent  verification. 
Such  material  may  be  found  in  Mr.  Murphy's  extremely  valuable 
paper,  "Current  Meter  and  Weir  Discharge  Measurements,"  previously 
quoted. 

Though  Mr.  Murphy  gives  an  interpretation  of  the  results  of  his 
experiments,  yet  he  expressly  states  that  he  has  "avoided  in  this  paper 
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a  detailed  coinparison  of  results  by  different  meters."     Hence  it  will    Mr. 
hv    permissible    to    analyze    the    results    for    the    purpose    of    such    a 
comparison. 

The  best  method  of  eliminating-  accidental  errors  in  comparing 
such  a  series  of  observations  is  the  "statistical"  method.  In  the  case 
at  hand,  this  method  is  particularly  facile  because  comparable  results 
nuiy  he  obtained  by  the  simple  operation  of  summation. 

In  order  the  better  to  understand  the  conditions  under  which  the 
tests  by  ^Ir.  ^lunihy  were  conducted,  it  may  be  stated  that  they  were 
ninilc  in  the  canal  of  the  Hydra,ulic  Laboratory  at  Cornell  University. 
1'he  discharge  in  each  test  was  measured  by  weir  and  by  two  current 
meters.  The  two  current  meters  were  observed  simultaneously  in  the 
same  discharge  section,  one  starting  on  the  south  side  and  progressing 
north  while  the  other  started  on  the  north  side  progressing  south. 

There  were  twenty-five  experiments,  each  made  in  the  manner  de- 
scribed. Ten  of  these  were  comparisons  between  the  weir,  Haskell 
meter  No.  3,  and  small  Price  meter  No.  363.  Nine  were  compari- 
sons between  the  weir,  small  Price  meter  No.  351,  and  small  Price 
meter  No.  303.  Six  were  comparisons  between  the  weir,  Haskell  meter 
No.  3.  and  small  Price  meter  No.  351.  Moreover,  from  these  experi- 
ments may  be  selected  sixteen  in  which  the  Haskell  meter  is  compared 
with  the  weir,  fifteen  for  Meter  No.  351,  and  nineteen  for  Meter 
No.  363. 

There  are,  therefore,  six  sets  of  experiments  which  may  be  com- 
pared statistically.  In  each  case  the  aggregate  discharge  by  the 
weir  may  be  compared  with  the  corresponding  aggregate,  or  aggregates, 
by  the  meter,  or  meters,  as  the  case  may  be.  Table  9  gives  the  compari- 
sons in  tabular  form. 

The  function  of  such  a  summary  of  aggregates  is  to  eliminate  in 
large  measure  the  unavoidable  accidental  errors  arising  during  the 
observations.  Thus  the  remaining  errors  are  each  composed  of  two 
parts,  namely,  a  large  part,  which  is  the  net  average  constant  error  of 
the  observations,  and  a  small  part,  which  is  the  net  residual  of  the 
unequated  accidental  errors.  From  the  approximate  uniformity  of 
the  errors  of  the  table,  it  may  be  concluded  that  accidental  errors  have 
been  practically  eliminated,  and  the  computed  errors  for  the  sets 
of  observations  of  greatest  weight  (the  first  three  sets  in  the  table) 
arc  the  constant  errors  due  to  the  meters,  or  due  to  deviations  from  their 
still-water  ratings.  Thus  the  constant  error  of  the  Haskell  meter  is 
—  0.02 fc,  that  of  the  small  Price  No.  351  is  +  1.94%-  and  that 
of  the  small  Price  No.  303  is  +  1.24  per  cent.  It  may  be  in- 
ferred from  the  plottings  by  Mr.  Murphy,  on  page  376  of  his 
paper,  that  the  average  constant  error  of  No.  351  should  exceed  that 
of  No.  303.  The  reason  for  this  is  that  the  discharge  by  either  of  the 
meters  shows  an  increasing  excess  over  the  discharge  by  the  weir  with 
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Mr.  decreasing  velocities,  and  there  are  relatively  more  observations  of  low 
velocity  by  Meter  No.  351  than  by  No.  363.  Had  the  reverse  been 
the  case,  it  might  have  been  expected  that  the  constant  error  of  No.  363 
would  exceed  that  of  No.  351. 

TABLE  9. — Statistical  Summary  of  Twenty-five  Experiments  by 
E.  C.  Murphy,  M.  Am.  Soc.  C.  E.,  in  Which  the  Discharge  of  a 
Canal  is  Measured  Simultaneously  by  a  Weir  and  Tw^o  Current 
Meters,  the  Latter  Operated  in  the  Same  Discharge  Section. 

Compiled  from   Table   1,   Transactions,  Am.   Soc.   C.   E., 
Vol.  XLVII,  p.  373. 


Sum  of  all  the  discharges 
in  all  experiments,  as 

shown  by  weir,  in 
cubic  feet  per  second. 

Sums  op  the  Discharges  in  All  the  Experiments,  as  Shown 
BY  THE  Various  Meters. 
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4  186.17 
2  143.64 
1331.14 
2  042.53 

3  473.99 

2  147.39 
1  326.60 

-0.79 

+  3.75 
—  4..54 

-0.02 

+  o.is 

—  0.34 

■3  439.63 

'1  368.26 
2  070.77 

+  65.36 

+  37.i2 
+  28.24 

+  1.94 

+  '2.79 
4-1.39 

4  238.'23 
2  164.22 

2674.01 

+  52.06 
+  20.58 

■j-  31 .48 

+  1.24 
+  0.96 

+  1.54 

It  will  be  seen  that  the  error  of  the  Haskell  meter  for  the  ten  com- 
parisons with  weir  and  small  Price  meter  No.  363,  is  +  0.18  per  cent. 
This  error,  though  insignificant,  would  have  been  negative  had  it  not 
been  for  three  experiments,  Nos.  1-2,  3-4,  and  5-6,  in  which  this 
meter,  for  some  unaccountable  reason,  gave  discharges  4  or  5%  greater 
than  the  weir.  These  three  observations  are  plainly  discordant,  as 
may  be  seen  by  referring  to  the  plottings  for  the  Haskell  meter  in 
Fig.  2  of  Mr.  Murphy's  paper.  Had  the  meter  run  in  these  three  ex- 
periments according  to  the  same  lav/  as  in  all  the  other  experiments, 
the  errors  for  these  three  experiments  would  have  been  about  nil.  Thus 
the  excess  in  discharge  by  the  Haskell  meter  in  the  three  experiments 
in  question  is  about  25  cu.  ft.  per  sec,  as  may  be  seen  by  consulting 
Table  No.  1  of  Mr.  Murphy's  paper.  The  aggregate  for  the  weir  from 
the  writer's  comparison,  Table  9,  is  3  474.78,  and  that  for  the  meter 
would  become  3  473.99  —  25.0  =  3  448.99.  Thus  the  deficiency  in  the 
aggregate  for  the  Haskell  meter  would  be  3  474.78  —  3  448.99  =  25.79. 
In  other  words,  it  is  more  than  probable  that  the  discharges  by  the 
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Haskell  meter  arc  deficient  by  the  slight  percentage  of  25,8  ^-  3  475    Mr. 
=  0.75.    However,  it  will  not  do  to  correct  or  reject  observations  simply  ^'■°**- 
because  they  are  discordant. 

It  follows  from  the  results  shown  in  Table  9  that  the  cup  meters 
in  all  cases  gave  excessive  discharges  aJid  the  Haskell  meter  gave 
rehitively  much  smaller  errors,  the  discharges  being  slightly  deficient 
on  the  average.  Therefore,  the  following  general  conclusions  may  be 
drawn  from  the  results  contained  in  Mr.  Murphy's  valuable  paper: 

(<;)  When  a  cup  meter  is  run  in  moderately  perturbed*  water, 
it  will  register  a  larger  number  of  revolutions  per  second  than 
a  perfect  still-water  rating  would   indicate. 

(6)  When  a  .screw  meter  is  run  in  moderately  perturbed  water, 
it  will  register  a  smaller  number  of  revolutions  per  second 
than  a  ix?rfect  still-water  rating  would  indicate. 

(c)  In  the  foregoing  sense,  a  cup  meter  is  affected  relatively  to  a 
much  greater  extent  than  a  screw  meter. 

(d)  Either  type  of  meter,  when  run  in  moderately  pertui-bed  water, 
will  give  uniform  records  in  equal  times,  provided  these  times 
are  sufficiently  long,  the  flow  of  the  water  itself  being  sub- 
ject   to    an    established    regimen. 

(e)  If  both  types  of  meter  are  used  simultaneously  in  moderately 
perturbed  water,  the  disparity  between  the  discrepant  velocities 
thus  determined  by  the  still-water  rating  may  be  taken  as  a 
basis  for  correcting  the  discrepant  velocities. 

(/)  If  the  discharge  by  the  weir  be  considered  correct,  the  average 
error  of  the  Haskell  meter  in  Mr.  Murphy's  experiments  was 
0.02%  on  the  side  of  deficiency,  with  a  probability  of  its  being 
sliglitly  larger,  and  the  average  error  of  the  cup  meters  was 
in  the  neighborhood  of  1^%  on  the  side  of  excessive  discharge. 

(g)  It  would  seem  to  follow  that  current-meter  observations  based 
on  still-water  ratings,  without  further  correction,  should  be 
made  with  great  caution.  On  the  other  hand,  it  seems 
certain  that  the  correction  for  a  cup  meter  when  run  at  a  good 
meter  station  on  an  open  river  is  not  large,  and  the  correspond- 
ing correction  for  a  screw  meter  may  be  negligible. 

6. — It  cannot  be  said  that  the  Pitot  tube  used  at  Massena  was 
an  unrated  instrument.  It  is  an  exact  copy  of  one  which  was  in- 
vestigated as  "Tube  N"  by  Mr.  White  in  the  paper  already  referred 
to.     It  has  a  coefficient  equal  to  unity. 

In  speaking  of  the  accuracy  of  Pitot  tubes,  two  distinct  reactions 
must  be  kept  in  mind.  One  is  the  impulse  of  the  moving  water  on 
the  dynamic  orifice,  the  other  is  the  reaction  of  the  static  pressure 


*  At  the  bottom  of  page  374  of  Mr.  M\irphy's  paper  it  is  stated  that  there  was  a  sUght 
agitation  of  the  water  duiing  the  experiments. 
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Mr.  and  the  moving  water  on  the  static  orifice.  If  the  static  orifice  is 
■  properly  designed,  the  motion  of  the  water,  or  the  dynamic  reaction, 
will  have  no  eifect  on  it;  but  the  motion  of  the  water  will  exert  either 
suction  or  a  positive  pressure  on  an  improperly  designed  static  open- 
ing. It  is  this  latter  difficulty  which  has  caused  most  of  the  uncertainty 
as  to  Pitot  tubes. 

Mr.  White's  experiments  showed,  in  the  most  convincing  manner, 
that  the  coefiicients  of  all  dynamic  orifices  of  circular  section,  be  they 
cylindrical,  diverging,  or  converging,  are  exactly  equal  to  unity.  This 
was  accomplished  by  towing  a  boat  through  the  water  with  a  number 
of  different  types  of  circular  dynamic  orifices  attached  somewhat  in 
advance  of  the  stem.  The  water  stood  at  exactly  the  same  level  in  all 
the  risers,  and  the  total  head  raised  was  equal  to  the  sum  of  the  velocity 
head   and   static  head   in   each   case. 

7. — Although  the  paper  does  not  essay  to  offer  at  once  a  complete 
remedy  for  the  erratic  behavior  of  current  meters  in  perturbed  water, 
it  does  point  out  the  interesting  fact  that  a  close  estimate  of  the  true 
velocity  may  be  made  by  using  a  screw  meter  of  good  design.  If  still 
greater  accuracy  is  desired,  both  cup  and  screw  meters  may  be  used, 
the  records  being  corrected  by  the  observed  relative  deviations  produced 
in  some  such  manner  as  the  rocking  tests  described  briefly  in  the 
paper;  or,  even  better  still,  the  screw  meter  may  be  rated  by  a  prop- 
erly constructed  and  properly  manipulated  Pitot  tube,  under  the  exact 
conditions  and  at  the  exact  point,  or  points,  where  the  meter  is  to  be 
used. 

8. — The  writer  has  oscillated  a  number  of  meters  of  different  types, 
both  longitudinally  (up  and  down  stream)  and  transversely  (athwart 
stream  and  vertically).  In  all  cases  the  cups  were  affected  by  incre- 
ments several  times  as  large  as  the  decrements  of  the  screws.  This 
was  for  viojent,  as  well  as  moderate,  vibrations.  It  is  true  that  the 
ratio  is  a  variable,  values  ranging  from  3  to  6  having  been  noted;  but, 
when  the  error  between  the  cup  and  screw  is  not  more  than  7%, 
the  application  of  the  extreme  ratios  leads  to  corrections  for  the  screw 
meter  of  only  If  and  1  per  cent.  Thus,  an  error  of  100%  in  the  true 
value  of  the  ratio  makes  a  difference  in  the  final  discharge  of  only 
1%  for  the  case  cited. 

This  method,  of  course,  is  only  a  jn-actical  way  of  getting  an 
approximate  result,  but  the  approximation  is  shovra  to  be  close. 

9. — A  current  meter  which  cannot  be  rated  with  sufficient  accuracy 
from  a  boat  will  show  even  greater  discrepancies  when  run  at  the 
average  gauging  station.  The  United  States  Lake  Survey  has  done  a 
great  work  on  the  Niagara  and  St.  Lawrence  Rivers,  and  its  ratings 
were  frequently  made  from  a  boat.  The  writer  knows  that  screw 
meters  were  used  extensively  on  this  important  work,  but  does  not 
know  whether   cup  meters   were   also  used.     If  the  boat   ratings   had 
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Ix't'ii  uiisatisfiU'tory,   it  is  certain   tliat  that  fact  wmiUl  liave  led  to  a    Mr. 
cKudomnation  of  such  ratings.    Possibly,  if  cup  meters  had  been  used,  ^'"**"*" 
the  boat  ratings  would  have  proven  unsatisfactory.     Of  course,  a  rating 
made  under  laboratory  conditions  will  plot  almost  exactly  on  a  smooth 
curve;  but  a  rating  of  a  screw  meter  of  good  design  will  be  nearly 
as  good,  if  made  from  a  boat. 

It  is  presumed  by  the  writer  that  the  changes  in  the  method 
of  rating  referred  to  by  Mr.  Hoyt  were  such  as  might  be  made  by 
placing  the  weight  too  close  to  the  wheel,  or  by  running  it  near  the 
sides,  or  bottom,  of  the  tank.  These  are  abnormal  ratings,  of  a 
character  which  does  not  affect  the  question  at  hand. 

10. — It  has  already  been  explained  that  the  large  Price  meter 
was  selected  for  the  tests  at  Massena  for  the  sake  of  comparison  with 
the  results  of  a  former  test  in  the  same  tail-races  with  a  meter  of 
this  particular  type.  The  writer  is  of  the  opinion  that  the  results 
would  have  been  substantially  the  same,  even  if  the  small  Price  meter 
had  been  substituted  for  the  larger  pattern.  It  must  be  emphasized 
that  the  conditions  of  discharge  for  much  the  greater  portion  of  the 
gauging  section  at  Massena  were  as  good  as  those  most  frequently 
encountered  at  a  good  gauging  station.  The  reliability  of  these  tests 
cannot  be  questioned  on  this  account. 

The  cup  meter  ran  with  great  fidelity  at  any  given  point  in  the 
race.  Its  rating  there,  relatively  to  that  of  the  Haskell  meter  or  Pitot 
tube,  was  perfectly  definite,  a  fact  which  does  not  seem  to  have  been 
known  heretofore.  The  trouble  was  not  with  the  cup  meter,  but  with 
the  application  of  the  still-water  rating  to  the  case.  A  raceway  of 
uniform  section  can  certainly  be  gauged  within  1%  of  the  true  dis- 
charge. This  statement  is  made  because  any  given  condition  of  dis- 
charge can  be  exactly  reproduced  at  the  observer's  pleasure.  This  is 
one   of   the   facts   demonstrated   at   Massena. 

11. — The  distribution  factor  used  in  the  statistical  method  is  essen- 
tially a  form  factor.  Its  value  depends  on  the  shape  of  the  solid  con- 
structed out  of  the  components  of  velocity  which  are  normal  to  the 
cross-section  when  these  components  are  erected  at  their  points  of  ap- 
plication. To  every  shape  a  particular  value  of  the  distribution  factor 
attaches,  but  it  is  not  true,  conversely,  that  to  every  value  of  the  dis- 
tribution factor  a  particular  shape  must  attach.  It  is  only  necessarj^ 
that  shapes  be  equivalent  as  to  discharge  in  order  that  two  or  more 
shapes  may  have  the  same  value  for  their  distribution  factors.  Hence 
it  is  not  at  all  improbable  that  such  changes  of  distribution  actually 
take  place  at  gauging  sections  without  changing  the  discharge  curve 
or  rating  table. 

The  mean  velocity  in  the  cross-section  is  the  quotient  obtained 
by  dividing  the  total  discharge  by  the  area  of  the  cross-section.  The 
statistical   method   relies   on   this   definition.     In  the  turbitie   tests   at 
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Mr.  Massena,  the  value  of  the  distribution  factor  was  ascertained  by  draw- 
■  ing  the  familiar  contours  of  equal  velocity  over  the  cross-section  of 
the  race.  The  volume  under  these  contours  was  computed,  and,  when 
expressed  in  proper  units,  was  numerically  equal  to  the  discharge. 
This  discharge  was  then  divided  by  the  area  in  order  to  ascertain  the 
mean  velocity. 

By  definition,  the  distribution  factor  is  the  ratio  of  the  above  de- 
termined mean  velocity  to  the  sum  of  the  velocities  recorded  at  the 
42  meter  points  in  the  race.  By  actually  computing  this  ratio,  in 
the  foregoing  manner,  for  several  of  the  turbine  tests  where  the  condi- 
tions were  substantially  the  same,  it  was  found  that  the  value  of  the 
ratio — that  is,  of  the  distribution  factor — was  constant  for  given  con- 
ditions. Consequently,  it  follows  that  the  mean  velocity  in  the  tail- 
race  may  be  ascertained  simply  by  multiplying  the  sum  of  the  observed 
velocities  by  the  proper  value  of  the  distribution  factor. 

Though  a  somewhat  different  procedure  was  adopted  in  the  South- 
ern work,  it  was  clearly  proven  that  the  distribution  factor  is  a 
definite  function  of  the  gauge  height,  or  stage  of  the  river,  which, 
when  once  reduced  to  a  curve,  may  thereafter  be  used  as  the  quickest 
possible  means  of  ascertaining  the  mean  velocity  in  the  gauging  sec- 
tion. This  is  accomplished  simply  by  multiplying  the  sum  of  the 
velocities  at  a  given  set  of  meter  points  by  the  corresponding  value 
of  the  distribution  factor,  as  read  from  its  locus. 

In  short,  it  has  been  demonstrated  by  these  experiments  that,  in 
current-meter  work,  and  discharge  gauging  in  general,  one  may  deal 
with  aggregates  of  velocity  area,  and  discharge,  instead  of  individual 
values,  with  a  gain  in  accuracj^,  time,  labor,  and  satisfaction,  to  be 
realized  in  no  other  way. 

Take,  for  example,  the  case  of  an  observer  who  has  just  hurried  to 
a  gauging  station  to  measure  a  discharge  at  a  particular  stage  of  the 
stream.  He  drops  his  meter  at  two  or  three  dozen  permanently 
established  meter  points  (supposing  the  river  is,  say,  250  ft.  wide), 
adds  up  all  his  velocities,  compares  the  sum  with  his  statistical  velocity 
curve,  finds  the  sum  correct,  and  then  multiplies  it  by  a  factor  taken 
from  a  curve,  the  product  being  the  discharge.  The  whole  work  may 
be  done  within  an  hour  or  two.  Moreover,  the  observer  knows  his 
work  is  correct,  because  his  velocity  observations  are  checked. 

12. — It  is  very  certain  that  the  Geological  Survey  has  done  ex- 
cellent work  in  studying  velocity  curves  and  in  formulating  therefrom 
a  few  simple  laws  which  govern  the  discharge  of  rivers.  Much  of  this 
work  is  due  to  Mr.  Hoyt  with  whose  name  is  linked  some  of  the  most 
valuable  hydraulic  investigations. 

For  the  most  part,  the  writer's  studies  have  "been  connected  with 
shallow  turbulent  rivers,  as  he  is  frequently  compelled  to  examine 
streams  of  this  class  with  regard  to  the  character  of  their  flow.     It 
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iiiny   be  of   interest  to   know   that   lie   has   arrived   at  two   conclusions     Mr. 
eonnected  therewith.     They  are:  ^'^°^^- 

(a)  A  shaHow  tiirbulent  stream  may  be  gauged  satisfactorily  with 
a  screw  meter,  or,  better  still,  with  a  cup  and  a  screw  meter 
simultaneously. 

(h)  The  proper  point  in  a  shallow  turbulent  section  at  which  to 
take  the  meter  readings  is  at  mid-depth,  otherwise  the  meter 
is  too  near  the  surface  or  too  near  the  bottom  to  admit  of 
accuracy. 

Like  Mr.  Hoyt,  the  writer  has  summed  up  the  measured  dis- 
charges of  two  or  more  tributaries  to  find  a  good  check  on  the  dis- 
charge of  the  main  stream.  This  does  not  prove,  however,  as  a 
necessary  conclusion,  that  the  work  at  any  of  the  stations  is  correct, 
as  all  may  be,  and  sometimes  are,  affected  by  the  same  constant  error. 

In  reply  to  Mr.  Staniford :  The  writer  has  had  only  a  limited 
experience  with  the  current  meter  in  salt  water,  in  the  form  of  a  ship's 
log.  This  instrument  was  of  the  screw  type,  the  runner  being  very 
similar  to  that  of  the  Haskell  meter.  With,  care,  such  an  instrument 
will  give  distances,  and,  therefore,  velocities,  well  within  2%,  even  when 
the  sea  is  agitated,  assuming,  of  course,  that  there  is  no  current  or 
surface  drift. 

The  Haskell  meter  was  designed  by  Dean  Haskell  when  he  was 
working  in  salt  water,  and  is  adapted  for  use  in  both  salt  and  fresh 
water.  These  meters  have  been  used  in  coast  harbors  by  officers  of  the 
U.  S.  Engineer  Corps,  and  the  Coast  and  Geodetic  Survey ;  these 
officers  would  undoubtedly  be  able  to  state  how  fresh-  and  salt-water 
ratings  compare. 
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C.   H.   PiKRCE,   Assoc.   M,   Am.    Soc.   C.   E.    (by   letter). — Certain    Mr. 

Pi©rc© 

comparisons  of  current-meter  measurements  with  weir  discharge 
by  standard  formulas,  made  by  the  writer  and  other  members 
of  the  United  States  Geological  Survey  in  Hawaii  during  1911,  verify 
the  conclusions  reached  by  the  authors  in  their  experiments  on  weir 
discharge. 

The  weirs  were  on  irrigation  ditches  which  offered  excellent  oppor- 
tunities for  velocity-area  measurements,  either  in  flumes  or  prismatic 
sections,  within  short  distances  of  the  weirs.  The  methods  of  making 
the  velocity-area  determinations  were  those  regularly  used  by  the  engi- 
neers of  the  Geological  Survey,  as  follows:  The  total  cross-section  hav- 
ing been  divided  into  a  number  of  section  units,  the  mean  velocity  and 
area  of  each  were  measured;  the  product  of  the  mean  velocity  and  area 
of  each  individual  section  gave  the  discharge  for  that  section,  the 
total  discharge  being  the  sum  of  those  of  the  individual  sections.  In 
most  cases  the  sections  were  ^  ft.  wide,  and  they  always  extended 
vertically  from  the  water  surface  to  the  bottom  of  the  channel.  The 
mean  velocity  of  the  section  was  taken  as  one-half  the  sum  of  the 
means  for  the  verticals  on  each  edge  of  the  section,  the  mean  velocity 
for  the  vertical  being  one-half  the  sum  of  the  velocities  at  two-tenths 
and  eight-tenths  of  the  depth.  In  this  way,  four  determinations  enter 
into  the  computation  of  velocity  for  any  individual  section. 

The  velocity  measurements  were  made  with  small  Price  electric 
current  meters  wliicli  had  been  rated  by  the  United  States  Bureau 
of   Standards  at   Chevy  Chase  Lake,  Mar>-land. 

♦This  discussion  (of  the  paper  by  W.  G.  Steward.  Esq.,  and  J.  S.  LoogrH-ell,  Jun.  Am. 
Soc.  C.  E.,  published  in  February.  1913,  Proceedings,  but  not  presented  at  any  meeting),  is 
printed  in  Prncterlings  In  order  that  the  views  expressed  may  be  brought  before  all  niem- 
bers  for  further  discussion. 
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Mr.  Meter    discharge    comparisons    were    made    with    a    large    number 

'  of  weirs,  but  the  measurements  in  all  cases  did  not  cover  a  sufficient 
range  in  stage  for  a  complete  rating..  The  results  of  comparisons  with 
four  typical  weirs  will  be  given.  These  weirs  were  all  much  larger  than 
those  used  by  the  authors,  and  may  be  considered  as  types  of  the  better 
class,  being  well  constructed,  and  designed  to  meet  the  requirements 
•  of  standard  weir  formulas.  Two  of  the  weirs  were  rectangular;  one 
had  a  10-ft.  crest  and  the  other  nine  panels,  each  29  in.  wide.  The 
other  two  weirs  were  of  the  Cippoletti  type,  having  crest  widths  of  17 
and  25  ft.,  respectively. 

The  comparisons  covered  a  range  in  stage  equal  to  that  reached  by 
the  weirs  under  ordinary  working  conditions. 

10-Foot  Rectangtdar  Weir. — This  was  an  especially  well-constructed 
weir,  with  a  long  approach  channel  and  good  end  contractions.  Its 
crest  and  sides  were  formed  by  a  sharp-edged  steel  plate  set  in  con- 
crete. The  width  of  the  approach  channel  at  the  crest  level  was  23  ft. ; 
the  depth  below  crest  level  was  5.3  ft.,  with  side  slopes  of  1  to  4, 
giving  an  approach  channel  having  an  area  of  115  sq.  ft.  below  crest 
level.  A  continuous  record  of  the  head  on  the  crest  was  obtained  by  an 
automatic  clock  register. 

Six  discharge  measurements,  taken  a  short  distance  below  the  weir, 
give  a  rating  curve  which  is  very  well  defined  between  heads  of  0.4 
and  1.6  ft. 

A  comparison  of  the  discharge  curves  obtained  from  the  Francis 
formula, 

Q  =  3.33  (h  —  0.2h)  ]3 

and  from  current-meter  measurements,  is  shown  by  Table  19  and 
by  Fig.  5. 

Nine-Panel  Rectangular  Weir. — Each  of  the  nine  panels  in  this  weir 
had  a  crest  width  of  29  in.  The  crests  and  sides  of  the  panels  were 
formed  by  sharp-edged  steel  plates,  but  it  is  probable  that,  at  the  higher 
stages,  the  end  contractions  were  not  complete.  The  pool  was  approxi- 
mately circular,  and  the  weir  panels  were  placed  on  a  chord ;  water  was 
delivered  to  the  pool  by  a  timber  flume,  8  ft.  wide  and  6  ft.  deep,  the 
direction  of  flow  of  the  water  on  entering  the  pool  from  the  flume 
being  nearly  at  right  angles  to  the  line  of  the  weir.  Here,  also,  a 
continuous  record  of  the  head  on  the  crest  was  obtained  with  an 
automatic  clock  register. 

Twelve  discharge  measurements  in  the  flume  above  the  pool  give 
a  rating  curve  which  is  very  well  defined  between  heads  of  0.4  and  1.6  ft. 

A  comparison  of  the  discharge  curves  obtained  from  the  Francis 
formula  and  from  current-meter  measurements,  is  shown  by  Table  19 
and  by  Fig.  5. 
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TABLE  19. — Comparison  of  Discharge 
BY  Wkirs  and  by  Velocity-Arka   Measurements. 


Mr. 
Pierce. 


Average 

gauKe  height, 

in  feet. 


Variation  in 

gaupe  height. 

in  feet. 


Discliarge 
by  Francis 
formula,  in 
second-feet. 


Discharge 

by  current 

meter,  in 

second-feet. 


Difference, 

in 
second-feet. 


Percentage 

'    of 
difference. 


10-FooT  Rectangular  Weir. 


0.471 

0.001 

10.7 

11.7 

1.0 

9.3 

0.716 

0.000 

19.9 

21.5 

1.6 

8.0 

0.9&4 

0.0()0 

31.7 

35.0 

3.3 

10.4 

1.156 

O.OOO 

40.4 

43.0 

2.6 

6.4 

1.2ft2 

0.004 

47.1 

50.6 

3.5 

7.4 

1.474 

0.000 

57.9 

62.7 

4.8 

8.3 

9-Panel  Rectangular  Weir. 


0  45 

21.0 

2:3.6 

2.6 

12.4 

0.54 

27.4 

30,0 

2.6 

9.5 

0.67 

37.6 

42.9 

5.3 

14.1 

0.67 

37.6 

43.8 

6.2 

16.5 

0.68 

38.4 

43.4 

5.0 

13.0 

0.84 

51.8 

60.7 

8.9 

17.2 

0.93 

60.0 

69.3 

9.3 

15.5 

0.94 

60.8 

70.0 

9.2 

15.3 

0.97 

63.6 

74.9 

11.3 

17.8 

1.22 

87.8 

103. 

15.2 

17.3 

1.47 

113. 

138. 

25. 

22.1 

1.47 

113. 

143. 

30. 

26.5 

25-FooT  CipPOLETTi  Weir. 


0.405 

0.010 

21.4 

20.9 

-0.5 

-2.3 

0.662 

0.007 

44.8 

46.3 

-f  1.5 

-1-3.3 

0.845 

0.005 

64.7 

70.8 

+  6.1 

-1-8.6 

0.852 

0.005 

65.5 

71.8 

-f  6.3 

-t-8.8 

17-FooT  CiPPOLETTi  Weir. 


0.37 

0.00 

12.7 

12.3 

-0.4 

-2.2 

0.51 

0.00 

20.6 

19.5 

—  1.1 

-5.3 

0.62 

0.00 

27.6 

26.9 

—  0.7 

-2.5 

1.12 

0.02 

67.1 

68.5 

+  1.4 

+  2.1 

25-Foot  Cippoletti  Weir. — This  weir  had  a  sharp-edged  crest  and 
sides,  formed  by  a  steel  plate  set  in  concrete.  The  crest  width  was  25  ft. 
and  the  end  inclinations  were  1  to  4.  Four  current-meter  measure- 
ments, taken  in  a  lined  section  of  the  ditch  a  short  distance  above  the 
weir,  define  a  rating  curve  between  heads  of  0.4  and  0.9  ft.  An  auto- 
matic clock  register  gave  a  continuous  record  of  the  head  on  the  weir. 

A  comparison  of  the  discharge  curves  obtained  from  the  Francis 
formula  and  from  current-meter  measurements  is  shown  by  Table  19 
and  by  Fig.  (>.  The  curves  cross  at  about  O.af)  ft.  head,  showing  that, 
for  the  lower  heads  on  this  weir,  the  end  inclinations  should  slightly 
exceed  1  to  4,  in  order  to  provide  complete  compensation  for  end  con- 
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Mr. 
Pierce. 


Gauge  Height,  in  Feet 
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tractions.*    At  tlu^  liigher  stages  there  was  some  velocity  of  approach    Mr. 
at  the  center  of  the  .weir,  diminiishing  to  an  inappreciable  amount  at    *®'"'^®- 
the  icicles. 

17-Foot  CippoJelti  Weir. — This  was  similar  in  construction  to  the 
25-ft.  weir,  and  likewise  had  a  sharp-edged  crest  and  sides,  formed 
by  a  steel  plate  set  in  concrete.  The  crest  width  was  17  ft.  and  the  end 
inclinations  were  1  to  4.  Four  current-meter  measurements,  taken 
in  an  unlined  section  of  the  ditch  about  J  mile  above  the  weir,  define 
a  rating  curve  between  heads  of  0.3  and  1.2  ft.  An  automatic  clock 
register  provided  a  continuous  record  of  the  head  on  the  weir. 

A  comparison  of  the  discharge  curves  obtained  from  the  Francis 
formula  and  from  current-meter  measurements  is  shown  by  Table  19 
and  by  Fig.  6.  The  curves  cross  at  about  0.8  ft.,  indicating  that,  for 
this  weir,  the  end  inclinations  should  somewhat  exceed  1  to  4  for  heads 
less  than  0.8  ft.,  if  the  effect  of  end  contraction  is  to  be  completely 
compensated.  There  was  no  appreciable  velocity  of  approach  at  any 
stage. 

General  Conclusions. — The  results  of  these  comparisons  agree  with 
those  obtained  by  the  authors  as  far  as  showing  that,  for  rectangular 
weirs,  the  discharge,  as  computed  by  the  Francis  formula, 

Q  =  3..33  (b  —  0.2/1)  /it' 

is  less  than  the  actual  discharge.  This  is  found  to  be  true  for  all 
stages  covered  by  the  comparisons,  the  percentage  of  difference  varying, 
but  usually  being  greater  for  the  lower  heads,  except  for  weirs  which 
were  affected  by  velocity  of  approach. 

The  comparisons  made  by  the  velocity-area  method  seem  to  give 
a  smaller  departure  from  the  Francis  formula  than  those  made  volu- 
metrically  by  the  authors.  It  must  be  remembered,  however,  that . 
the  weirs  were  much  larger  than  those  used  in  the  Boise  experiments, 
and  that  the  heads  were  relatively  less,  being  well  within  the  limits 
for  which  weir  formulas  are  considered  applicable;  also,  that  the  weirs 
were  in  actual  operation  and  adjusted  to  every-day  conditions.  It 
appears  that  the  authors  extended  their  experiments  on  the  small  6-in. 
and  12-in.  weirs  to  heads  much  greater  than  should  be  allowed  for 
those  sizes. 

For  the  17-ft.  and  25-ft.  Cippoletti  weirs  at  low  heads,  the  Francis 
formula  agrees  fairly  well  with  the  results  obtained  by  the  velocity- 
area  method,  the  formula  giving  a  slightly  greater  discharge.  For  a 
discharge  of  more  than  about  40  sec-ft.,  in  each  case,  the  curves  diverge 
quite  rapidly,  with  the  velocity-area  discharge  the  greater. 

As  a  result  of  comparative  measurements  by  the  velocity-area  method 
with  several  types  of  weirs  varying  in  size  from  12  in.  to  30  ft.,  the 

♦Water-Supply  Paper  No.  200,  U.  S.  Geological  Survey,  p.  48. 
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Mr. 
Pierce. 


Gauge  Height,  in  Feet. 
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writer  has  rciidiod  the  conclusion  that  the  design  and  construction  Mr. 
of  the  weir  anil  the  method  of  delivering  the  water  to  the  crest  greatly  '®'^'^^' 
modify  the  theoretical  discharge,  and  that  no  coefficient  can  be  made 
to  apply  accurately  to  different  weirs,  although  of  the  same  type,  if 
constructed  under  different  designs.  What  is  needed  is  a  standard 
form  of  construction  and  a  rating  for  each  type  of  weir.  A  certain 
type  should  be  designed,  say,  for  delivering  not  more  than  1  sec-ft. 
of  water,  and  a  rating  should  be  provided  for  this  weir,  with  definite 
limits  as  to  operating  head;  a  second  tj'pe  should  be  designed  for 
quantities  between  1  and  5  sec-ft.,  with  a  corresponding  rating;  and, 
in  like  manner,  weirs  of  different  capacities  should  be  designed  for 
specified  limits  of  head.  The  rating  should  be  determined  experiment- 
ally for  each  type  of  weir,  and  from  direct  observations  on  that  par- 
ticular type.  A  set  of  standard  pla,ns  and  specifications  for  every 
rating  would  make  it  po.ssible  for  different  persons  to  construct  weirs, 
and  under  different  conditions,  but  according  to  the  same  design,  and 
giving  comparable  results.  The  rating  for  any  weir  might  be  ex- 
pressed algebraically,  but  probably  not  in  the  simple  exponential  equa- 
tion of  the  Francis  formula. 
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EBENEZER  SMITH   WHEELEIl,  M.  Am.  Soc.  C.  E.* 


Died  January  5th,  1913. 


Ebenpzer  Smith  Wheeler  was  born  at  Buckingham,  Wayne  Co.,  Pa., 
on  AuiTUst  27th,  1839.  In  1844,  he  moved  with  his  parents  to  Noble 
County,  Indiana,  and  it  was  there  that  he  received  his  early  training 
preparatory  to  entering  the  University  of  Michigan.  He  was  graduated 
from  that  University  in  the  Class  of  1867,  with  the  degree  of  Civil 
Engineer.  Later,  in  1897,  on  account  of  his  many  engineering  achieve- 
ments and  general  culture,  his  Alma  Mater  conferred  on  him  the 
hoiiorars-  degree  of  Master  of  Science. 

^fr.  Wheeler's  entire  engineering  work  was  performed  in  the  service 
of  the  United  States,  and  mainly  in  connection  with  projects  for  the 
improvement  of  navigation  on  the  Great  Lakes.  He  has  left  many 
enduring  monuments  which  will  continue  to  make  navigation  safer 
and  reduce  the  cost  of  transportation;  these  bear  testimony  more 
clearly  than  words  as  to  his  engineering  ability.  He  first  entered  the 
service  of  the  L^nited  States  under  the  U.  S.  Lake  Survey  in  1863 
as  Assistant  Engineer,  and  continued  in  that  work  until  1882.  While 
in  this  position,  Mr.  Wheeler  had  much  to  do  with  the  early  triangula- 
tion  of  the  Great  Lakes,  and  to  the  accuracy  of  his  work  is  due  largely 
the  reliability  of  the  charts  and  maps  used  as  guides  by  navigators. 
To  his  care  was  entrusted  the  delicate  work  of  determining  the  lengths 
of  the  primary  base  lines  in  the  Great  Lakes  triangulation  system, 
on  which  all  extensions  of  this  system  were  founded.  While  engaged 
on  this  work,  Mr.  Wheeler  devised  the  method  of  using  a  metal  bar 
in  melting  ice  as  a  means  of  standardizing  steel  tapes  and  base- 
measuring  apparatus.  This  method  of  standardization  was  afterward 
adopted  and  generally  used  by  others  in  this  branch  of  engineering. 

In  1882,  Mr.  Wheeler  entered  the  service  of  the  U.  S.  Engineer 
Corps  under  the  officer  stationed  at  Detroit,  Mich.  From  that  time 
until  1897,  he  was  stationed  at  Sault  Ste.  Marie,  Mich.,  in  immediate 
charge  of  all  Government  work  in  that  vicinity.  Under  his  direct 
supervision  were  constructed  the  Poe  Lock,  the  widening  and  deepen- 
ing of  the  St.  Marys  Falls  Canal,  the  Hay  Lake  Channel,  the  20  to 
21-ft.  channel  through  St.  Marys  River,  and  many  minor  improvements 
to  navigation. 

*  Memoir  preparetl  by  Charles  Y.  Dixon,  M.  Am.  Soc.  C.  E. 
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In  1897,  Mr.  Wheeler  was  designated  by  the  authorities  at  Wash- 
ington to  supervise  the  making  of  a  preliminary  survey  for  the 
Nicaragua  Canal  project  in  Central  America.  During  1897,  he  had 
direct  charge  of  all  field  parties  in  Nicaragua,  and  during  1898,  he 
was  in  Washington  preparing  his  report  and  plans  for  submission  to 
the  Nicaragua  Canal  Commission.  Mr.  Wheeler's  report  was  so  com- 
plete that  there  was  no  doubt  that  the  Nicaragua  Canal  was  a  feasible 
engineering  project,  but  this  route  was  afterward  abandoned  for  the 
Panama  Canal.  While  engaged  on  his  work  in  Nicaragua,  Mr.  Wheeler 
contracted  a  fever  fron>  the  effects  of  which  he  never  fully  recovered, 
although,  up  to  that  time,  his  had  been  a  most  rigorous  constitution. 

On  his  return  from  work  with  the  Nicaragua  Canal  Commission, 
in  1898,  Mr.  Wheeler  was  assigned  to  duty  in  the  U.  S.  Engineer  Office 
at  Detroit,  Mich.,  as  Chief  Assistant  Engineer,  and  he  continued  in 
that  position  until  his  death.  During  this  period,  he  had  direct 
chargp  of  the  construction  of  the  new  St.  Clair  Flats  Canal  and  of  the 
breakwater  at  Mackinac  Island.  His  engineering  experience  was  also 
found  to  be  invaluable  when  acting  in  an  advisory  way  in  connection 
with  all  other  important  works  of  the  District. 

While  stationed  at  Detroit,  Mr.  Wheeler  found  time  to  make  many 
investigations  of  value  along  lines  indirectly  connected  with  his  work. 
The  most  important  of  these  led  to  his  invention  of  the  Wheeler 
bathometer.  This  device  has  been  placed  on  a  number  of  freight  ves- 
sels on  the  Great  Lakes  to  give  warning  when  in  shoal  water.  It  has 
been  operated  successfully  for  several  seasons,  and  is  destined  to  be  the 
means  of  saving  life  and  property  on  the  Great  Lakes. 

A  mere  recital  of  the  works  with  which  Mr.  Wheeler  was  con- 
nected is  ample  evidence  of  his  engineering  ability;  but  he  was  much 
more  than  an  able  engineer;  he  was  well  informed  on  many  subjects, 
about  which  knowledge  would  be  expected  to  be  obtained  by  technical 
training  only.  He  was,  withal,  a  modest,  unobtrusive,  cultured  gentle- 
man. He  was  gifted  with  a  keen  sense  of  humor,  and  had  that  rare 
and  happy  faculty  which  enabled  him  to  solve  the  difficulties  of  others 
and  to  illustrate  his  own  thoughts  with  a  good  story  well  told.  He  was 
a  most  delightful  companion,  whom  it  was  a  genuine  privilege  to  have 
known,  and  no  one  could  know  him  well  without  being  the  better  for  it. 

In  1874,  Mr.  Wheeler  married  Miss  Clara  P.  Fuller  who,  with  one 
daughter  and  one  son,  survives  him.  To  his  family  the  sympathy  of 
a  host  of  friends  is  extended,  for  truly  all  who  knew  him  were  his 
friends. 

He  was  a  member  of  many  technical  and  fraternal  societies,  in- 
cluding the  Michigan  Engineering  Society,  the  Detroit  Engineering 
Society,  the  Detroit  University  Club,  and  the  Masonic  fraternity. 

Mr.  Wheeler  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  November  7th,  1883. 
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MINUTES  OF  MEETINGS 
OF  THE  SOCIETY 


February  19th,  1913.— The  ineetiiis'  was  called  lo  (mler  at  S..'5() 
!■.  .\i.;  Vi(v-Prosident  J.  Waldo  Smith  in  the  ehair;  T.  J.  McMinn, 
Assistant  Secretary',  aeting-  a.s  Secretary;  and  x^resent.  also.  I'M  mem- 
hers  and  19  prnests. 

A  paper  by  John  X.  Brooks.  Jun.  Am.  Soc.  ('.  K.,  entitled  "The 
Infiltration  of  (Jroiind-Water  into  Sewers,"  was  presented  by  the 
iuithor.  and  the  sub.iect  was  discussed  by  Messrs.  John  H.  Gregory, 
(J.  L.  Christian.  Edward  S.  Rankin,  E.  Kuichling,  Charles  Saville, 
Kenneth   Allen,   and   the  author. 

A  i)aper  by  J.  L.  M(>em.  Assoc.  .M.  Am.  Soc.  C.  E.,  entitled  "A 
Su.srgested  Improvement  in  Hnilding  Water-Bound  Macadam  Roads," 
was  presented  by  J.  ( '.  .Mccin.  M.  Am.  Soc.  C.  E.,  and  illustrated 
with  lantern  slides.  Tlie  pniicr  was  discussed  by  Messrs.  A.  H. 
Bhmchard,  who  illustrated  his  remarks  with  lantern  slides,  James 
Owen,  and  William  J.  Boucher,  and  communications  on  the  subject 
from  Messrs.  F.  G.  Frink,  C.  H.  Sweetser,  nnd  \V.  W.  (h-osby,  were 
read  by  the  Secretary. 
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A  paper  entitled  "On  Long-Time  Tests  of  Portland  Cement"  by 
I.  Hiroi,  M.  Am.  Soc.  C.  E.,  was  presented  by  the  Secretary.  Written 
discussions  from  Messrs.  Chandler  Davis,  L.  J.  Le  Conte,  and  George  G. 
Honness  were  presented  by  title  on  account  of  the  lateness  of  the  hour. 

The  Secretary  announced  the  following  deaths: 

John  Fritz,  elected  Member,  July  5th,  1893;  Honorary  Member, 
September  5th,  1899;  died  Februai-y  12th,  1913. 

David  McNeely  Stauffeh,  elected  Member,  September  2d,  1874; 
di(^d  February  5th,  1913. 

Adjourned. 

March  5th,  1913. — The  meeting  was  called  to  order  at  8.30  p.  m.; 

Vice-President  J.  Waldo  Smith  in  the  chair;  Charles  Warren  Hunt, 
Secretary;  and  present,  also,  121  members  and  12  guests. 

The  minutes  of  the  Annual  Meeting,  January  15th,  and  of  the 
meeting  of  February  5th,  1913,  were  approved  as  printed  in  Proceed- 
ings for  February,  1913. 

A  paper  by  Caleb  Mills  Saville,  M.  Am.  Soc.  C.  E.,  entitled 
"Hydrology  of  the  Panama  Canal,"  was  presented  by  title.  The 
Secretary  presented  a  eonnnunication  on  the  subject  from  Gen.  Henry 
L.  Abbot,  and  the  paper  was  discussed  by  1\  Ivennard  Thomson,  M. 
Am.  Soc.  C.  E. 

At  the  request  of  the  Chairman,  Robert  Ridgway,  M.  Am.  Soc. 
C.  E.,  addressed  the  meeting  on  the  subject  of  the  Dual  System  of 
Rapid  Transit  in  New  York  City,  and  the  matter  was  discussed  by 
Messrs.  W.  J.  Boucher,  N.  P.  Lewis,  L.  D.  Rights,  and  others. 

Also  at  the  request  of  the  Chairman,  Thomas  H.  Wiggin,  M.  Am. 
Soc.  C.  E.,  described  a  design  for  a  large  cast-steel  cover  in  a  shaft 
on  the  tunnel  for  the  Catskill  Aqueduct,  and  the  subject  was  discussed 
by  Messrs.  H.  F.  Dunham,  F.  W.  Skinner,  V.  H.  Hewes,  W.  B. 
Bamford,  and  others. 

The  Chair  having  asked  for  discussion  on  the  question  of  making 
the  meetings  of  the  Society  more  interesting,  Messrs.  T.  Kennard 
Thomson,  W.  J.  Boucher,  and  the  Secretary  expressed  their  views. 

The  Secretary  announced  the  election  of  the  following  candidates 
on  March  4th,  1913: 

As  Members 

William  Goodson  Ames,  Havana,  Cuba 
Herman  Peter  Andresen,  Chicago,  111. 
John  Toner  Barr,  Pittsburgh,  Pa. 
William  Godley  Coughlin,  Renovo,  Pa. 
William  Reid  Felton,  Lonetree,  Mont. 
Robert  Richard  Gales,  Bengal,  India 
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FuiKDiCKiCH  Ern.st  Gikskcki:.  Collcj^e  Station,  Tex. 

John  Ciiaklks  William  Guktii,  Pittsburfili,  Pa. 

KnwAKD   SiiiijMAX   Jackson,   (looding',   Idaho 

CuAin.K.s  All  uoLAS  jMonsarhat,  Montreal,  Quo.,  Canada 

William  Edward  Parkku,  Washington,  D.  C. 

IIr(;ii   1'attisox,  Chicago,  111.  , 

William  Powkll  Hoturock,  rittsburgh.  Pa. 

JosKi'ii  Alovsius  Kourke,  Boston,  JMass. 

CuARLKs  (ii:oR(jK  SciiADi':,  Canonsburg,  Pa. 

l'i;\\(  IS  Lkk  Wkakland,  New  York  City 

As  Associate  Mkmhkrs 

William   Thomas  Adeliielm,  Phi]adeli)hia,  Pa. 

KoiiKRT  Burns  Haldane  Begc^  Lawrence,  Ivans. 

Frank  Charles  Boes,  West  New  Brighton,  N.  Y. 

IvKiiARD  Bailey  Cook,  Easton,  Pa. 

\l\\   Edgar  Fulcher,  Burbank,  Wash. 

William  Goldsmith,  New  York  City 

Harry  Matt  Gray,  Poughkeepsie,  N.  Y. 

James  Edward  Grimes,  Chicago  Heights,  111. 

John  Wardwell  Howard,  Boston,  Mass. 

(hiARi.Ks  P)i{owN  Kingsley,  Toronto,  Ont.,  Canada 

Krnkst  Eucene  Lee,  Culebra,  Canal  Zone,  Panama 

Hal  Helm  Logan,  Denver,  Colo. 

Stanley  Macomber,  Centralia,  Wash. 

Joseph  Newall  McKernan,  Plainville,  Conn. 

John  Montgomery  Mahon,  Jr.,  Harrisburg,  Pa. 

Paul  !McClary  Paine,  Fellows,  Cal. 

Arturo  Pani,  City  of  Mexico,  Mexico 

Abraham  John  Ruth,  Cananea,  Sonora,  Mexico 

James  Cummin  Stevenson,  San  Antonio,  Tex. 

IIaukis  Martyn  Stringfellow,  City  of  Mexico,  Mexico 

(iKoRGE  RoscoE  Blaine  Symonds,  Manila,  Philippine  Islands 

James  Olin  Wanzer,  Los  Banos,  Cal. 

IIkimjert  Cassidy  Wells,  Washington,  D.  C. 

As  Juniors 

Andrew  Lewis  Ackhart,  Toronto,  Ont.,  Canada 
Harry  Ross  Daubenspeck,  Johnson,  N.  C. 
William  Fisher  Drury,  Orono,  Me. 
Richard  Henderson  Eurich,  Montclair,  N.  J. 
Robert  Nesbitt  Greene,  Southington,  Conn. 
James  Warren  Ingalls,  Lynn,  ]\rass. 
Eugene  Frederick  Mail,  Robinson,  111. 
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Seaton  Sciiroeder,  Jr.,  Altmar,  N.  Y. 
Robert  L'Hommedieu  Tate,  Princeton  Mills,  W.  Va. 
Theodore  Ernst  Veltfort,  Keokuk,  Iowa 
Chauncy  Wernecke,  Seattle,  Wash. 

The  Secretary  announced  the  transfer  of  the  following  candidates 
on   March  4th,  1913: 

From   Associate   Member  to   Member 

Clifford  George  Dunnells,  Pittsburgh,  Pa. 
Randall  Dunbar  Gardner,  Boston,  Mass. 
Kenneth  Crothers  Grant,  Pittsburgh,  Pa.. 
Guy  Walter  Harris,  Los  Angeles,  Cal. 
Ernest  Emmanuel  Howard,  Kansas  City,  Mo. 
Robert  Parsons  Howell,  Phillipsburg,  N.  J. 
Arthur  Ernest  Morgan,  Memphis,  Tenn. 
John  Richard  Pill,  Corona,  Ala. 
Blair  Ripley.  Toronto,  Ont.,  Canada 

From  Junior  to  Associate  Member 

Harold  Phillips  Farrincjton,  New  York  City 
Willis  CJeorge  Frost,  Heaklsburg,  Cal. 
Samuel  Arnold  Greeley,  Winnetka,  111. 
William  Heyman,  Jersey  City,  N.  J. 
Henry  James  Kesner,  Berkeley,  CaL 
Thomas  George  McCrory,  Seattle,  Wash. 
Richard  Elam  Mietii,  Portland,  Ore. 
Day  Ira  Ores.  Minneapolis,  Minn. 
Walter  Max  Sanger,  Toledo,  Ohio 
Oliver  Earle  Young,  Chicora,  Fla. 

The  Secretary  announced  the  following  deaths : 

Sir  William  Henry  White,  elected  Honorary  Member,  December 
16th,  1904;  died  February  27th,  1913. 

Albert  Safford  Cheever,  elected  Member,  June  7th,  1893;  died 
February  17th,  1913. 

Rudolph  Fink,  elected  Member,  September  21st,  1870;  died  Febru- 
ary 1st,  1913. 

Frank  Soule,  elected  Member,  March  1st,  1905;  died  February 
14th,  1913. 

Arthur  Garfield  Crysler,  elected  Associate  Member,  August  31st, 
1909;  died  October  22d,  1912. 

Adjourned. 
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ANNOUNCEMENTS 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M., 
every  day,  except  Sundays,  Fourth  of  Juiy,  Thanltsgiving  Day,  and 
Christmas  Day. 

FUTURE  MEETINGS 

April  2d,  1913.— 8.30  P.  M.— Tliis  will  be  a  regular  business  nieet- 
injr.  Two  i)ai)ers  will  lie  jircscntcd  fur  discussion,  as  follows:  "Shear- 
ing-  Strength  of  Construction  -loints  in  Stems  of  Reinforced  Concrete 
T-H«'anis,  as  Shown  by  Tests,"  by  Lewis  J.  Johnson,  M.  Am.  Soc.  C.  E., 
and  John  11.  Nichols,  Jun.  Am.  Soc.  C.  E. ;  and  "Fremantle  Graving 
Dock:  Steel  Dam  Construction  for  North  Wall,"  by  Josluia  Fielden 
Kamsbotham,  Assoc.  M.  Am.  Soc.  C.  E. 

These  paiiors  wen^  printed   in    Procei'dlnys  for  February,  1913. 

April  16th,  1913.— 8.30  P.  M.— At  this  meeting  two  papers  will 
be  i)resented  for  discussion  as  follows :  "Kinetic  Effect  of  Crowds," 
by  C.  J.  Tilden,  Assoc.  IVI.  Am.  Soc.  C.  E.;  and  "Some  Experiments 
with  Mortars  and  Concretes  Mixed  with  Asphaltic  Oils,"  by  Messrs. 
.\rthur  Taylor  and  Tlunnas  Sanliorn. 

These   jinpers   are   printed    in    this   iinniber  of  Proceed  in  g.s. 

May  7th,  1913. — 8.30  P.  M.— A  regular  business  meeting  will  be 
held,  and  a  paper  by  George  Schobinger,  Jun.  Am.  Soc.  C.  E.,  entitled 
"Colorado  Kiver  Siphon,"  will  be  presented  for  discussion. 

This  pai)er  is  printed  in  this  number  of  Pr'oceedings. 


ANNUAL  CONVENTION 

The  Forty-fifth  Annual  Convention  will  be  held  at  Ottawa,  Ont., 
Canada,  some  time  between  Jnne  1st  and  July  ITtth,  191:3,  the  precise 
date  having  not  yet  been  fixed. 


SEARCHES  IN  THE  LIBRARY 

III  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actnal  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many 
searches  have  been  made,  and  bibliograi)hies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
(picntly,  and  leaves  little  doiilii  that,  if  it  were  generally  known  to  the 
membership  that  siieli  work  would  be  undertiiken,  many  would  avail 
themselves  of   it. 
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The  cost  is  trifling  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 

In  reference  to  this  work,  the  Appendices*  to  the  Annual  Keports 
of  the  Board  of  Direction  for  the  years  ending  December  31st,  1906, 
and  December  31st,  1910,  contain  summaries  of  all  .searches  made 
to  date. 

PAPERS  AND  DISCUSSIONS 

Members  and  others  who  take  part  in  the  oral  discussions  of  the 
papers  presented  are  urged  to  revise  their  remarks  promptly.  Written 
communications  from  those  who  cannot  attend  the  meetings  should 
be  sent  in  at  the  earliest  possible  date  after  the  issue  of  a  paper  in 
Pi-oceedings. 

All  papers  accepted  by  the  Publication  Committee  are  classified 
by  the  Committee  with  respect  to  their  availability  for  discussion  at 
meetings. 

Papers  which,  from  their  general  nature,  appear  to  be  of  a  charac- 
ter suitable  for  oral  discussion,  will  be  published  as  heretofore  in 
Proceedings,  and  set  down  for  presentation  to  a  future  meeting  of  the 
Society,  and,  on  these,  oral  discussions,  as  well  as  written  communica- 
tions, will  be  solicited. 

All  papers  which  do  not  come  under  this  heading,  that  is  to  say, 
those  which  from  their  mathematical  or  technical  nature,  in  the 
opinion  of  the  Committee  are  not  adapted  to  oral  discussion,  will  not 
be  scheduled  for  presentation  to  any  meeting.  Such  papers  will  be 
published  in  Proceedings  in  the  same  manner  as  those  which  are  to 
be  presented  at  meetings,  but  written  discussions,  only,  will  be  re- 
quested for  subseqvient  publication  in  Proceedings  and  with  the  paper 
in  the  volumes  of  Transactions. 

LOCAL  ASSOCIATIONS  OF  MEMBERS 

OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS 

San  Francisco  Association 

The  San  Francisco  Association  of  Members  of  the  American 
Society  of  Civil  Engineers  holds  regular  bi-monthly  meetings,  with 
banquet,  and  weekly  informal  luncheons.  The  former  are  held  at 
6  P.  M.,  at  the  Palace  Hotel,  on  the  third  Friday  of  February,  April, 

*  Proceedings,  Vol.  XXXIII.  p.  20  (January,  1907);  Vol.  XXXVII,  p.  28  (January,  1911). 
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Juno,  August,  October,  niiil  I  )('ccnili('r,  I  he  last  being  the  Annual 
-Meeting  of  the  Assoeiation. 

Informal  lunelieons  are  held  at  12.15  i'.  M.  every  Wednesday,  and 
the  place  of  meeting  may  be  ascertained  by  communicating  with  the 
Secretary  of  the  Association,  E.  T.  Thurston,  Jr.,  jM.  Am.  See.  C.  E., 
713    .Mechanics'  Institute,  57  Post  Strcet. 

'I'tic  by-laws  (if  the  Association  provide  for  the  extension  of  hospi- 
talit.N  t<i  aii\-  iiiciiibcr  of  the  Society  who  may  be  temporarily  in  San 
l'"i'aiicisr(i,  and  any  sucli  nicnibcr  will  be  gladly  welcomed  as  a  guest. 

Colorado   Association 

The  meetings  of  the  Colorado  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  are  held  on  the  second  Saturday 
of  each  month,  except  July  and  August.  The  hour  and  place  of  meet- 
ing are  not  fixed,  but  this  information  will  be  furnished  on  application 
to  the  Secretary,  Gavin  N.  Houston,  M.  Am.  Soc.  C.  E.,  409  Equitable 
Building,  Denver,  Colo.  The  meetings  are  usually  preceded  by  an 
informal  dinner.  Members  of  the  American  Society  of  Civil  Engineers 
will  be  welcomed  at  these  meetings. 

Weekly  luncheons  are  held  on  Wednesdays,  and,  until  further 
notice,  will  take  place  at  the  Colorado  Traffic  Club. 

Visiting  members  are  urged  to  attend  the  meetings  and  luncheons. 

(Abstract  of   Meeting) 

February  8th,  1913. — -The  meeting  was  called  to  order;  President 
Ketchum  in  the  chair;  G.  N.  Houston,  Secretary;  and  iiresent.  also. 
Hi  members  and  3  guests. 

A  Progress  Report  of  the  Legislative  Committee  was  read  by  J.  E. 
Field,  ]\I.  Am.  Soc.  C.  E.,  and  approved. 

The  Secretary  read  the  Report  of  the  Auditing  Committee,  which 
was  approved  and  the  Committee  discharged. 

After  discussion  on  the  proposed  Amendment  to  the  By-Laws  of 
the  Association  concerning  the  election  of  officers,  and  on  motion, 
duly  seconded,  it  was  ordered  that  the  Nominating  Committee  be 
increased  to  five  members  to  be  selected  at  large  from  the  Association 
by  the  Chair. 

A  paper  on  "Surety  Bonds,"  by  C.  L.  Martindalc,  Resident  Vice- 
President  of  the  Equitable  Surety  Company,  was  read  by  Vernon  L. 
Foxwell,  Manager  of  the  American  Bonding  Company,  who  also  dis- 
cussed the  subject.  The  paper  was  discussed  from  the  legal  standpoint 
by  H.  II.  Clark,  Attorney  for  the  U.  S.  Fidelity  and  Guarantee 
Company. 

Adjourned. 

Atlanta  Association 

On  March  14th,  1912,  the  Atlanta  Association  of  Members  of  the 
American  Society  of  Civil  Engineers  was  organized,  with  the  following 
officers:  Arthur  Pew,  President;  William  A.  Hansell,  Jr.,  Secretary; 
and  Messrs.  James  N.  Hazlehurst  and  Alexander  Bonnyman,  Members 
of  the  Executive  Committee.  The  Association  will  hold  its  meetings 
in  the  house  of  the  Fniversity  Cliib. 


234  AXKOUyCE:\rEXTS  [Society  Aflfairs. 

PRIVILEGES  OF  ENGINEERING  SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN  SOCIETY   OF  CIVIL  ENGINEERS 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of  their 
Reading  Rooms  and  at  all  meetings  : 

American  Institute  of  Mining  Engineers,  29  West  Thirty-ninth  Street, 

New  York  City. 
American  Society  of  Mechanical  Engineers,   2U    West  Thirty-ninili 

Street,  New  York  City. 
Architekten-Verein  zu  Berlin,    Wilhelmstrasse    92,    Berlin   W.    6(5, 

Germany. 
A.ssociagao  dos  Engenheiros  Civis  Portuguezes,  Lisbon,  Portugal. 
Australasian  Institute  of  Mining  Engineers,    Melbourne,    Victoria, 

Australia. 
Boston  Society  of  Civil  Engineers,  715  Tremout   Temple,  Boston, 

Mass. 
Brooklyn  Engineers'  Club,  117  Remsen  Street,  Brooklyn,  N.  Y. 
Canadian  Society  of  Civil  Engineers,  413   Dorchester  Street,  West, 

Montreal,  Que.,  Canada. 
Civil  Engineers'  Society  of  St.  Paul,  St.  Paul,  Minn. 
Cleveland  Engineering  Society,    Chamber   of   Commerce    Building, 

Cleveland,  Ohio. 
Cleveland  Institute  of  Engineers,  Middlesbrough,  England. 
Dansk   Ingeniorforening,  Amaliegade  38,  Copenhagen,  Denmark. 
Engineers'  and   Architects'  Club    of    Louisville,   Ky.,    303  Norton 

Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 
Engineers'  Club  of  Baltimore,  Baltimore,  Md. 
Engineers'  Club  of  Minneapoh's,  17  South  Sixth  Street,  Minneapolis, 

Minn. 
Engineers'  Club  of  Philadelphia,  1317  Spruce  Street,  Philadelphia,  Pa. 
Engineers'  Club  of  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 
Engineers'  Club  of  Toronto,  90  King  Street,  West,  Toronto,  Out., 

Canada. 
Engineers'  Society  of    Northeastern    Pennsylvania,    302    Board    of 

Trade  Building,  Scranton,  Pa. 
Engineers'  Society  of  Pennsylvania,  219  Market  Street,  Ilarrisburg, 

Pa. 
Engineers'  Society  of  Western  Pennsylvania,  2511  Oliver  Building, 

Pittsburgh,  Pa. 
Institute  of  Marine   Engineers,  58  Romford  Road,  Stratford,  Lon- 
don, E.,  England. 
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Institution  of  Enj^ineers  of  the  River  Plate,  Bueuos  Aires,  Ai- 
ireiitine  Republic. 

Institution  of  INaval  Architects,  5  Adelphi  Terrace,  Loudon,  VV.  C, 
Eii<.,'laii(l. 

Junior  Institution  of  Engineers,  :V.)  Victoria  .Street,  Westminster, 
S.  \V.,  London,  KnijlancL 

Koninl^lijk  Instituut  van  Ingenieurs,  The  Hague,  The  Netherlands. 

Louisiana  Engineering  Society,  321  Hibernia  Hank  liuilding,  New- 
Orleans,  La. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
ylietlleld,   fc^ngland. 

Montana  Society  of  Engineers,  Butte,  Mont. 

North  of  England  Institute  of  Mining  and  Mechanical  Engineers, 
Newcastle-upon-Tyue,  England. 

Oesterreichischer  Ingenleur-  und  Architekten=Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

Pacific  Northwest  Society  of  Engineers,  803  Central  Building,  Seat- 
tle, AV'ash. 

Rochester  Engineering  Society,  Rochester,  N.  Y. 

Sachsischer  Ingenieur-  und  Architekten-Verein,  Dresden,  Germany. 

Sociedad  Colombiana  de  In^jenieros,  Bogota,  (Jolonibia. 

Sociedad  de  Ingenieros  del  Peru,  Lima,   Peru. 

Societe  des  Ingenieurs  Civils  de  France,  19  Hue  Blanche,  Paris, 
France. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W., 
London,  EnglancL 

Svenska  Teknologforeningen,  Brunkebergstorg  18,  Stockholm, 
Sweden. 

Tekniske  Forening,  Vestre   Boulevard  18-1,  Copenhagen,  Denmark. 

Western  Society  of  Engineers.  1737  Monadnock  Block,  Chicago,  111. 
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ACCESSIONS  TO  THE  LIBRARY 

(From  February  ;3d  to  March  4tli,  1913) 

DONATIONS.* 
ROADS,  PATHS  AND  BRIDGES. 

By  Logan  Waller  Page,  M,  Am.  See.  C.  E.  (The  Farmers  Practical 
Library.)  Cloth,  7^  x  5  in.,  illus.,  263  pp.  New  York,  Sturgis  & 
Walton  Company,  1912.    75  cents. 

The  Introduction  states  that  it  is  the  purpose  iu  this  boolv  to  give,  iu  a  conei.se 
and  elementary  form,  the  fundamental  principles  governing  the  construction  of  roads, 
paths  and  bridges  for  farm  and  neighborhood  purposes,  and  to  present  the  detail.^ 
of  construction  and  maintenance  in  connection  therewith  so  that  they  may  be  easily 
followed.  The  author  has  also  included  matter  relating  to  the  origin  and  develop- 
ment of  road  building  and  the  progress  of  road  legislation  and  administration, 
as  well  as  a  few  of  the  economic  phases  of  the  road  question.  The  Chapter  headings 
are:  History  of  Road  Building;  Road  Legislation  and  Administration;  Locations, 
Surveys,  Plans,  Specifications  ;  The  Earth  Road  ;  The  Sand-Clay  Road  ;  The  Gravel 
Road  ;  The  Broken  Stone  Road  ;  The  Selection  of  Materials  for  Macadam  Road.,  ; 
Maintenance  and  Repairs  ;  Roadside  Treatment  ;  Modern  Road  Problems ;  Paths  ; 
Culverts  and  Bridges  ;   Bibliography  ;   Index. 

HANDBOOK  OF  RAILROAD  EXPENSES. 

By  J.  Shirley  Eaton.  Morocco,  7  J  x  5  in.,  12  +  559  pp.  New  York 
and  London,  McGraw-Hill  Book  Company,  1913.     $3.00. 

The  present  form  of  accounting  and  accounting  statistics  required  of  the  rail- 
roads by  the  Interstate  Commerce  Commission  is,  the  preface  states,  the  product 
of  many  years  of  experience  and  careful  study.  The  author  states  that  as  the 
questions  involved  in  the  transportation  field,  individual  and  social,  will  some  day 
be  discussed  in  a  manner  which  will  deserve  to  be  termed  "scientific",  he  has  at- 
tempted to  comprehend  in  these  classifications  all  the  economic  forces  which  have 
play  in  the  transportation  business.  His  intention  has  been  to  present  a  hand- 
book containing  a  "Classification  of  Railroad  Expenses"  which  is  reasonably  complete 
for  all  the  purposes  of  the  operating  official  or  for  the  railroad  statistician  and 
financier.  This  analysis,  it  is  said,  is  intended  to  supersede  that  contained  in  the 
author's  "Railroad  Operations — How  to  Know  Them,"  published  about  twelve  years 
ago.  All  existing  indexes  of  expenses  have  been  freely  used  in  compiling  this 
Handbook,  and  abridged  versions  of  some  of  the  texts  of  the  Interstate  Commerce 
Commission  are  included.  The  "Classification"  of  the  Interstate  Commerce  Com- 
mission is  given  in  full  with  the  Commission's  later  corrections  incorporated  in  the 
text.  The  Contents  are :  The  Capital  and  Income  Accounts  ;  Maintenance  of  Way 
and  Structures  ;  Maintenance  of  Equipment  ;  Traffic  Expenses  ;  Transportation  ;  Gen- 
eral Expenses  ;  Outside  Operations  ;  Additions  and  Betterments  ;  Interstate  Com- 
merce  Commission   Texts — Reprinted   and   Abridged;    Index. 

THE  MODERN  GASOLINE  AUTOMOBILE: 

Its  Design.  Construction,  Maintenance  and  Repair.  By  Victor  W. 
Page.  Cloth,  8|  x  5|  in.,  illns.,  693  pp.  New  York,  The  Norman  W. 
Henley  Publishing  Company,  1913.     $2.50. 

In  a  secondary  title,  it  is  stated,  that  this  book  is  a  comprehensive  treatise  in 
which  all  the  principles  pertaining  to  gasoline  automobiles  and  their  component  parts, 
are  defined,  every  phase  of  the  subject  being  treated  in  a  practical,  non-technical 
manner.  After  explaining  the  basic  principles  of  the  gasoline  motor  car,  the  author 
describes  actual  forms  and  mechanisms,  in  order,  it  is  stated,  that  their  practical  ap- 
plication and  the  relations  which  the  various  parts  bear  each  other  may  be  easily  un- 
derstood. In  addition  to  a  thorough  discussion  of  the  automobile,  its  equipment,  acces- 
sories, tools,  supplies,  spare  parts,  etc.,  detailed  descriptions  of  the  most  recent  innova- 
tions in  1913  models  are  given,  such  as  the  torpedo  and  other  body  forms,  sleeve  valve 
motors,  selective  sliding  gearset,  shaft  and  bevel  gear  drive,  worm  gear  power  trans- 
mission, magneto  ignition,  electric  lighting  systems,  etc.  Examples  from  temporary 
foreign  and  domestic  practice  are  included,  as  well  as  about  500  illustrations 
which  have  betn  made  from  actual  working  drawings.  The  Contents  are:  Types  of 
Modern  Automobiles ;  How  Power  is  Generated  ;  The  Principal  Parts  of  Gasoline 
Engines.  Their  Desian,  Construction  and  Application  ;  Constructional  Details  of 
Pistons  ;    Liquid   Fuels   Used    and   Methods   of   Vaporizing  to   Obtain    Explosive   Gas ; 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the  publishers. 


Man 


ACCKSSlOiNS   TO    TllK    MliliAUY  237 


AutoiiK.bilo  I'owor-I'hiiit  Ignition  Systems  Oulliiu'd  ;  Uouson  lor  Lubrication  of 
.Moihiinism  ;  Utility  of  Cluttlu's  and  Gearsets  Uefimii  ;  The  Chassis  and  Its  Coiii- 
|)onents  ;  Wheels,  Kims,  and  Tires  ;  Motor  Car  Equipment  and  Accessories  ;  Operating 
Advice  and  Kxplauation  of  Automobile  Control  Methods;  Practical  Hints  to  Assist 
in  Locating  Power-Plant  Troubles  ;  Keeping  Up  the  Motor-Car  Chassis  ;  Index. 

DIARY  OF  A  ROLNDHOUSE  FOREMAN. 

I!y  T.  S.  Iveilly.  Cloth,  7x5  in.,  158  pp.  New  York,  The  Norman 
\V.   Ilonley  Publishing  Company,  1912.     $1.00. 

The  subject-matter  contained  in  this  book  first  appeared  anonymously  iu  the 
h'dilira!/  and  Engineering  Review  as  a  serial.  In  order  to  give  the  man  who  is 
about  to  take  charge  of  a  roundhouse  that  grasp  of  administrative  matters  which 
is  essential  to  his  success,  it  has  been  assumed  that  a  typical  young  machinist  has 
been  placed  in  charge  of  a  roundhouse,  and  his  experiences  in  that  position  are 
given.  It  is  stated  that  all  the  characters  and  incidents  have  been  taken  from 
actual  railroad  life,  having  passed  under  the  authors  personal  observation  while  oc- 
cupying various  positions  as  a  railroad  official. 

ELEMENTARY  PRINCIPLES  OF  ELECTRICITY  AND  MAGNETISM. 

For  Students  in  Engineering.  By  Robert  Harbison  Hough  and 
XValter  Martinus  Boehm.  Cloth,  7J  x  5  in.,  illus.,  7  +  233  pp.  New 
Vork.  The  ^laemillan  Company;  London,  JMacmillan  &  Co.,  Ltd.,  1913. 
•tl.lO. 

The  object  of  this  book,  it  is  stated,  is  to  develop,  in  logical  order,  the  more 
important  numerical  relations  existing  among  the  principal  quantities  used  in  elec- 
tricity and  magnetism,  from  definitions  and  elementary  laws  stated  in  simple  lan- 
guage. Only  those  relations  which  are  fundamental  to  the  design  of  the  various 
machines  and  engines  used  in  engineering  practice  are  developed,  and  no  attempt 
has  been  made  to  include  any  descriptive  matter.  The  text,  it  is  stated,  is  intended 
to  be  used  with  lecture  demonstrations  involving  three  types  of  experiments,  namely, 
those  presenting  elementary  phenomena  or  independent  experimental  laws  on  which 
the  propositions  depend  :  verification  of  the  principal  propositions  derived  ;  and  illus- 
trations of  the  more  important  applications.  Problems  are  included  to  illustrate  the 
use  of  formulas,  the  principal  equations  being  numbered  for  convenient  reference. 
The  Contents  are:  iSIagnetism  ;  Magnetic  Induction;  Electrostatics;  Electrostatic  In- 
duction; Capacity  (Electrostatic);  Electrostatic  Machines;  Electrodynamics 
(Fields);  Quantity;  Resistance,  Difference  of  Potential  and  Capacity;  Networks 
of  Conductors;  Electrodynamics  (Conductors);  Electro-Magnetic  Induction;  Mag- 
netic Circuits  ;  Rotating  Coil  in  Uniform  Field  ;  Coefficients  of  Induction  ;  Alter- 
nating Currents  ;   Dynamo  Electric  Machinery  ;   Appendix  ;    Index. 
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11,  Tierra  Blanca,  Ver.,  Mexico J 

Weir,  Max  Wakeman.  Engr.,  The  Conini.  for  the  Drain- 
age of  the  Tonawanda  and  Oak  Orchard  Swamps, 
Elba,  N.   Y Feb.       4,   1913 

associate  members 

Baldridge,    James    Ramsey.       Contr.     Engr..  )    -,  t^  .  ^nnc 

^^    '       .                                                                   Jim-  Dec.  4,  1906 

Hennebique    Constr.    Co.,     1170     Broad-   l    .            ^^  /%  i.  or.  mio 

^^  ^     ,^     ,     _.                                           r  Assoc.  M.  Oct.  29,  1912 

way,  New  York   City \ 

CoNKLiN,  Charles  Denton,  Jr.  Cons,  and  Designing  Struc- 
tural Engr.,  Reed  Bldg..  I'hilu.lclpliia  (Res.,  Chelten- 
ham), Pa Feb.       4,   191 .! 

Connelly,  Joseph  Augustine  Aloysius.  Asst.  Engr., 
Public  Service  Conini..  First  Dist.,  888  Forest  Ave.. 
New  York  City Feb.       4,  1913 

Converse,  Warren  Hoover.  Jr.     Designing  Engr..  The  C(m- 

verse  Bridge  Co.,  Ridgedale  Sta.,  Chattanooga,  Tenn.      Jan.       7,  1913 


r   Assoc.  M.     Fol).       4.    l!li:! 
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ASSOCIATE    i\ii:.Mi!i:i!s    [Cuntinind)  Hato  of 

McmbiTsliip. 

('iu)i'i:i;.  Sii)\i:v    W  (uiix.i  i  r  .      I  )i  a  iiia-v   Kw-iv.,  U.  S.  J)c|)t.  <.l 

A{,'ri..  Koswfll.    N.    Mcx Jan.        7,    101:5 

DiKKKE.  J>()ris   Warhk.n.     (lit".    Kiiiii-..  Coiistr.,  Moridiiin  & 

Mi'inpliis  K.  R.,  IJox  I'.i'.i.  iMi'iidian.  Miss Fob.       4,    lltl.S 

Iji.swoinir.  C'l.AHK.NCK  KiiiKNK.  Jii  dig..  V.  S.  Ooologieal 
Survey  Water  Supply  Investigation--.  ^  nknn'ranaiia 
Kegioii,  Alaska.   17.37   Vou  St.,  Washington.  D.  C...      Feb.        4.    llM.'i 

K.NTENMANN,  Paul  Max.     Asst.  Engl'.,   Public  ]     ^ 

o       ■  /.                .-     <  .^-  ^      »..,     ,-     .  /  Jun-  Mar.       1,    1010 

Service  (  onnn..     Fiisf  Dist.,    94.5     Fast  l  ,  ' 

,,., ,    o,  ,,       ,  ,          V  x  C  Assoc.  M.     Feb.       4,    19 1:5 

22d   St.,  Lrnoklyn.    N.  ^ \  ' 

EsTEX,     llowAUi.     Ko.s.s.      Asst.    Engr..    N.     \'..   ) 

A.    11.  iV    11.   H.  K.,  0.5.5  Hope  St.,    i'rovi- 

(leiice,  R.   1 

FiMEY,  CiiARLi:s  MacFaim.ane.     -208  American  Blk.,  Sioux 

City.    Iowa Fel).        4.    l!ll:! 

Gard.nek,    Henry    James,     .Th.       I'rin.     Asst.  \    -^ 

Engr.,    Ricker   &    Minniss.    ,()J    Kihcott  l    .  ^r      ^  , 

o       T^    fl-  1      XT    V  i    --^^^of'-  ^^-     Feb.       4,   1013 

Sq.,  Buffalo,  N.  Y ^ 

Cranhpre.   Ambrose   Goulet.      Supt   of   Constr..    Marshall 

&  Fox.  .5:54:3  Ellis  Ave..  Chicago,  111 Dec.        :5.    1!)1-J 

Grimes,  Er.ne.st  Edmvxd.     Care,  Utah  Ky..  51G  Felt  Bldg., 

Salt   Lake  City,   Utah Feb.       4.   191 :5 

Hatch.    Fki:i)erick   Nathaniel.      With    West-  )    _  ^  ,    ,,^,,_ 

ingliouse.  Church,  Kerr  &  Co.,  Sb   rhihp   I    ,  ,^      _  ,  ,     ,„,„ 

„  °    ,            ^.,      U    T  I    Assoc.  M.     Feb.       4,   1913 

St.,  Jersey  City,  N.  J ) 

lIicKER.soN,  Thomas  Felix.     Associate  Prof,  of  Civ.  Eiig.. 

Univ.  of  North  Carolina,  Chapel  Hill.  N.  C Feb.       4.   191:5 

Hill,  (Jordon  I5irnett  Gifford.     Asst.  Supt.,  1 

BcHpiilia     Dam.     for    Mexican    Northern    I    Jvui.  July       1,   1909 

Powei-  Co..  Ciudad  Caniargo,  Chihuahua,    f    Assoc.  M.     Feb.       4,   1913 

Mexico J 

•foiiNSTONE.   Ai.AX  MooRE   Edwarii.      2142  Ellis  Ave.,   New 

Vnrk    City Feb.        4.    191:! 

Kiim:.  William  Archibald,  .Iu.     Clif.  Isngr..  Wliite  River 

Levee  Dist.,  Box  276,  Cotton   i'laut,  Aik Feli.       4.   191:! 

McCarthy,  Danhcl  Francis.     Bronxville,   N.   V Sept.      3,   1912 

McSwAiN,  Thomas  Rlcker.     City  Engr.,  Tulare,  Cal Jan.       7,   1913 

Mayo,    Geoffrey    Wainman.      Designing    Engr..    Dept.    of 

Eng.   and    !'ul)lic   Works,   Care.   City   Engr..   Manila, 

I'hiliiipinc   Ulands Dec.       3,   1912 

Packard,  Amisrose.     Engr.,  Pies.,  and  Mgr.,  J.  S.  Packard 

Dredging  Co.   and    Packard   Hydr.   Dredging  Co.,   93 

South  Angell  St..  Providence,  R.  I Feb.       4,   1913 

Reimann-Hansen.  Robert  Lotis.    Head  Drafts-   j    j^^^  ^^^  ^^^. 

man.  B.  &  (..  R.    K..  :i.i:{7    Park  ll..ight<    I   ^^^^^    ^^      ^^^        ^^   ^^^3 

Ave..  ]5a1tiniore.   Md ) 
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ASSOCIATE  MEMBERS    {Continued)  Dato  of 

Membership. 

Sampson,   George   Arthur.     Prin.  Asst.   to  Robert  Spiur 

Weston,  695  Washington  St.,  Brighton,  Mass Feb.       4.   1913 

Shelley,   Oswald   Procter.      Engr.,    Lillev    &  ^  ^  .      .,     ^  ,„^, 

rp,        ,         ^        „,„    „.   ,^      „,,        "I,        /  Jun.  April     5,  1904 

Thurston    Co..     310    Rialto    Bldg.,    San   ^  .  ,,  „\       r.«  ir.,« 

-c,         .  ^  ,  "  Assoc.  M.  Oct.      29,  1912 

Francisco,  Cul \ 

Smulski,   Edward.     With   Sanford   E.   Thompson,   in   Chg. 

of  Dept.  of  Design,  141  Milk  St.,  Room  809.  Boston. 

Mass Feb.       4.   1913 

Steep,  James  Bigei.ow.     Chf.  Engr..  Noelke  Richards  Iron 

Works,  1732  North  Illinois  St.,  Indianapolis,  Ind...  Feb.  4,  1913 
Taylor,  Henry  William.    Hydr.  and  San.  Engr.,  100  State 

St.   (Res.,  346  State  St.),  Albany,  N.  Y Feb.       4,   1913 

Tirrell,    Charles   Edwards.     Chf.   Engr.,   A.  ")  q     +       i    lonr 

Friederich    &    Sons    Co..    106    Mill    St.,   I    ,  ,,      ^^^      /  !m. 

^     .      ,        ^r    ^T  [   Assoc.  M.     Feb.       4,  1913 

Rochester,  N.  Y ) 

Webster,     Royal     Sylvester.       Asst.     Engr..  )  ^  r^  .  n  ^nno 

TT  r.^,T3T,.  itt/  Jun.  Oct.  6.  1903 

Havana  Central  R.  R.,  Arsenal,  Havana,   v  .  ,,  _,  ,  ,  ,^,o 

r  Assoc.  M.  Feb.  4,  1913 

Cuba ) 

Wilson,  John  Junior.     330  Mapleton  Ave.,  Boulder,  Colo.     Feb.       4,   1913 

JUNIORS 

Dodge,  Frank  Earle.     Engr.  on  Constr.,  for  Knickerbocker 

Portland  Cement  Co..  Hudson,  N.  Y Feb.       4,  1913 

Lee,  Chester  Sherman.  Engr.,  M.  of  W.,  Otsego  &  Herki- 
mer R.  R.,  Cooperstown,  N.  Y Feb.       4,   1913 

Lewis,  Harold  MacLean.  With  George  W.  Fuller,  170 
Broadway,  New  York  City  (Res..  1511  Albermarle 
Rd.,  Brooklyn,  N.   Y.) Feb.       4,    1913 

Ort,  Albert  August  Lambert.  Vice-Pres.  and  Engr.  in 
Chg.,  Pitometer  Dept.,  The  Municipal  Supply  Co., 
601  Western  Uniim  Bldg.,  Chicago,  111 Sept.      3,   1912 

Porter,  Elmer  Alfred.  Asst.  Engr.,  LT.  S.  Geologic;)  1  Sur- 
vey, Salt  Lake  City.  Utah Ocl .        1.   1912 

Rasmussen,  Alvin  Christian.     Asst.   Engr.,    Inslcy  Mfg. 

Co.,  2250  Central  Ave.,   Indianapolis,   Ind Feb.       4.   1913 

Wells,  James  Bertrand.     With  Eng.  Dept.,  Standard  Oil 

Co.,  365  Guinda  St..  Palo  Alto,  Cal Jan.       7.   1913 


I 
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MEMBERS 

Adams,  Edwin  Griggs.     Care,  Riter-Conley  Mfg.  Co..  Pittsburgh.  Pa. 
Backes,  William  James.     Engr.,  M.  of  W.,  N.  Y.,  N.  H.  &  H.  R.  R.,  New 

Haven,  Conn. 
Bacon,  Theodore  Hastings.     Care,  John  F.  Stevens  Constr.  Co.,  55  Wall 

St.,  New  York  City. 
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MEMUERS   ( Continued ) 

lioAUD.MAN,  HoWAui)  IIdwaum.  Chf.  Asst.  Engr.,  Unilcr-iroiiiul  Lines,  Bvienos 
Aires  Western  Ky.,  Buenos  Aires,  Argentine  Republic 

liuuitiS.  JosiAH  AcKEHMAN.  Cous.  Engr.,  2:?0.'i  Andrews  Ave.,  New  York 
City. 

lUcK,  KiciiAiu)  SiTTON.  (111".  Kugr.,  Duniitiinii  ]'.ridge  Co.,  Ltd.,  Montreal, 
Que.,   Canada. 

Brui),  Rau-h.     l^if.  Engr.,  G.  N.  Ry.,  St.  Paul,  Minn. 

JUkkowes,  IIahuy  Cii.bekt.  Cons.  Engr.,  East  Brady,  Pa. 

CiiuisTiAN,  Ceoiuu':  Lvo.n.  Asst.  Engr.,  Bureau  of  Sewers,  Borougli  of  tlie 
Bron.x,  East  ITTtli  St.  and  Third  Ave.  (Res.,  212  East  2:i9th  St.), 
New  York  City. 

Cui-PiTTS,  \Valter  \\'illiam.  \'iee-Pres.,  \V.  H.  Coverdale  &  Co.,  66  Broad- 
way, New  York  City. 

Clktis,  Loren  Bradley.    Provo,  Utah. 

DeLano,  Harry  Clark.  Chf.  Engr.,  San  Juan  Harbor  Board,  San  Juan, 
Porto  Rico. 

FiXLEY,  Einvix  Cliffuiu).  Supt..  M.  of  W.,  San  Antonio  &  Aransas  Pass 
Ry.,  Yoakum,  Tex. 

Frew,  Archirald  Smith.  Hoskin  Bldg..  Sydney,  New  South  Wales,  Aus- 
tralia. 

GuuKB,  Ernest.  Asst.  Town  Engr.,  P.  O.  Box  145,  Germiston,  Transvaal, 
South  Africa. 

Ha.ncock,  Robert  Rives.  Gen.  Supt.,  The  Philippine  Ry.,  Iloilo,  Panay, 
Philippine  Islands. 

lloGELAXD,  Albert  Harrison.     Cons.  Engr.,  G.  N.  Ry.,  St.  Paul,  jNIinn. 

Holt,  Artiilr  Grant.  Asst.  Chf.  Engr.,  Lines  East  of  Mobridge,  C,  :\L 
&  St.  P.  Ry.,  1.359  Railway  Excliange  Bldg.,  Chicago,  HI. 

IJLDsoN,  Harold  Walton.  Engr.  of  Foundations  and  Masonry.  N.  Y.  Con- 
necting R.  R.,  68  William  St.,  New  York  City. 

KwoNG,  King  Yang.  Engr.-in-Chf.,  Chinese  Govt.  Rys.,  Peking-Kalgan  Line. 
Kalgan,  North  China. 

LOCKWOOD,  WiLLARD  Datis.     23  Walnut  Ave.,  Rockville  Center,  N.  Y. 

McCarthy,  (George  Arnold.     Care,  Oro  Development  Co.,  Belden.  Cal. 

Martin,  Ja.mks  William.  Sui)t.  of  Irrig.,  U.  S.  Indian  Service,  28  Ocean 
PL,  Long  Beacli,  Cal. 

Miller,  Harvey  Cooper.  Care,  Vincini  Estates  Corporation,  Santo  Do- 
mingo, Santo  Domingo. 

Moore,  William  Edwin.     Cons.  Engr.,  102:5  Paulsen  Bldg.,  Spokane,  Wash. 

Palmer,  George  Brlce.  Const.  Engr.,  Michigan  Alkali  Co.,  Wyandotte, 
Mich. 

Pritciiett,  Charles  Marcellus.     Care,  C.  W.  Tillett,  Charlotte,  N.  C. 

Robinson,  John  Mason.     Spring  Hill,  Kans. 

Teichman,  Frank.  Designing  Engr.,  U.  S.  Reclamation  Service,  718  Mills 
Bldg.,  El  Paso,  Tex. 

To-mlinson,  Sam.     100c  Robinson  lid.,  Singapore,  Straits  Settlements. 
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MEMBERS    (Continued) 
Wagneu,  Harky  EuwAKi).     80  Eaton  PI.,  East  Orange.  N.  J. 
Williams,  Frank  Martin.     Ravenna,  Ohio. 

Wrentmore,  Clarence  George.  Dean,  Coll.  of  Kng.,  Univ.  of  the  Philip 
pines,  Manila,  Philippine  islands. 

ASSOCIATE   members 

Allen,  Jean  March.  Engr..  San  Francisco  Bridge  Co..  1005  Nevada  Bank 
Bldg.,  San  Francisco,  Cal. 

Atwood,  Edward  Franklin.  Constr.  Engr.,  John  T.  Scully  Foundation  Co., 
118  First  St.,  Cambridge   (Res.,  93  Crest  Ave.,  Beachmont),  Mass. 

Ayres,  John  Henry.  Asst.  Engr.,  Office  of  Sewer  and  Water- Works  Constr., 
City  Hall,  Manila,  Philippine  Islands. 

Barfoed,  Svend.     422  Sharon  Bldg.,  San  Francisco,  Cal. 

Barratt.  Sydney  Alfred.     P.  O.  Box  148,  Pinehurst,  Pleasantville,  N.  Y. 

Beers,  Harold  William.  Vice-Pres.,  Southern  Ferro  Concrete  Co.,  344 
Equitable  Bldg.,  Atlanta,  Ga. 

Benedict,  Farrand  Northrop.     20  Eppirt  St.,  East  Orange,  N.  J. 

BusHNELL,  Howard  Emory.  Secy,  and  Treas.,  McLaughlin-Bushnell  Co.,  30 
Church  St.,  New  York  City. 

Butterfield,  Herbert  Mitchell.  Public  Works  Dept..  Alor  Star,  Kedali. 
Malay  Peninsula. 

Caldwell,  Fred  Edward.     Box  247.  Salem,  N.  J. 

Caro,  Phillip.  Care,  The  University  Club.  Sydney,  New  South  Wales,  Aus- 
tralia. 

CiiARNLEY,  Walter.  The  Sao  Paulo  Tramway,  Light  &  Power  Co.,  Ltd., 
Sao  Paulo,  Brazil. 

Class,  Charles  Frank.  Clif.  Draftsman,  The  Schniewind  Coke  Oven  Co., 
()  Church  St.,  New  ^()l  k  City  (Res.,  10  Clinton  Rd.,  Glen  Ridge, 
N.  J.). 

Clawiter,  Edward  Ivan.  Engr.,  Trussed  Concrete  Steel  Co..  407  Union 
League  Bldg.,  Los  Angeles,  Cal. 

CoLYER,  Charles  Irving.  Care,  Westinghouse,  Church,  Kerr  &.  Co.,  913 
Metropolitan  Bldg.,  Vancouver,  B.  C,  Canada. 

Crosett,  James  Haven.    Cons.  Engr.,  202  Temple  Court,  San  Francisco.  Cal. 

Derr,  Homer  Munro.     State  Engr.,  State  Capitol,  Pierre.  S.  Dak. 

Edwards,  Llewellyn  Nathaniel.  Superv.  Engr.  of  Bridges,  Dept.  of 
Works,  Toronto,  Ont.,  Canada. 

Ellis,  Charles  Alton.  Care.  Dominion  Bridge  Co.,  P.  O.  Box  2890,  Win- 
nipeg, Man.,  Canada. 

Farwell,  Carroll  Andrew.  Care.  The  Medina  \al.  hrig.  Co.,  Box  1140, 
San  Antonio,  Tex. 

Fox,  Charles  Kirby.    R.  F.  D.  2-21.  Pomona,  Cal. 

Freeman,  William  Bradly.  hrig.  Engr.,  Dept.  of  Ways  of  Communica- 
tion, Bangkok,  Siam. 

Frew,  Archibald  John  Russell.  Hoskin  Bldg.,  Sydney,  New  South  Wales, 
Australia. 
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ASSOCIATE  MKMBERS    ((Continued) 
(li:i  i.ATi.Y.   .loiiN     TiioMi'soN    HissKTT.      ( 'i)iis.    I']ii;j;r..    XuUii    J)iit"l.    Kast    (iri- 

i|il:ll;ili(l.    I   iiidii   of   Sniilli    Africa. 
Main.   .Iami:s   ( '.      Ccii.    Mgr..    I.ns    .\iii;flfs   ('ciiK'nl-Giin   Co.,    :W\    K.\c-liange 

lUcljr.,  Los  Anjrelcs,  Cal. 
IIai;i:isi)\,   Risski.i.    Mdwix.     Siipi-rv.    Kugr.  of  Constr.,   Roberts   Filter  Mfg. 

(  n..    Darliv.    IMiiladcliiliia.    I'a. 
Hill..   \\ai.ti;i£    N  kkkk.son.      .\sst.    Kii<>;r..   U.  8.  Recliimation   Service.   >ral<a. 

.Mont. 
IUksiii.midt,  Wii.i.iAM  I'Ai  L.     Wiggiiis.  Colo. 
Jinvi.N.  Oui.A.MX)  Wii.i.iAM.     508  Helen  Ave.,  ])etroit,  Mich. 
Lkk,    CiiAiii.Ks    .\vi-;ky.      I\cs.    JMi^r..    Vancouver    Island    Tower    Co.,    Jordan 

Ivivci .    X'ancouver   l.shuul,   15.  C,  Canada. 
Lyons,  Hakolu  Chandos.     211  Central  Ave.,  Flushing,  N.  Y. 
Macredie,  John  Robert  Clarke.     Suffield,  Alberta,  Canada. 
McXakv,  Joseph  Vance.     Care,  State  Highway  Dept.,  Harrisburg,  Pa. 
Martinez   y    RKiiiiio.    Conraho    Eugenio.      KiS    San   Miguel    St.,    Havana. 

Cuba. 
Millard,  William  .John.     Hartley  Hall,  Columbia  Univ.,  New  York  City. 
MiRPHY.   JoH.N  JosEiMi.      Asst.   Eugr.,   Dept.   of   Public  Works,   Borough   of 

Manhattan.  13  Park  Row,  New  York  City    (Res.,  12  Amakassin,  Yon- 

kers,  N.  Y. ) . 
Nichols,   Henry    Francis.      Engr.   and   Machinery   Merchant,    122    Grenfell 

St.,  Adelaide.  South  Australia. 
Phelps,  Howard  Eastwood.    City  Engr.,  Boulder,  Colo. 
Pierce.  Thomas  Day.     1145  Market  St.,  Wheeling,  W.  Va. 
ScHREiiiER,    Hermann    ^'ICTOR.      Managing    Engr.,    Sellers    &    Rippey,    1.301 

Stephen  Cirard   Bldg.,  Philadelphia,  Pa. 
Sessions,  Edson  Oliver.     5022  Sheridan  Rd.,  Chicago,  111. 
Shipman,  Charley  Evans.     Billings,  Mont. 

Simpson,  Charles  Randolph.     Civ.  and  Ilydr.  Engr..  200  Second  St.,  Hunt- 
ingdon, Pa. 
Squire,  Harry  Edwin.     333  Hugo  St.,  San  Francisco,  Cal. 
Sy'KES,  John  \\  ali.ace  Jones.     Asst.  Engr..  The  Laclede  Gas  Light  Co..  1020 

Chemical  lildg..  St.  Louis.  Mo. 
Tallman,   Leroy.      Supt.,    Pittsburg   Contr.   Co.,    Care,    Booth    &    Flinn,    320 

Market  St.,  Newark,  N.  J. 
Tefft,  William  Wotcott.     Civ.  and  Hydr.  Engr..  708  Wildwood  St.,  Jack- 
son, Midi. 
Thayer,    Nathaniel    ArcasTiNE.      Structural    Steel    Draftsman.    Board    of 

Education.  139  West  75th  St.,  New  York  City. 
TiiEiJAN.   -loiiN    (Jerari).     Engr.   in   Chg..   Queensboro   Bridge.   305   East   (iOth 

St..  New  York  City. 
TiTswourii.   IJAi  I'll  Bentley.     355  West  Grand  Boulevard,  Detroit.  Mich. 
Ticker,  IIek.man  Franklin.    Cons.  Engr.,  1011  Alaska  Bldg..  Seattle.  Wash. 
Van    Scoyoc,    Harry    Stewart.      Insp.    Engi.,    Canada    Cement    Co..    Ltd., 

Montreal.  Que.,  Canada. 
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ASSOCIATE  MEMBERS    (Continued) 

Waouell,  Frederick  Creelman.  Vice-Pres.,  Grant  &  Ruhling  Co.,  373 
Fourth  Ave.,  New  York  City  (Res.,  158  Wardwell  Ave.,  West  New 
Brighton,  N.  Y.). 

Williams,  Walter  Scott.  Associate  Prof.,  Topographic  Eng.,  Univ.  of 
Missouri,  818  Virginia  Ave.,  Columbia,  Mo. 

Wilson,  William  Renfrew.  Dist.  Engr.,  Canton-Hankow  Ry.,  Hankow. 
China. 

Winn,  Walter  Scott.  Engr.  of  Surveys,  Alabama  Power  Co.,  1147  Brown- 
Marx  Bldg.,  Birmingham,  Ala. 

Yen,  Tk  Ching.     Managing-Director,  Canton-Hankow   Ry.,   Hankow,   China. 

associates 

Belzner,  Theodore.  Insp.-in-Chg.,  Reinforcing  of  End  Spans,  Williams- 
burgh  Bridge,  Dept.  of  Bridges,  City  of  New  York,  400  Kent  Ave., 
Brooklyn,  N.  Y.   (Res.,  606  West  135th  St.,  New  York  City). 

Johnson,  Arthur  Augustine.     280  Barclay  St.,  Flushing,  N.  Y. 

juniors 
JiKGGS,  George  Erle.     Chf.  Engr.,  The  Phosphate  Min.  Co.,  Nichols,  Fla. 
Bilyeu,   Charles   Smith.     New   York  Representative,   Colby  &   Christie   of 

Philadelphia,  170  West  78th  St.,  New  YorK  City. 
BusHELL,  Arthur  William.     Asst.   Engr.,  Manila  Ry.,   Manila,   Philippine 

Islands. 
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Eberly,  Virgil  Allen.     Care,  Office  of  Tests,  Sante  Fe  Ry.,  Topeka,  Kans. 
P"'arley,  Marcus  Martin.     Care,   Board  of  Water   Supply  of   City  of  New 
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Field,  Clesson  Herbert.     With  Lackawanna  Steel  Co.    (Res..  510  Elmwood 

Ave.),  Buffalo,  N.  Y. 
Goodrich,    Thomas    MacLenathen.      General    Delivery,    Winnipeg,    Man.. 

Canada. 
Henes,  Harry   William.     Mech.   Engr.   with   A.   Bolter's   Sons,    118    Nortli 

La  Salle  St.   (Res.,  448  Barry  Ave.),  Chicago,  111. 
Hubbard,   Daniel.     Div.    Engr.,    Antofagasta-Bolivia   Ry..    Casilla    428,    La 
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Moore,  James  Gates.     Care,  Trumbo  Dredging  Co.,  Miami,  Fla. 
Nelson,  Ernest  Benjamin.     Draftsman,  Barnett-McQueen  Co.,  Ltd.,  Cuth- 
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DEATHS 

CnKKVER.  Ai.iiKKT  Sakfoui).  Elected  Member.  June  7th,  189.S;  died  February 
17tii,   1913. 

Fink,  Ridoi.ph.  Elected  Mend)er,  September  21st.  1870;  died  February  1st, 
1913. 

Fkitz,  Joiix.  Elected  ^leml)er.  July  5th.  1803:  Honorary  Mendier,  Septem- 
ber 5th,  1899;  died.  February  12th,  1913. 

SoiLE,  Frank.     Elected  IMember.  March  1st.  1905;  died  Febiuary  14th,  1913. 

Stauffek.  David  McNeely.  Elected  Member.  September  2d,  1874;  died 
February  5th,  1913. 

White,  Sir  William  Henry.  Elected  Honorary  Member,  December  16th, 
1904:  died  February  27th,   1913. 


Total  Membership  of  the  Society,  March  6th,  1913, 
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Note. — This  list  is  puhlished  for  the  purpose  of  placing  before  the 
members  of  this  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  availahle  engineering  library,  or  can  be 
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In  tJie  suh'joined  list  of  articles,  references  are  given  by  the  nuniher 
prefixed  to  each  journal  in  this  list: 


(1)  Jonrnal,    Assoc.    Eng.    Soc,    Boston, 

Mass.,    30c. 

(2)  Proceedings,   Engrs.    Club  of  Phila., 

Philadelphia,    Pa. 

(3)  Journal,    Franklin     Inst.,     Philadel- 

phia. Pa.,  50c. 

(4)  Journal.    Western     Soc.    of    Engrs., 

Chicago,   111.,  50c. 

(5)  Transactions,      Can.      Soc.      C.      E., 

Montreal,    Que.,    Canada. 

(6)  School     of     Mines     Quarterly,     Co- 

lumbia    Univ,,     New    York     City, 
50c. 

(7)  Gesundheits     Ingenicur,      Miinchen, 

Germany. 

(8)  Stevens     Institute     Indicator,      Ho- 

boken,   N.   J.,   50c. 

(9)  Engineering    Magazine,    New    York 

City,    25c. 

(10)  Cassier's  Magazine,  New  York  City, 

25c. 

(11)  Engineering       (London).       W.       H. 

Wiley,    New   York   City,    25c. 

(12)  The      Engineer      (London),      Inter- 

national    News     Co.,     New     York 
City,   35c. 

(13)  Engineering   Neios,   New   York  City, 

15c. 

(14)  Enqinecrina      Record,      New      York 

City,    lOc. 

(15)  h'dilinai/     Af/c     Onzcltc.     New     York 

City,   15c. 

(16)  Engineering     and    Mining     Journal, 

New  Yoi-k  City,   15c. 

(17)  Electric      Railway      Journal,      New 

York   City,    10c. 

(18)  Railway    anil    Engineering    Review, 

Chicago,    III.,    15c. 

(19)  Scientific      American       Supplement, 

New  York  City,   10c. 

(20)  Iron   Age,    New   York   City,    20c. 

(21)  Railway     Engineer,     London,     Eng- 

land,   Is.    2d. 

(22)  Iron  and  Coal  Trades  Review,  Lon- 

don,   England,    6d. 

(24)  American    Gas   Light   Journal,    New 

York   City,    10c. 

(25)  American      Engineer,      New      York 

City,   20c. 

(26)  Electrical     Review,     London,     Eng- 

land.  4d. 

(27)  Electrical     World.    New    York    City, 

10c. 


(28)  Journal,       New       England       Water- 

Works  Assoc,   Boston,   Mass.,   $1. 

(29)  Journal.     Royal     Society     of     Arts, 

London,    England,    6d. 

(30)  Annates     des     Travaux    Publics     de 

Belgique,  Brussels,  Belgium,  -i  fr. 

(31)  Annates   de  TAssoc.   des   Ing.    Sortis 

des     Ecoles     Speciales     de     Gand, 
Brussels,   Belgium,  4  fr. 

(32)  Memoires     et     Compte     Rendu     des 

Travaux,      Soc.       Ing.       Civ.      de 
France,    Paris,    France. 
iii)    he  Genie  Civil,  Paris,   France,   1   fr. 

(34)  Portefeuille    Economiques    des    Ma- 

chines,   Paris,    France. 

(35)  Nouvelles   Annates   de    la   Construc- 

tion, Paris,  France. 

(36)  Cornell  Civil  Engineer.  Ithaca,  N.  Y. 

(37)  Revue  de  Mecariique,  Paris,  France. 

(38)  Revue     Generate     des     Chemins     de 

Fcr     ct     des     Tramways,     Paris, 
France. 

(39)  Techiiischcs    Gcnicindcblatt.    Berlin, 

Germany,    0,    70m. 

(40)  Zentralblatt      dcr      Bauverwaltunii . 

Berlin,  Germany,  60  pfg. 

(41)  Elcktrotechnische    Zeitschrift,    Ber- 

lin,  Germany. 

(42)  Proccedinqs.  Am.  Inst.  Elec.  Engrs., 

New  York  City,  $1. 

(43)  Annales     des     Fonts    et     Chaussces. 

Paris,  France. 

(44)  Journal.    Military    Service    Institu- 

tion, Governors  Island,  New  York 
Harbor,   50c. 

(45)  Mines  and  Minerals,  Scranton,  Pa., 

25c. 

(46)  Scientific  American,  New  York  City, 

15c. 

(47)  Mechanical     Engineer,     Manchester, 

England,   3d. 

(48)  Zeitschrift,     Verein     Deutscher     In- 

genieure,  Berlin,  Germany,  1,  60m. 

(49)  Zeitschrift     fiir    Bauwesen,     Berlin, 

Germany. 

(50)  Stahl    und    Eisen,    Diisseldorf,    Ger- 

many. 

(51)  Deutsche    Bauzeitung,    Berlin,    Ger- 

many. 

(52)  Rigasche     Industrie- Zeitung,     Riga, 

Russia,    25    kop. 

(53)  Zeitschrift.      Oesterreichischer      In- 

genieur   und    Architekten    Verein. 
Vienna,  Austria,  70h. 
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York   City.   $4. 
Transactions,   Am.   Soc.    M.    15 
York  City,  $10. 
1 561    Transactions,       Am.        Inst. 

Kngrs.,    New    York    City,    $»>. 

(57)  Colliery     (Juardian,     London,     Kng- 

land,    5d. 

(58)  I'rocccdinas,    Engrs.'    Soc.    W.    Pa., 

803      Fulton      BUlK..      I'ittsburKli, 

Pa.,    50c. 
I'rocccdim/s.         American 

Works  Assoc,  Troy,   N 
M  HiiiciiHil       En(iincerin[i, 

apolis,    Ind.,   25c. 
I'rof  ccdin(is.         Western 

Club,   225   Dearborn   St 

111.,    25f. 
Industrial      World,     59     Ninth 

Pittsburgh,   Pa.,    10c. 

(63)  Minutes  of  troccedings,  Inst.   C 

London,    England. 

(64)  Power,    New    York    City,    5c. 

(65)  Official      Proccedint/s,      New      York 

Railroad    Club,    Brooklyn,    N.    Y., 
loc. 

(66)  Journal    of    Gas    Lighting,    London, 
England,  (id. 

Cement      and      Enqinecring      News, 

Chicago,    111.,   25c. 
Minim/    Journal,    London,    England. 

6d. " 
(6y(    Dcr  Eisenbau.   Leipzig,   Germany. 

(70)  Entiineerina      Review,      New      York 

City,    10c. 

(71)  Journal,   Iron   and   Steel   Inst.,   Lon- 

don,   England. 
(7Ia)    Carnegie       Scholarship       Memoirs, 
Iron      and      Steel      Inst.,      London. 
England. 

(72)  American      Machinist,      New      York 
City,  15c. 

Elei  trieian,    London,    England,    18c. 
Transactions,     Inst,     of     Min.     and 
Metal..    London,    England. 

(75)  Proceedings,   Inst,   of   Mech.    Engrs., 

London,    England. 

(76)  Brick,  Chicago,  111.,   10c. 

(77)  Journal,     Inst.     Elec.     Engrs.,     Lon- 
don,   England,    5s. 

P.eion    und    Eisen,    Vienna,    Austria, 
1,  50m. 

Forschcrarheiten,  Vienna,   Austria. 

Tonindnstrie    Zeitung,    Berlin,    Ger- 
many. 
(81)    Zeitschrift  fiir  Architektur  und  In- 
genieurwesen,     Wiesbaden,      Ger- 
many. 


(67) 

ihH) 


(73) 
(74) 


(78) 


(79) 
(80) 


New     (82)    Minina      and      Enginecrinq      World, 
Chicago,    III.,   lOc. 

(83)  Gas  Age,  New   York  City,    15c. 

(84)  Lc  Cimcnt,   Paris,   France. 

(85)  Proceedings,  Am.  Ry.  Eng.  Assoc, 
Chicago",    111. 

(86)  Engineering-Contracting,  Chicago, 
111.,    10c. 

(87)  Railway  Engineering  and  Mainte- 
nance of    nag,   Chicago,    III.,    10c. 

(88)  Bulletin  of  the  International  Ry. 
Congress  Assoc,  Brussels,  Bel- 
gium. 

(89)  Proceedinas,  Am.  Soc.  for  Testing 
Materials,   Philadelphia,  Pa.,  $5. 

(90)  2'ransactions,  Inst.  of  Naval 
Archts.,   London,    England. 

(91)  Transactions,  Soc.  Naval  Archts. 
and  Marino  Engrs.,  New  York 
City. 

(92)  Bulletin,  Soc  d'Encouragement 
pour  I'lndustrie  Nationale,  Paris, 
France. 

(93)  Revue  de  Metallurgie,  Paris, 
France,    4    fr.    50. 

(94)  The  Boiler  Maker,  New  York  City, 
10c 

(95)  International  Marine  Engineering, 
New  York  City,   20c. 

(96)  Canadian.  Engineer,  Toronto,  Ont., 
Canada,    10c. 

(98)  Journal,  Engrs.  Soc.  Pa.,  Harris- 
burg,   Pa.,    30c. 

(99)  Proceedings,  Am.  Soc.  of  Municipal 
Improvements,  New  York  City, 
$2. 

(100)  Professional  Memoirs,  Corps  of 
Engrs.,  U.  S.  A.,  Washington, 
D.    C.    50c. 

(  101)  Metal  Worker,  New  York  City,  10c. 

(102)  Organ  fiir  die  Fortschritte  des 
Eisenlmhnwesens,  Wiesbaden,  Ger- 
many. 

(103)  Mining  and  Scientific  Press,  San 
Francisco,   Cal.,   10c. 

(104)r7ie  Surveyor  and  Municipal  and 
Counti/  Engineer,  London,  Eng- 
land,  '6d. 

(105)  Metallurgical  and  Chemical  En- 
ginecrinr/.  New  York  City,  25c. 

(106)  Transactions,  Inst,  of  Min.  Engrs., 
London,    England,    6s. 

( \07 )  Schioeiserische  Bauzeitung,  Zurich, 

Switzerland. 
(108)  Southern   Machincrii,    Atlanta,    Ga., 

10c. 


LIST  OF  ARTICLES 
Bridges. 

The    Widening    of    Blackfriars    Bridge.*       David    Anderson    and    Harry    Cunningham. 

(63)      Vol.   190.  ^   „, 

The  Repairs  on  the  Menai  Suspension   Bridge.*      Edward  George  Rivers  and  Edward 

Harold   Morris.      (63)      Vol.    190. 
An  Artistic  Stone  Arch.*     Henry  B.  Seaman.      (60)      Feb. 
Reinforced    Concrete    Highway    Bridges.*      George    H.    Herrold.       (Paper    read    before 

the  Civil  Engrs.  Soc.  of  St.  Paul.)       (1)      Feb. 
rolumbia  River  Bridge  at  Trail.*      (14)      Feb.  8. 

Testing  Rig  for  Full-Size  Concrete  Bridge  Slabs.*      (14)      Feb.   8.  „  i,    ,  ^ 

Progress  in  Connection  with  the  Construction  of  the  Quebec  Bridge.*      (96)      Feb.  13. 
A    Light    Reinforced-Concrete   Arch.    La    Mescia,    France.*      (13)      Feb.    13. 
New   Lift    Bridge  of   the   Oregon-Washington   R.    R.   &   Navigation   Co.    at   Portland.* 

(18)      Feb.   15. 


♦Illustrated. 
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Bridges  -  (Continued). 

lUisruli'   Highway    Bridge  with   Overhead   Balance   Beams.*      (14)      Feb.   15. 
liepladiig    High   Timber   Trestle   Without    Interrupting   Trafnc*      (14)      Feb.    15. 
.Mt-thdd  of  Constructing  a  Three-Span  Skew  Arch  Bridge  Using  Steel  Centers.*        (86) 

Fi'b.    19. 
Floors  lor  Movable  Bridges  :  A  Summary  of  Practice  and  Experience.     H.  G.  Tyrrell. 

(86)      F(b.    lit. 
Stresses  and   Moments   in  a  Rigid  Frame.      (86)      Feb.   19. 
Concrete  Bridges   and   Culverts.*      (96)      Feb.   20. 
Erection    Costs    for    a    Double-Track    Railway    Bridge.*       M.    A.    O.    Stilson.      (13) 

Feb.   20. 
Application   of   Electric   Motors   to   Bascule   Lift   Bridges,    N.    Y.,   N.   H.   &   H.   R.   K.* 

(  18)      Feb.  22  ;      (62)      Mar.  3. 
.Moving  a  Bridge  to  Permit  the  Passage  of  a  Dredge.      (14)      Feb.  22. 
Concrete  Highway   Bridge  at  Ansonia,   Connecticut.*      (14)      Feb.   22. 
Bridge  Trusses  with   Uniform  T-Shape   Members.*      (14)      Feb.   22. 
Piers  for   Drawbridge  over  Calumet  River.*      (14)      Feb.   22. 
Improved   Drawbridge  Gate   Latch.*       (14)      Feb.  22. 
The  Sewickley  Cantilever   Bridge.*      (1.?)      Feb.   27. 
The  Crooked  River  Arch  Bridge.*      (15)      Feb.  28. 
(Jilbert   Avenue  Viaduct   in   Cincinnati.*      (14)      Mar.    1. 
Consolidation  i)ar  Injection  de  Cimeut  du  Viaduc  des  Cent  Arches  Situe  sur  la  Ligne 

Paris-Bordeaux.*      Adam.      (38)      Feb. 
.Vote  sur   le  Calcul  des  Ponts   Suspendus  Rigides  h  Haubans  et  Poutre  de  Rigidite.* 

Henry   Lossicr  et  Maurice   Pernollet.      (3i)      Serial   beginning   Feb.    1. 
Knotenpunkte  von  Vierendeeltragern   und  Verwandte  Gebilde.*      M.   Mecklenbeck   und 

Ehrlich.      (69)      Serial   beginning  ,Ian. 
Die    Neue    Klappbriicke   der    Strauss    Bascule    Bridge   Co.*      Miillenhoff.      (69)      Jan. 
Die  Auswechselung  von  Bruckentragwerken  ohne  Verweudung  von  Geriisten.     Robert 

Schonhofcr.      (52)      Jan.  15;      (51)      Feb.  5. 
Briicke  Nassentelle  bei  Lauscha   (S.-Mein).*      M.  Riidiger      (78)      Jan.  20. 
Die  Strassenbriicke  iiber  die  Vilaine  bei  La  Roche  Bernard  im  Departement  Morbihan. 

(40)      Feb.   8. 
Strassenbriicke  iiber  das  Mohnetal  bei  Korbecke.*      D.   Lewe.      (78)      Feb.   13. 

Electrical. 

Some  Economical  Applications  of  the  Storage  Battery.*      J.  Lester  Woodbridge.      (4) 

Jan. 
The  Edison   Storage  Battery.*      Harold  H.   Smith.      (4)      Jan. 
Some  Mechanical  Points  in  Armature  Construction.*     R.   Livingstone.      (73)      Serial 

beginning   Jan.    24. 
The  Deflection  of  Armature  Shafts.*      H.   Edington.      (11)      Jan.   31. 
Direct-Current    Geared    Turbo-Generator    Set    at    Cleveland,    Ohio.*      (11)      Jan.    31. 
Municipal    Lighting   Plant   Cost.      (60)      Feb. 
A   Successful   Municipal    Lighting   Plant.*      (60)      Feb. 
Performance    Similarities    of    the    Direct-Current    Shunt    Motor    and    the    Polyphase 

Induction   Motor.*      William   G.    Merowitz.      (27)      Feb.    1. 
A   New  Method   of  Timing   Watt-IIour   Meters.*      Gordon   Thompson.      (27)      Feb.    1. 
Electric    Power    in    Kern    River    and    Midway    Oil    Fields.*       Warren    Aikens.      (82) 

Serial  beginning  Feb.   1. 
A  Novel  German  Air  Filter   (for   Electric  Generators).*      Otto  F.   Trautmann.      (13) 

Feb.   6. 
The  Power  Station  of  Lienfos,  Norway.*      (26)      Feb.  7. 
Long-Distance     Wireless     Telegraph     Stations     of     the     U.     S.     Government.         (73) 

Feb.   7. 
Small    Alternating-Current    Power    Measurements.      J.    T.    Irwin.      (73)      Feb.    7. 
A    Determination    of   the    International    Ampere    in    Absolute    Measure.      E.    B.    Rosa 

N    E    Dorsey  and  J.  M.  Miller.      (Abstract  of  paper  from  Bulletin,  U.  S.  Bureau 

of  Standards.)      (73)      Feb.   7 
Gas-Engine-Driven     Central     Station,     Titusville     Light     &     Power    Company.      (27 

Feb.   8. 
International  Scandinavian  Transmission  System.      (Comparative  costs  of  generating 

equipment    and    proposed     200-mile     line     from     Trollhattan     to     Copenhagen.) 

Carl    A.    Rossander    and    Georg    Centerwall.       (Abstract    of    Report    to    Swedish 

Government.)       (27)      Feb.   8. 
A   Rational    Method   of   Showing   Light    Distribution.*      Robert   French    Pierce.      (27) 

Details  of  Permit  for   Great  Falls   Transmission   Line.      (14)      Feb.    8. 

Waterbury  and  Bull's  Bridge  Plants.*     Warren  O.  Rogers.      (64)      Feb.  11. 

Tvpes  of  Motors  for  Steel   Mill  Auxiliaries.      B.  R.   Shover  and  E.  J.   Cheney.      (Ab- 

stract   of    paper    read   before   the   Am.    Assoc,    of    Iron    and    Steel   Elec.    Engrs. ) 

(47)      Feb.   14. 
An    Investigation   of   Explosion-Proof   Motors.*      H.    H.    Clark.      (Abstract   of   paper 

issued  by  the  U.   S.  Bureau  of  Mines.)      (73)      Feb.   14. 


♦Illustrated. 
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Electrical— ^  Continued. ) 

IiuiiKtaiue    and    Capac-ity    of    Linear    Conductors    and     the     Determination    of    the 

Capacity     of     Horizontal     Antenna?.       Louis     Cohen.       (73)       Serial     beginning 

Feb.   14.  * 

Klec'tric   E.xpress   Handling  at  the  North   Station,   Eo.-ton.*      (27)      Feb.    15. 
The  Central  Control  of  Apparatus  in  Klectric  Systems.*      (11)      Feb.  21. 
The    Cascade    Induction    Motor.*       M.     I.    Williams-Rllis.       (Abstract    of    paper    read 

before  the    South   African    Inst,   of    Kngrs. )       (73)      Feb.    21. 
Some    -Methods    of    MannifyinK   Feeble    Sisnallins   Currents.*      S.    G.    Itrown.       (Paper 

read   before   the  Physical    Soc. )       (73)       Feb.    21. 
Klectric   Lighting  of  Railway  Cai-s.      A.    L.    liroe.      (From   General   Electric  Review.) 

(73)       Feb.    21. 
The    Power    Plant    at    Trollhiittan.     Sweden.*       (73)       Serial    beginning    Feb.    21. 
Methods   of   Obtaining   Criatcr    Flexibility   of   Operation    in    Standard   Transformers.* 

George    \.    Thornton    and    Geoige    Goldman.       (27)       Feb.    22. 
Klectrical     Equipment    of    a     Modern     Huilding,     Aeolian     Hall,     New     York.*      (27) 

Feb.   22. 
Direct-Current   Turbo-Generators  with  Reduction  Gears  for  Railway  Service.*      (17) 

Feb.   22. 
Tests  at  Lahontan   Dam  of  Electric  Shovel.      (86)      Feb.   26. 
Air  as   an    Insulator  When    in   the   Presence  of   Insulating   Bodies   of   Higher   Specific 

Inductive  Capacity.*      C.   L.   Fortescue  and   S.   W.   Farnsworth.      (42)      Mar. 
The   Application    of    a    Theorem    of    Electrostatics   to    Insulation    Problems.      C.    For- 
tescue.     (42)      Mar. 
Thermocouples    and    Resistance    Coils    for    the    Determination    of    Local    Temperatures 

in    Electrical    Machines.      ,T.    A.    Capp    and    L.    T.    Robinson.       (42)      Mar. 
Generator  and  Prime  Mover  Capacities.*     David  B.  Rushmore  and  Erie  A.  Lof.      (42) 

Mar. 
The    Application    of    Synchronous    Motors    to    a    Water    Power    Transmission    System 

for  the  Betterment  of  Service  Standards.*      Lucius  B.  Andrus.      (42)      Mar. 
Electricity  in  the  Packing  Industry.*      W.   D.   Bearce.      (27)      Mar.   1. 
Economies   in   Motor  Maintenance.      J.   C.  Thirwall.      (Paper   read  before  the  Central 

Elec.  Ry.   Assoc.)       (17)      Mar.   1. 
A    Modern    Power    Network,    the    Waterburv-New    Britain    System.*      Charles    Rufus 

Harte.      (17)      Mar.    1;      (27)      Mar.    1. 
R6seau.\     de    Cables     Electriques     Souterrains     a     30  000     et     60  000     Volts.*      (33) 

Feb.    15. 
Die  Aniagen  der  Victoria  Falls  and  Transvaal  Power  Co.  in  Siidafrika.*     G.  Klingen- 

berg.      (48)      Serial   beginning  Jan.  4. 
I'eber  Zweck   uud  Anwendung  der  kiinstlichen   Isolierstoffe  bei  dem  Bau  elektrischer 

^pparate.*      H.   Passavant.      (41)      Jan.   2.3. 
Elektrische  und   Hydraulische   Aniagen    zur   Ausbeutung  der   Ziunminen    in    Tckkah.* 

Herm.   Thieme.      (41)       Serial   beginning  Jan.   23. 
I'eber    die    Betriebskapazitiit     von     Drehstrom-Doppelleitungen.*       C.    Fcldniann    iind 

A.   C.   Loos.       (41)      Jan.   23. 
Storungen    von    Fernsprechleitungen    durch    sterngeschaltete    Drehstromanlagen    ohne 

und   niit    Erdung  des   Generatornullpunktes.*      O.    Brauns.      (41)      Serial    begin- 
ning Jan.    30. 
Ueber  Verwendung  von  Eisen   in   elektrischen  Messinstrumeuten.*      M.   Dolivo-Dobro- 

wolsky.      (41)      Jan.   30. 
Ueberspannungen    und    Ueberspannungsschulz.       W.    Petersen.      (41)      Serial    begin- 
ning Feb.    13. 
Die  Anwendung   der   Elektrizitat   in   Brauereien.*      G.   Bachmann.      (41)      Serial   be- 
ginning Feb.    13. 
I'eber  die  Entstehung  und  Unterdriickung  selbsterregter  Stroma  in  Drehstrom-Reihen- 

schlussmaschinen.*      L.    Binder  und   E.   Dyhr.      (41)      Serial   beginning  Feb.    20. 
Nachteile  einphasiger    Verlegung   von    Wechselstromleitungen   in    Rohren.      L.    Blnch. 

(41)      Feb.   20. 
Einiges  iiber  Vorzeichen  Richtungsbestimmung  und  Wickluugsslnne.*      A.   Scherbius. 

(41)      Feb.   20. 

IVlaiine. 

Tvpical   Ships.*      (12)      Serial  beginning  Jan.   24. 

The  Brazilian  Battleship  Rio  de  Janeiro*      (11)      Jan.   24. 

The    Curtis    Turbines    of    the    Scouts    Marsala    and    Nino    Bixio.      Vittorio    Malfatti. 

(Translation    in    abstract    of    paper    read    before    the    Collegio    degli    Ingegneri 

Navali  e   Meccanici    in    Italia.)       (ID      Jan.   31. 
The  Diesel  Engine  as  Motive  Power  in  the  Merchant  Marine,  with  Special  Reference 

to  the   First   Successful   Motor   Ship,   Christian   X.      Ole   K.   Olsen.      (Paper   read 

before  the  Louisiana   Eng.   Soc.)       (1)      Feb. 
Great   Lakes   Steamers   for   Coastwise   Service.*      (95)      Feb. 
The  Possibilities  of  the  Marine  Oil   Engine.*     Theodore  Lucas.      (95)      Feb. 
The  American-Built  Steam  Yacht  Lydonia*      A.   S.  Reed.  Jr.      (95)      Feb. 
Marine   Turbine   Operation    and    Economy.      H.    C.    Dinger.      (95)      Serial    beginning 

Feb. 
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Marine     i  Continued  ) . 

The  Frimh  Destroyei-s  I''ourchc  and  Fatilv.*      (12)      F'eb.  7. 

The  I'ses  of  Gases  for  Fire  Extinction.*      (On  ships.)      E.   Kilburn  Scott.      (Abstract 

from   paper  read  before  the   Inst,  of  Marine  Engrs.)       (57)      Feb.   7. 
.■\    Transatlantic   Steamship   with    Reciprocating   Engines    and   Exhaust   Turbines,    the 

Kuvliaiiibeati.*      (13)      Feb.   13. 
The  I'nsinkability  of  Modern  Sea-Going  Ships.*      Flamm.      (11)      Feb.   14. 
The   Unsiukable  Ship    (Wotherspoon's   System).*      (12)      Feb.    14. 
Snipbuilding   Berth   Gantries   at   the   Nagasaki    Yard.*      (11)      Feb.    14. 
Two-Stroke   Cycle   Continuous-Combustion    Oil    Engines   for   Ships.*      (47)      Feb.    21. 
The   Heavy-Oil    Engine    in    Marine   Service.*      R.    Clifford   H.    Reid.      (19)      Feb.    22. 
Our   Latest    Uattleship   Fcnusi/lvanid.*       (46)       Feb.    22. 

Regulating  Smoke  on  River   Steamboats   within   City  Limits.*      (14)      Mar.   1. 
XII"    Congres    International    dc    Navif^ation    tenu    a    Philadelphle    en    1912,    Comptc 

Rendu.      H.    Engelbach.      (.?2)       Dec. 
Moteur  jl  Iluile  Lourde   "Kromhoul"   a  Chambre  de  Combustion   Incandescente.*      O. 

H.    Wildt.      (33 1      Feb.    1. 
Der    neue    Liingshelling    auf    der    Kiiniglichen    Werft    In    Emden.*       Paulmann    und 

Blaum.      (49)      Pt.   1. 
Der   Unfall    und   die   Wiederherstellung  von    Dock  V   auf   der   Kaiserlichen   Werft    in 

Kiel.*      Behrendt  und  O.   Franzlus.      (49)      Pt.   10,   1912. 
Pas   Dieselschiff  Rolandscclc*      W.   Kaemmerer.      (48)      Jan.   4. 
Schiffshebewerk  mit  Seitenschwimniern  und   stellbaren  Riegeln.*      Fr.   Jcbens.      (51  i 

Feb.   19. 

Mechanical. 

Some   Aspects   of   Wire-Drawing.      Percy    Longmuir.      (71)      Vol.    186. 

Rolling-Mill    Practice   in   the   ITnited   States.*      J.   Puppe.      (71)      Vol.   186. 

A    New    Type    and    Method    of    Construction    of    Large    Gas-Engines.*       Alan    E.    L. 

Chorlton.      (71)      Vol.    186. 
Aerial   Flight.*      Henry   Reginald   Arnulph    Mallock.      (63)      Vol.    190. 
Theory  of   Steam   Accumulators  and  Regenerative  Processes.*      F.   G.   Gasche.      (58) 

Dec. 
Methods  and  Means  of  Smoke  Abatement.     O.   R.  McBride.      (2)      Jan. 
Mechanical  Haulage.     John  Robinson.      (Paper  read  before  the  Inst,  of  Mun.  Engrs.) 

(104)      Jan.   24. 
Air  Friction.*      A.   P.   Thurston.      (11)      Jan.  24. 

Briquetting  Plant   for   Metal  Turnings   and   Borings.*      (11)      Jan.    24. 
The  Determination  of  Water  in   Coal.     G.   N.   Huntly  and  J.  H.  Coste.      (Abstract  of 

paper  read  before  the  Soc.   of  Chemical  Industry.)       (57)      Jan.   24. 
Two   Large   German    Installations   of   Koppers    Coke    Ovens.*      E.    M.   Hann.       (Paper- 
read  before  the  South  Wales  Inst,  of  Engrs.)       (57)      Jan.  24. 
Surface    Combustion.        William    Arthur    Bone.       (Paper    read    before    the    (jcrnian 

Chemical   Sec.)       (66)      Jan.   28. 
The    Humphrey    Pump.*      H.    de    P.    Birkctt.       (Paper    read    before   the    London    and 

Southern    District   Junior   Gas    Assoc.)       (66)      Jan.    28. 
Development    of    the    Hydroplane.*       Alessandro    Guidoni.       (Translation    in    abstra' t 

of  paper  read  before  the  CoUegio  degli  lugegneri  Navall  e  Meccanici.   in   Italia.) 

(11)      Jan.   31. 
The   Oddie   "Simplex"    Feed-Pumps   and   Air-Pumps.*      (11)      Jan.    31. 
The  Williams- Janney  Variable-Speed  Gear.*      (11)      Jan.   31. 
Stability    Devices    for    Aeroplanes.*      Mcrvvn    O'Gorman.       (Abstract    of    paper    read 

before  the  Aeronautical  Soc.  of  Great  Britain.)       (11)      Jan.  31. 
The    Design    and    Construction    of    Shop    Cranes.      Frank    W.    Sufficld.      (Abstract    of 

paper    read    before   the    Birmingham    Assoc,    of    Mech.    Engrs.)       (47)      Jan.    HI. 
The   Constit'.iticn   of   Portland    Cement.       (Paner   read   before   the   National    Assoc,    of 

Cement   Users.)      P.   H.    Bates.       (67)      Feb. 
Cutting  Tests   with    Carbon    and    Alloy   Steels.      (108)      Feb. 
A  Gravity  Yard   for  a  Ballast   Crus-.hing  Plant.*      (67)      Feb. 
Cleaning  Cokr-Oven   Gas.*      Sydney   F.    Walker.      (45)      Feb. 
Kansas   and   Oklahoma    Gas   Fields.*      Lucius   L.   Wittich.      (45)      Feb. 
Pulverized  Coal  as  a  Fuel.     A.  W.  Raymond.      (105)      Feb. 
Recent  Developments  in  Steam  Turbines.*     H.  T.  Herr.      (3)      Feb. 
Electric  Welding   Applied   to   Boiler  Work.*      (94)      Feb. 

Jaeobs-Shupert   versus   Radial    Stay   Boilers.      (94)    Feb.;    (25)    Feb.;    (15)    Feb.    7. 
Chemical     Interpolation    of    Anthracite.    M.    S.    Hachita.       (Paper    read    before    the 

Lackawanna   Chemical   Soc.)       (45)      Feb. 
Making   and    Burning   Tile.      Anton   Vogt.      (Paper   read    before  the   Iowa    Brick   and 

Tile   Assoc.)       (76)      Feb.    1. 
Producer   Gas-Filled   Continuous   Kiln.      Geo.   M.   Ravmond.      (Paper   read   before    the 

Canadian  Clay  Manufacturers'  Assoc.)       (76)      Feb.  1. 
The    Year's    Labor    for    Smoke    Prevention    in    Pittsburgh,    Chicago.    Cleveland    and 

Other  Cities.      (62)      Feb.   3;      (14)      Feb.   S. 
Plant   of  Packard   Motor   Car  Co.*      A.   R.    Maujer.      (64)      Feb.   4. 

•Illustrated. 


I 


I 


■^'•""'■''•""■'•1  ciKKKM'  H\(iiM;j;i;iX(i  i.itkkatuke  257 

Mechanical-  (Continued). 

Test    of  (i;,s    r'roduccr   riiiiil.      L.    L.    Brewster.       (64)      Feb.    4. 

Ccncral    Observations    Ipon    the   Constriution    of   Gas-Works    and    Their    Eniiipmeiit. 

W.   H.   Herring.      (66)      Feb.   4. 
.Mithod    and    Cost   of   Unloading   Coal    witli    a   Weeks    Shovel.      W.    C.    Weeks.      (86) 

Feb.   5. 
CuttinK    Faetory   Costs    with    Conveyor    Svsleni.*       (20)      Feb.    6. 
.Making  Small   Parts  gn   Serew  Maehincs.*       (20)      Feb.   6. 
Design   Analysis  of  Small   Engine  Lathes.      E.   H.  Fish.      (72)      Feb.  6. 
Large  Turbo  Units.*     J.  P.  Chittenden.      (Abstract  of  paper  read  before  the  Rugby 

Eng.    Soc.)       (22)      Feb.    7. 
Compressor  for  Charging  Compressed-Air  Mining  Locomotives.*      (11)      Feb.  7. 
The    Gyroscopic    Action    of    Rotary    Motors    in    Aeroplanes.      Herbert    Chatley.      (11) 

Feb.   7. 
Cost-Estimating    and    Rate-Fixing    in    the    General    Shop.      (11)      Serial    beginning 

Feb.    7. 
Supplying   and   Vaporizing  Fuel   for   Oil   Engines.*      (47)      Feb.    7. 
High-Speed    Bearings.*      John    C.    K.    Balfry.       (Paper    read    before   the   Rugby    Eng. 

Soc.)       (47)      Feb.    7. 
Illumination    of    Engineering    Workshops    by    Gas.    Electricity,    and    Oil.*      Franklin 

Thorp.      (Abstract  of  paper  read  before  the  Manchester  Assoc,  of  Engrs.)       (47) 

Serial   beginning  Feb.   7  ;       (66)      Feb.   4. 
The   Determination   of   Water  in   Coal.      R.    Lessing.       (Paper   read   before   the   Inter. 

Congress  of   Applied  Chemistry.)       (57)      Serial  beginning  Feb.   7. 
The  Autostable,  A  Flying  Machine  Possessing  a  High  Degree  of  Automatic  Stability.* 

W.   I.   Chambers.      (19)      Feb.  8. 
New    Coal    Handling    Plant    at    Fort    William,    Ont.,    Canadian    Pacific    Rv.*       (18) 

Feb.  8. 
Manufacturing  the  Circular  Cut  File.*      Chester  L.   Lucas.      (19)      Feb.   8. 
Weighing    Ammonia    to    Determine    Refrigerating    Capacity.*       Fred    Ophiils.      (64) 

Feb.  n. 
Coke     Quenching     for     Chamber    Ovens.*       Wilhelm     Reubold.        (Translation     from 

.Journal  fiir  Gashclcuchiung.)       (66)      Feb.  11. 
Gas    for    Heat,    Power,    and    Light.      T.    Carmichael.       (Paper    read    before    the    Scot- 
tish   Junior   Gas   Assoc.)       (66)      Feb.    11. 
Every- Day   Experiences    in   Gas    Distribution.      John    Ferguson.      (Paper    read   before 

the  Scottish  .Junior  Gas  Assoc.)       (66)      Feb.   11. 
The  Balance  Draft  System  of  Furnace  Regulation.*      (64)      Feb.  11. 
Classification  of  Oil   Engines.*      Oscar  P.   Ostergren.      (64)      Feb.    11. 
A    Study    of    Motor    Truck    Operation    and    Economy    in    City    Sale    and    Delivery    of 

Sand   and  Crushed   Stone.     R.  W.   Hutchinson.   Jr.      (86)      Feb.   12. 
A   Jack   Screw  for  Pulling   Stuck  Drills   and   Sounding  Rods.*      Charles   C.   Mitchell. 

(86)    Feb.    12. 
Boiler    Explosions    as    Affected    by    Unsymmetrical    Riveted    Joints.*      S.    H.    Barra- 

clough  and  others.      (Abstract  of  Proceedings,  Eng.  Assoc,  of  New  South  Wales.) 

(13)      Feb.   13. 
The  Laws  of  Similitude   (Relates  to  Aeronautics).*     L.   Bairstow.      (11)      Feb.  14. 
New  Sources  of  Supply  for  the  Manufacture  of  Paper.*      Clayton   Beadle  and  Henry 

P.   Stevens.      (29)      Feb.   14. 
Power  from  Kerosene.*   L.  W.  Ellis  and  W.  R.  Dray.    (19)   Feb.   1.5. 
Isolated   Plant  of  Gasoline  Engine  Factory.*      Harry  C.  Spillman.    (27)   Feb.   15. 
Oil-Piping  Layout   for  Transformers  Using  Thin  Oil.*      Fred   Bush.      (27)      Feb.   15. 
The  General  (Jas-Flow  Formulae  Computer.*     L.  Meissner.      (83)      Feb.  15. 
Effect  of  Diluents  on  the  Candle-Power  of  Oil-Gas.     Arthur  H.  Elliott.      (Paper  read 

before    the    Am.    Gas.    Inst.)     (83)    Feb.    15. 
The   Field   for   Small   Steam   Turbines.    W.   J.   A.   Loudon    and    Ashley   P.   Peck.    (Ab- 
stract of  paper  read  before  the  Assoc,   of  Ry.   Elec.  Engrs.)       (64)    Feb.    18. 
The    Carbonization    of    Gas    Coal    in    Large    Quantities.     (Translation    from    Gazzetta 

Chimica   Italiana.)     (66)    Feb.    18. 
Amount  of  Heat  Obtainable  from   Coal   Residuals.*      Henry  O'Connor.    (66)    Feb.   18. 
American    Investigation    on    Calorimetry.*     (Report    of    Committee    of   the    Am.    Gas. 

Inst.)    (66)    Feb.    IS. 
Gas    Manufacture.    Gas-Works    Construction,    and    Management.    J.    G.    Newbigging. 

(Paper  read  before  the  Manchester  l^niv.)       (66)      Feb.   18. 
Costs   of   Producing   Power    Based   on    Iowa   Coals,    with   a   Comparison    of   Estimated 

Costs  and  Costs  from   Actual  Tests.*      (86)      Feb.   19. 
Tests  of  Efficiency  of  Motor  Trucks  with  Trailers.*    (86)    Feb.   19. 
Plant   Installed  at  the  London  Paper  Mills   at  Dartford.  England,*    (96)    Feb.   20. 
The  Fawcus   Herringbone  Gear   Planer.*    (72)    Feb.    20. 
Test   of   a  Hish  Vacuum   Condenser.*    (20)    Feb.   20. 
The   Dual    Wheel    System    for   Motor   Trucks.*    (20)    Feb.   20. 

Some  Features  of  the  191.^  Motor  Truck  Show  in  New  York  City.*      (13)      Feb.  20. 
The    '-Moore"    Patent    Water-Jacketed    Producer    with    Ry-Product    Recovery.*     (22) 

Feb.  21. 
Electric  Resistance  "Welding.     P.  Bucher.      (73)      Feb.  21. 
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Mechanical— I  Continued). 

The   Aero   Kxliibition    at   Olympia.*      (11)    Feb.    21;    (12)    Feb.   21. 

Precipitation  of  Smolte  and  Suspended  Dust  by  Electrostatic  Methods.*  H.  N.  Holmes. 

(27)      Feb.    22. 
Manufacture    of    Sublimed    White    Lead.*       John    A.    Schaeffer.     (Abstract    of    paper 

read  before  the  Inter.  Congress  of  Applied  Chemistry.)       (16)      Feb.  22. 
Coaling  Plants  at  Panama  Canal.     (From  the  Canal  licrord.)       (62)      Feb.  24. 
The  Use  of  Turbo-Blower  Sets  in  Water  Gas  Plants.*      (24)      Feb.   24. 
Some    Notes    on    Charging    and    Discharging    Machines    for    Retorts.      W.    L.    Heald. 

(Paper  read  before  the  Manchester  and  District  Junior  Gas  Assoc.)       (24)      Feb. 

24  :      (66)      Feb.  4. 
Large  High   Vacuum  Condenser  Test.*      J.   J.    Brown.      (64)      Feb.   25. 
Considerations  When   Applying  Motor  Drives.*      A.   G.   Popclte.      (72)      Feb.   27. 
Special  Machine  for  Winding  Coils.*      (72)      Feb.  27. 
Cost  of  Ice  Mal<ing  in  Small  Plants.     R.   P.  Kehoe.      (From  Pure  Products.)      (19) 

Mar.   1. 
Arcadia  Coal   Company's   Steam   Turbine  Plant.*      (27)      Mar.    1. 
Combination   Steam-Electric  Ice-Making  Plant  in  Chicago.*      (27)      Mar.   1. 
Report    of    Committee    on    Consumers'    Meters    of    American    Gas    Inst.      Charles    C. 

Schiller.      (24)      Mar.   3. 
Oil  as  a  Fuel.*      Reginald  Trautschold.      (64)      Mar.   4. 
Turbines  and  Diesel  Engines  in  Central  Stations.*     M.  Gercke.      (Paper  read  before 

the    Assoc,    of    Elec.    Central-Station    Managers    and    Engrs.,    Kiel,    Germany.) 

(64)      Mar.    4. 
Smoke  Prevention.      A.   C.   Wilson.      (64)      Mar.   4. 
Power    Transmission    by    Compressed    Air.      George    Barr.      (Paper    read    before    the 

Manchester  Assoc,  of   Engrs.)       (64)      Mar.   4. 
Production  Simultanee  d'Energie  Electrique  et  de  Chaleur,  leur  Distination  pour  des 

But?   Industriels   ou   Urbains.*      A.    Beaurrienne.      (32)      Nov. 
Les  Gaz   de  Fours  &  Coke,   leur  Utilisation,    leurs   Applications.*     A.    Gouvy.      (32) 

Dec. 
II""    Congrds    National    du    Froid    k   Toulouse,    en    Septembre   1912 ;    Compte    Rendu. 

E.    Barbet.      (32)      Dec. 
La    Resistance   de   I'Air    et   les   Experiences    sur    les    Modules    Reduits.*      E.    Jouguet. 

(37)      Jan.   31. 
Pelles  a  Vapeur.*      (34)      Feb. 

Presses   a    Forger,    Syst^me    Haniel    et   Lueg.*      (34)      Feb. 
Four  a  Tunnel,  Systlme  Dressier,  pour  la  Cuisson  des  Produits  Ceramiques.*      (35) 

Feb. 
Pompe    a    Incendie    Automobile    Multicylindrique    Systeme    Drouville.*      D.    Duaner. 

(33)      Feb.   1. 
Les     Precedes     Modernes     d'Agglomeration     des     Minerals    de    Fer.      Henry     Martin. 

(33)      Serial   beginning  Feb.    15. 
Trockenbagger  mit  Seitenfordercr.*     Ostmann.      (49)      Pt.  10,  1912. 
Neuere   Bestrebungen    im    Dampfkesselbau.*      Friedrich    Miinzinger.      (48)      Dec.    21. 
Zur  Theorie  der   Riementriebe.*      W.    Maier.      (48)      Dec.   21. 
Verbrauchsversuch    an     eincm    Luftdruckhammer    mit    nur    einem    Zylinder.*      Otto 

Fuchs.      (48)      Dec.   28. 
Die      Subventions-Motorlastwagen      der      osterreichischen      Heeresverwaltung.*        A. 

Heller.      (48)      Dec.   28. 
Die    Anlagen    der    Victoria    Falls    and    Transvaal    Power    Co.    in    Siidafrika.*     G. 

Klingenberg.    (48)      Serial    beginning    Jan.    4. 
Ueber    das    Absaugen    der    Rohgase    bei    dem    Koksofenbetrieb.*     E.    Jenkner.      (SO) 

Jan.  23. 
Das   Bessemerwerk  der  Konigshiitte    (ein   Gedenkblatt  zum   lOO-jahrigen   Geburtstage 

Henry   Bessemers).*      Hermann   Jllies.      (50)      Feb.   6. 
Ueber    die    Zersetzungstemperatur    von    Koksofengas.*       Oskar    Simmersbach.      (50) 

Feb.    G. 
Der    elektrische     Antrieb    von     Blechscheren,     Richt-     und     Biegemaschinen.*      (50) 

Feb.   13. 

Metallurgical. 

Method  of  Producing  Sound   Ingots.*      Robert  Hadfleld    (71)      Vol.  186. 

A    New   Method    for   the   Improvement   of   the   Soundness   of  Steel    Ingots   by   the   Aid 

of  Thermit.*      Hans  Goldschmidt.      (71)      Vol.    186. 
On   Allotropy    in   General   and   That  of   Iron   in   Particular.*     Carl   Benedicks.      (71) 

Vol.   186. 
The    Magnetic    Properties    of    Manganese    and    Nickel    Steels.*       S.    Hilpert    and    W. 

Mathesius.      (71)      Vol.    186. 
Does  Commercial   Hyper-Eutectic  White  Iron  Free  From  Manganese  Exist?     Henry 

.  M.    Howe.      (71)      Vol.    186. 
The   Thermal-Magnetic   Transformations   of   25   per  cent.    Nickel    Steel.*      E.    Colver- 

Glanert  and  S.   Hilpert.      (71)      Vol.   186. 
Iron   and   Nitrogen.*      J.    H.   Andrew.      (71)      Vol.    186. 

♦Illustrated. 
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MetalluTKical   -(.Continued). 

The  Gases  Evolved  on   Heating  Steel  to  Its  Melting  Point  in  a  Vacuum.*      G.   Wes- 
ley  Au.stin.      (71)      Voi.    IStl. 
.Miuiufaeture  of  Open-Hearth  Steel  With  Reference  to  Improvement  in  Yield.      F.  W. 

Paul.      (71)      Vol.    ISG. 
Steelworks  Yields.     Percy  Longmuir  and  W.  H.  Robinson.      (71)      Vol.  186. 
The  Murex  Process  in  Germany.*    Otto  Falkenberg.     (From  Teknisk  Ukeblad.)     (68) 

Jan.   25. 
Sudbury   Nickel-Copper   Industry.*   Reginald   E.   Hore.    (45)    Feb. 
.Vutomatie    Sand    Sluicer.*      (For    Cyanide   Mills.)       (45)      Feb. 
The   Woodbury   Slime  Classifier.*      Edward   T.    Wright.    (45)    Feb. 
Recent    Advances    in   the    Spray    Process    for    the    Production    of    Metallic    Coatings.* 

M.    V.    Schoop.    (105)    Feb. 
Resistivity    of    a    Few    Metals    Through    a   Wide    Range    of    Temperature.      Edwin    F. 

Northrup  and  V.  A.  Suydam.      (3)      Feb. 
The    First    Combination    Induction    Furnace    in    Operation    in    the    United    States.* 

C.  H.  von  Baur.      (105)      Feb. 
An  Analysis  of  Steel   Ingot   Manufacture,  The   Influence   of  Common   Defects   on  the 

Quality    of    Rails    and    Structural    Material    and    Means    for    Correcting    Them.* 

Bradley  Stoughton.      (15)      Feb.  7. 
.\mericau  Ingot  Iron  vs.  Steel.     G.  F.  Ahlbrandt.      (Abstract  from  paper  read  before 

the  Cleveland  Eng.  Soc.)       (62)      Feb.   10. 
A    Modern    Design    of   Blastfurnace.*    (47)    Feb.    14. 
Elevating  Pulp.*     M.  W.  von  Berncwitz.      (103)      Feb.  15. 
Gold   Placers   in   Central   China.*    (103)    Feb.   15. 
The   Scoria   Process   of   Utilizing   Flue   Dust,   A   German    Method   of   Briquetting   Fine 

Ore  and  Flue  Dust  with  a  Slag  Binder  and  of  Manufacturing  Slag  Bricks.*      (20) 

Feb.   20. 
The    Krupp    Steel    Works    Laboratories.*    Alfred    Gradenwitz.     (20)     Feb.    20. 
The   Reactions  of  the   Puddling  Process.      Thomas   Turner.      (Paper   read   before   the 

West  of  Scotland  Iron  and  Steel  Inst.)      (47)      Feb.  21:    (11)    Feb.    14. 
Developments    in    the    Preparation    of    Iron    Ores.    J.    W.    H.    Hamilton.    (Paper    read 

before  the  Am.   Iron  and  Steel  Inst.)       (47)      Serial  beginning  Feb.  21. 
The   Blair   Indestructible   Port  and   Bulkhead   for  Open-Hearth   Furnaces.*    (22)    Feb. 

21. 
Silver  Cyanidation  at  Tonopah.*      Herbert  A.  Megraw.      (16)      Serial  beginning  Feb. 

22. 
RegrhTding  at   the   Pittsburg  Silver  Peak   Mill.*    S.   J.   Kidder.    (103)    Feb.    22. 
A  Volatilisation  Process  for  Gold  Extraction.      Ben  Howe.      (From  Journal,  Western 

Australian  Chamber  of  Mines.)    (68)   Feb.  22. 
Steel    Castings  Without  the   Use   of   Manganese.*      Edwin   F.   Cone.    (20)    Feb.    27. 
Les   Hauts-Fourneaux  de  Caen.*      Robert  le  Chatelier.      (93)      Feb. 
Disposition  Generale  de   I'Usine   de  Caen.*      de   Loisy.      (93)      Feb. 
Les  Hauts-Fourneaux  a  Parois  Minces.      i3^)      Feb.   8. 
Ueber   Mittel    zur   Verhiitung   von    Roheisendurchbriichen   bei    Hochofen.*      R.    Kunz. 

(50)    Jan.    23. 
Experimentelle    Untersuchuug    des    Kupolofen-Schmelzprozesses.*      Friedrich    Hiiser. 

(50)    Jan.  30. 
Grosse  elektrische  Oefen,  Bauart  Helfenstein.*   Max  Oesterrelch.    (50)    Feb.   20. 
Fortschritte    des    Siemens-Martins-Ofens,    Bauart    Bernhardt.*    Fr.    Bernhardt.     (SO) 

Feb.    20. 

Mining. 

Gob-Fires  and  the  Prevention  of  Gob-Fires  in  Mines.  John  Harger.  (Paper  read 
before   the   Manchester   Geological    and   Min.    Soc.)       (106)      Vol.    44.    Pt.    2. 

The  South-Eastern  Coal-Field.  the  Associated  Rocks,  and  the  Buried  Plateau.  W. 
Boyd  Dawkins.      (106)      Vol.  44,  Pt.  2. 

.Votes  on  Haulage-Clips  in  Use  in  North  Staffordshire.  W.  G.  Salt  and  A.  L. 
Lovatt.  (Paper  read  before  the  North  Staffordshire  Inst,  of  Min.  and  Mech. 
Engrs.)       (106)      Vol.   44,  Pt.   2. 

Notes  on  Gob-Fires  Near  Ashby-De-La-Zouch,  Leicestershire.  Thomas  Stubbs. 
(Paper  read  before  the  Midland  Inst,  of  Min.,  Civ.,  and  Mech.  Engrs.)  (106) 
Vol.  44,  Pt.  2.  ...,., 

Mine-Rescue  Appliances:  A  Danger  Occurring  in  the  Use  of  Apparatus  in  Which 
an  Injector  is  Employed.  John  Cadman.  (Paper  read  before  the  South  Stafford- 
shire and  Warwickshire  Inst,  of  Min.   Engrs.)       (106)      Vol.  44,   Pt.   2. 

The  Iron  Ore  Resources  of  Chili  with  a  Note  on  the  Corral  Iron  and  Steel  Works.* 
Charles   Vattier.    (71)    Vol.    186. 

Water  Haigh  Colliery,  Woodlesford.*      (22)      Jan.  24. 

Chemical  Interpolation  of  Anthracite.  M.  S.  Hachita.  (Paper  read  before  the 
Lackawanna    Chemical    Soc.)     (45)     Feb. 

Timber-Framing  Mills  for  Square-Set  Mines.*  Claude  T.  Rice.  (82)  Serial  begin- 
ning  Feb.    1. 


►Illustrated. 
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Mining— (Continued). 

Kloctrii  ally    I'^iuippcd  Coal   Mines   in   Nova   Scotia.*    C.    II.    Wrifiht.    (27)    Feb.    1. 
Tlie    Tliury    Sy.-^ttiu    of    Electrical    Transmission    of    Power    for    Mines.*    Sydney    F. 

Walivir.    {,22)    Feb.   7. 
FIxtensive  Operations  on  the  Gogebic  Iron  Range.*  George  E.  Edwards.    (82)    Feb.   8. 
Electric    Hoists    for   Mine   Service.*      H.    A.    Russell.      (Paper   read   before   the   Cali- 
fornia   Miners    Assoc.)       (103)       Feb.    8. 
The   Taranaki    Petroleum    Field.      E..  de   Courcy   Clarke.      (Abstract   from   Report   of 

New  Zealand  Geological  Soc.)       (68)      Serial  beginning  Feb.  8. 
Sinking  a  Circular  Shaft.*      E.  Mackay  Heriot.      (16)      Serial  beginning  Feb.  8. 
Development  of  tlic  Michipicoten  Range.  Ontario.*  George  E.  Edwards.    (82)   Feb.  15. 
Ventilation    Standard   and    Test   at   Metal    Mines.      Frank   Reed.       (Abstract  of   paper 

read   before  the  .Australasian   Inst,  of  Min.   Engrs.)       (82)      Feb.   15. 
Adoption    of    Standard    Screens    for    Screen    Analysis.       Robert    H.    Richards.       (82) 

Feb.    15. 
Explosion-Proof  Electric  Equipment  for  Mining  Service.*      (13)      Feb.   20. 
Notes   on   Headgears   for   Collieries  and   Other  Mines.*    F.   Tissington.    (96)    Feb.    20. 
The  Development  of  Mechanical  Power  in  the  Mines  of  the  North  Eastern  Coalfield: 

A   Comparison   and   a   Contrast.      Robert   Nelson.    (Paper   read   before   the  Assoc. 

of   Min.    Elec.    Engrs.)     (22)    Feb.    21. 
A   New  Gasoline  Rock   Drill.*    (18)    Feb.   22;    (57)    Feb.   21. 
The    Mother    Lode    Region.    California.*    Lewis    H.    Eddy.    (16)    Feb.    22. 
A  Duplex  Rock  Channeler  with  Turntable.      (13)      Feb.   27. 
Electric  Power  on  the  Michigan  Copper  Range.*     George  E.  Edwards.      (82)      Mar.  1. 

iVlisceilaneous. 

Chemical    Production    of   Light.    Wilder    D.    Bancroft.    (3)    Feb. 

The  Economic  and  Hygienic  Value  of  Good  Illumination.*  Leon  Gaster.    (29)   Feb.  7. 

The  Measurement  of  Light  and  Illumination.  J.  S.  Dow.  (Paper  read  at  the  Poly- 
technic,  London.)      (24)      Serial  beginning   Feb.    17. 

Cost-Estimating  and  Rate-Fixing  in  the  General  Shop.    (11)    Serial  beginning  Feb.  7. 

.Atmospheric  Humidity.*  John  Thompson.  (Paper  read  before  the  National  Assoc,  of 
Colliery  Managers.)      (22)      Feb.   14. 

Photographing  Sound.*      Arthur  L.  Foley  and  Wilmer  H.   Souder.      (19)      Feb.   15. 

The  Progress  of  Engineering  in  the  East.*      (12)      Serial  beginning  Feb.  21. 

A  Ne\v  Entropy  Analog.*  V.  Karapetoff.  (From  General  Electrical  Review.)  (13) 
Feb.  27. 

Excursion  de  la  Societe  dans  la  Region  des  Pyrenees  du  24  septembre  au  3  octobre, 
1912,   Compte   Rendu   et   Notes   Techniques.*       (32)       Nov. 

VIII«  Congres  International  de  Chimie  Appliquee  a  Washington  et  k  New-York  du 
4  au  13  septembre,   1912,   Compte  Rendu.     L.   Barthelemy.      (32)      Dec. 

L'Ecole  Nationale  d'Arts  et  Metiers  de  Paris.*   L.  Pierre-Guedon.    (33)    Jan.  25. 

Municipal. 

The   Chicago   Plan.      Charles   H.   Wacker.    (4)    Jan. 

Inefficient  Operation  of  Dayton's  Asphalt  Repair  Plant.*    (60)   Feb. 

Road  Construction   in  Wayne  County,   Michigan.*    (60)   Feb. 

Park   Drives   and   Boulevards.*    Linn   White.    (60)    Feb. 

Preventicn   of   Defects    in    Brick    Pavements.*    (60)    Feb. 

Paving  Conditions   in  Southern   Cities.*    (60)    Feb. 

Method  and  Cost  of  Constructing  a  Granitoid  Pavement  in  Pierce  County,  Washing- 
ton.*   C.   H.   Sweetser,   M.   Am.   Soc.   C.   E.    (86)    Feb  5. 

Bituminous    Gravel    Concrete    Pavements.*      (86)      Feb.    5. 

The  Petrographic  Study  of  Road  Building  Rocks  in  the  U.  S.  Office  of  Public  Roads.* 
(86)      Feb.  5. 

Municipal  Plant  for  the  Storage  of  Road  Oil.*    (86)   Feb.   5. 

The  Consistency  of  Bituminous  Materials — Its  Determination  and  Value  in  Specifi- 
cations. W.  W.  Crosby,  M.  Am.  Soc.  C.  E.  (Paper  read  before  Am.  Assoc,  for 
the   Advancement   of   Science.)    (86)    Feb.    5. 

How  Nearly  Does  the  Modern  Yellow  Pine  Block  Pavement  Approach  to  the  Ideal 
Pavement  and  What  Improvements  Can  We  Suggest?  H.  L.  Collier.  (Ab- 
stract of  paper  read  before  the  Am.  Wood  Preservers'  Assoc.)    (96)    Feb.  6. 

Trials  of  Road   Materials  at  Sidcup,  A  Review  of  the   Interim  Report.    (104)    Feb.  7. 

Investigation  of  Municipal  Asphalt  Plants;  Cost  Data  Collected  in  Report  Recom- 
mending  Plant   for   Washington,    D.    C.    (14)    Feb.    S. 

Bituminous  Materials  ;  Their  Use  and  Misuse.  G.  S.  Reeves.  (Abstract  of  paper  read 
before   Michigan   Eng.    Soc.)    (86)    Feb.    12. 

A   Road    Planer   for   Bituminous   Surfaces.*    (86)    Feb.    12. 

Fixed  Carbon  in  Bituminous  Material  ;  Its  Determination  and  Value  in  Specifica- 
tions.*   (86)    Feb.    12. 

Modern  Road-Making  Machinery  and  its  Use.  T.  R.  Agg.  (Abstract  of  paper  resui 
before  the  111.  Soc.  of  Engrs.  and  Surveyors.)      (13)      Feb.  13;    (86)   Feb.  5. 

Tests  of  Road  Metal.     C.  W.  L.  Alexander,  Assoc.  M.  Inst.  C.  E.      (104)      Feb.  14. 


•Illustrated. 
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IMunicipal     (Continued). 

Hilumiiious  Surfaces  on  Brick  Pavements.     Ellis  U.  Dutton.      (Abstract  of  paper  read 

before  tbe  Am.  Assoe.  for  the  Advaneement  of  Sci.)  (14)  Fob.  15;  (86)  Feb.  19. 
Some  Observations  and  Experiments  on  tbe  Tractive  Power  of  Horses.  (86)  Feb.  lii. 
limitations   in  the  Use  of  Bituminous   Carpet  Surfaces.*      Arthur  W.   Dean,   M.   Am. 

Soe.   C.   E.      (Paper  read  before  Am.  Assoc,  for  the  Advancement  of  Sci.)       (86) 

Feb.   19. 
Cost    of   Street    Cleaning,    Sprinlcling   and   Oiling   at    Bo.ston,    Ma.ss.,    in    1911.       (86) 

Feb.    19. 
Method   and  Cost  of  Clearing  Site.  Grading  Streets  and  Constructing  Concrete   Side- 
walks  for   Real    Estate    Development  on    Long   Island.      Mvrnn    H.    Lewis.      (86) 

Feb.  19. 
Servile  Test  of  Street  Pavements  under  City  Traffic.      (86)      B\>b.   19. 
.Vsiihaltic     Concrete     and     Sheet     .Asphalt     Pavements.        (Specifications     adopted     by 

Vancouver,    B.   C.)    (96)    Feb.    20. 
lyondon     Street    Pavings,     Metroi)olitati    Committee's    Tenth     Annual     Report.     (104) 

Feb.   21. 
.•\    Mile    of    Test    Pavements    on    Second    Avenue,    New    York.    11.    W.    Durham.    (14) 

Feb.   22. 
Relative  .Advantages  of  Laying   Brick   Pavements  on    Sand   Foundations   and   Cement 

Concrete  Foundations.     Robert  Hoffman,  M.  Am.  Soc.  C.  E.      (Abstract  of  paper 

read  before  Am.  Assoc,  for  the  Advancement  of  Sci.)       (86)      Feb.  26. 
Some   Conditions  Affecting  the   Interaction   of  Motor  Vehicle  Wheels   and  Road   Sur- 
faces.     L.    I.    Hewes.      (Paper   read   before  Am.   Assoc,   for   the   Advancement   of 

Sci.)      (86)      Feb.   2G. 
Tar  Macadam  Construction  bv  the  Board  of  Public  Roads  of  Rhode  Island  in  1912.* 

Herbert  C.  Poorc.    (86)    Feb.  26. 
The    City    Traffic    Census    as    Conducted    by    the    Bureau    of    Highways,    Borough    of 

Brooklyn,    New   York   City.      W.   H.    Messenger.    (Abstract   of   paper   read   before 

Am.   Assoc,   for  the  Advancement   of  Sci.)       (86)      Feb.    26. 
Brick    Pavements    for   Country   Roads.*      William    C.    Perkins.       (Paper    read    before 

Am.    Assoc,    for    the    Advancement   of    Sci.)       (96)      Feb.    27  :    (60)    Feb.  ;     (86) 

Feb.  19. 
Concrete   Paving  Between   Car  Tracks  in  Birmingham.*      (14)      Mar.   1. 
Cost    Data   on    Street    Paving.      W.   W.    Kerch.      (Abstract    of   paper    read    before    the 

111.   Soc.   of   Engrs.   and   Surveyors.)       (14)      Mar.    1. 
Note  sur  les  Travau.x    Entrepris  pour  Proteger   la   Route   National   No.   12  d'Alger   a 

la     Frontidre     Tunisienne     centre     I'Envahissement     des     Sables.*      M.     Daujon. 

(43)      Nov. 
Die    Versorgung    von    Stadten    mit    Koksofengas    und    die    kommunalpolitische    Seite 

dieser    Frage.      R.    Niibling.      (39)      Feb.    5. 
Tafeln    fiir  Zinseszin.s — und   Rentenrechnung   zur   Berechnung   des   Gestchungspreises 

zu   untorhaltender  Asphaltstrassen.      Brehmer.      (39)      Feb.    5. 

Railroads. 

The  Use  of  Single-Phase  Commutator  Motors  for  Electric  Traction  on  Long-Dis- 
tance   Railways.*      Stanley   Parker   Smith.      (63)      Vol.    190. 

The    London,    Brighton    and    South    Coast    Railway    Electrification.*      (73)      Jan.    31. 

Electrification  on  the  Midi   Railway.*      (12)      Serial  beginning  Jan.   31. 

Reinforced  Concrete  for  Railway  Sheds.*      (12)      Jan.  31. 

.New  Type  of  Engine  for  the  Great  Central   Railway.*      (12)      Jan.   31. 

Superelevation  on  Rails.    (21)      Feb. 

Notes  on   Simple  Mallet  Locomotives.*      (21)      Feb. 

Sets  of  Three  60  ft.  Carriages;   South  Eastern  and  Chatham   Railway.*      (21)      Feb. 

Curves   of   Locomotive   Operation.*      L.    R.    Pomeroy.      (25)      Feb. 

The   Bulldozer  in   Railway   Shops.*      Lewis   D.   Freeman.      (25)      Feb. 

.New  York  Central  Lines  Steel  Coaches.*      (25)    Feb.;    (15)   Feb.   21. 

Mikado  Type  Locomotives.*      (21)      Feb. 

I'-ish- Plates  ;    Pennsylvania    Railroad.*       (21)      Feb. 

Concrete  in  Railway  Work.*  Frederick  Auryansen.  (Abstract  of  paper  read  be- 
fore   the    National    Assoc,    of   Cement    Users.)       (87)      Feb. 

Adaptability  of  Concrete  to  Track  Elevation  Work.     Alfred  W.  Hoffman.      (87)      Feb. 

.Automatic  Block  Signals,   Norfolk  &  Western   Ry.*      (87)      Feb. 

Heat-Treatcd   Chrome   Vanadium   Tires.*      (108)      Feb. 

Adhesion  and  Rack  Locomotives  on  the  Italian  State  Railway.*  Luigi  Velani. 
(From   Revista    tccnica   dcUe    ferrovic    Italiane.)       (88)      Feb. 

Historical   Sketch  of  the  Beach  Hydraulic  Shield.*      Frederick  C.   Beach.     (36)     Feb. 

The    Electro-Pneumatic    Brake.      N.    A.    Campbell.      (65)      Feb. 

The   Manufacture   of  Chilled    Iron    Car   Wheels.      Frederick   C.    Weber.      (105)      Feb. 

Pacific  Type  Locomotives  for  the  Seaboard  Air  Line.*      (18)      Feb.  1. 

The   Q-R  Locomotive   Brake   Equipment.*      (18)      Feb.    1. 

Methods  and  Cost  of  Constructing  the  Bear  Creek  Branch  of  the  Cincinnati,  New 
Orleans   and   Texas  Pacific   Railway.*      David   W.    Stradling.      (86)      Feb.    5. 

•Illustrated. 
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Railroads     (Continued). 

Some  Features  of  Grade  Separation  by  Joint  Track  Elevation  in  Joliet,  Illinois. 
R.  A.  Crook.  (Abstract  of  paper  read  before  Illinois  Soc.  of  Engrs.  and  Sur- 
veyors.)     (86)     Feb.  5.  _ 

The  New  Gas-Electric  Locomotive  of  the  Minneapolis,  St.  Paul,  Rochester  &  Du- 
buque  Electric   Traction   Company.*      (86)      Feb.   5. 

A   Heavy  Switching  Locomotive  with   Side  Sandboxes.*      (13)      Feb.   6. 

Tlie  Mount   Royal  Tunnel  on  the  Canadian   Northern  Railway.*      (96)      Feb.  6. 

.\n  Analysis  of  Steel  Ingot  Manufacture;  The  Influence  of  Common  Defects  on  the 
Quality  of  Rails  and  Structural  Material  and  Means  for  Correcting  Them.* 
Bradley   Stoughton.      (15)      Feb.   7. 

A   Pilot   Snow  Plow.*      E.   R.   Lewis.      (15)      Feb.   7. 

Feed-Water   Heaters   for   Locomotives.*      (47)      Feb.    7. 

Mallet  Compound  Locomotives  for  the  Denver  &  Rio   Grande  R.   R.*      (18)      Feb.   8. 

The  Circulation  of  Water  in  Locomotive  Boilers.*  George  L.  Fowler.  (18) 
Feb.  S. 

The  Northern  Railway  of  Cameroon.*      (19)      Feb.   8. 

Opening  of  the  New  Grand  Central  Terminal,  New  York  City.*  (14)  Feb.  8;  (15) 
Feb.  14. 

Railway   Headlights.*      G.  H.   Stickney.      (From  Lighting  Journal.)       (96)      Feb.   13. 

Elimination  of  Timbering  in  Rock  Tunneling,  a  Proposal.*  John  F.  O'Rourke.  (13) 
Feb.    13. 

Building    a    Large   Railway    Embankment.*    (13)    Feb.    13. 

Superheater  Switch  Engines  with  Gaines  Combustion  Chamber.*      (15)      Feb.   14. 

Electrification  of  the  North-Eastern  Railway  on  the  H.  T.  Direct-Current  System. 
(3)      Feb.    14. 

New  Locomotive  Regulator  Valve.*    (12)    Feb.   14. 

Superheated  Steam — Its  Effect  upon  Cylinder  Power  in  Practice  (Locomotives).* 
Charles  R.  King.    (12)    Serial  beginning  Feb.  14. 

Construction  of  the  Duluth,  W^innipeg  &  Pacific  Ry.*     (18)     Feb.  15. 

640-H.  P.  Work-Car  Locomotive  for  the  Boston  Elevated  Railway.*      (17)     Feb.  15. 

The  Uintah  Railway  Line  with  Steep  Grades  and  Sharp  Curves.*  E.  A.  Porter.  (14) 
Feb.   15. 

Factors  AtTecting  Derailments  on   Sharp   Curves.    ( 14)    Feb.   15. 

An  Electric  Tractor  for  Hauling  Freight  Cars  in  City  Streets;  Pennsylvania  R.  R.* 
(13)      Feb.   20. 

Block  Signaling  and  Train  Control  Report.    (13)    Feb.  20. 

The    Mittenwald    Single-Phase   Railway.*     (12)    Serial    beginning    Feb.    21. 

Scientific  Cleansing  of  Railway  Coaches.*   J.   T.   Ainslie  Walker.    (15)    Feb.    21. 

Anti-Friction  Side  Bearing.*      (Car  and  Tender  Trucks.)       (15)      Feb.   21. 

Treating  Plant  for  Central   of  Georgia.*    (15)    Feb.   21. 

The  Cafferty-Markle  Ballast   Spreader.*    (15)    Feb.    21. 

Gas-Electric  Motor  Cars  on  the  Chicago,  Milwaukee  &  Puget  Sound  Ry.*  (18) 
Feb.   22;    (17)   Feb.   15;    (15)    Feb.  28. 

Progress  Report  on  Service  Tests  of  Ties.  Howard  F.  Weiss  and  Carlile  P.  Wins- 
low.  (From  U.  S.  Forest  Service  Circular,  No.  209.)  (18)  Feb.  22;  (15) 
Feb.  21. 

The   Derby   Carhouse   of   the   Connecticut   Company.*    (17)    Feb.    22. 

Precise  Surveys  for  Mount  Royal  Tunnel.*     .1.  L.   Busfleld.      (96)      Feb.  27. 

Train   Resistance   Tests,    Southern   Pacific   Ry.    (13)    Feb.    27. 

Refrigerator   Cars    for   Express    Service.*    (15)    Feb.    28. 

Switching  Locomotives  for  the  Illinois  Central  R.  R.*      (18)      Mar.   1. 

Experiments  with  Freight  Car  Trucks.*    (18)    Mar.   1. 

Chrome- Vanadium  vs.  Carbon  Rolled  Steel  Wheels.      (18)      Mar.  1. 

Mounting  of  Radial  Couplers.  A.  L.  Price.  (Paper  read  before  the  Central  Elec. 
Rv.  Assoc.)       (17)      Mar.  1. 

L'ficlairage  par  I'Acetylene  Dissous  des  Voitures  des  Chemins  de  Fer  du  Sud  de 
TAutriche.*    (33)    Feb.    8.  ^,,^    ^  ^     ^^ 

La  Nouvelle  Gare  Centrale  de  Leipzig.*  A.  Bidault  des  Chaumes.    (33)    Feb.   15. 

Unterdruck  bel   Staumauern.*  R.    Schaefer.    (49)    Pt.   1.  >„      „      -< 

Die    Wiederherstellung   des    Honebachtunnels.*    E.    v.    WMllmann.    (49)    Pt.    1. 

Der  Bewegungswiderstand  von  Eisenbahnfahrzeugen  zu  Beginn  des  Anfahrens.  II. 
v.    Glinski.    (48)    Dec.    21.  .^^       . 

Ueber    Schienenstofs-Verbindungen.*    K.    Skibinski.    (102)    Jan.    15. 

Messungen  des  Dampfverbrauches  fur  die  Heizung  stillstehender  Personenwagen. 
von   Glinski.    (102)    Jan.    15.  „     .   ,    u      •      •        ,:,  k     ■■ 

Die   Bahnlinie   Ebnat-Nesslau.*    A.    Acatos.    (107)    Serial    begmning  Feb.    1. 

Ueber  Hochspannungs-Leitungsanlagen  fur  elektrische  Bahnen.*  Egon  E.  Seefehlner. 
(41)    Serial   beginning  Feb.   6.  ..„,.    n,     .   ,   i.      •      •        -n.  u    -i  r 

Gebirgswalder  und  Eisenbahnen.*   F.  X.  Burn.    (107)    Serial  beginning  Feb.   15. 
Ueber     die     Kraftwerksausnutzung     beim     Zukunftigen     elektrischen     Betrieb     der 
Schweizerischen  Eisenbahn.*     W.  Kummer.     (107)     Feb.  15. 


•Illustrated. 


•Miinli.  I!l|.;.  I  cii;i;i;\l'    i:\(l  1\  KKKINi;    l.l  TKirVTUKE  2G1> 

Railroads,  Street. 

I'll.'  I'rcMiit  Tiiid.ncy  of  Street  Railway  Operating  Expenses.     .1.  .1.   Murloigli.   (I'liper 

i<;ici    h.loie   tlie  Am.    Elec.   Ky.    Assoc.)     (17)    Feb.    1. 
Misrussion    (111    Hates   and    Fares.      William    J.    Clark.       (Paper    read    before   the   Am. 

lCli><-.   Uy.    Assoc.)     (17)    Feb.    1. 
ICi'tVct  of  Load  Factor  on  Cost  of  Electric  Railway  Passenger  Service.      C.   N.  Duffy. 

(Paper  read  before  the  Am.   Elec.  Rv.  Assoc.)    (17)    Feb.   1. 
Supporting    an    Electric    Railroad    on    the    Edge    of    a    Side    Hill.*      Walter    Loring 

Webb.      (13)      Feb.    0. 
Pierce  Street  Carhouse  of  the  Omaha  &   Council  Bluffs  Railway.*      (17)      Feb.    8. 
I'roposcd    Street   Railway  Terminal   for  New   York.*      (17)      Feb.    8. 
Rtport   on   the   United    Railways  of   St.    Louis.      James    E.    Allison.    (Report   made    to 

the  .Municipal  Assembly  of  St.  Louis.)       (17)      Feb.   8. 
Recommendations    for    San     Franci-sco    Cars.      B.    J.    Arnold.      (Abstract    of    Supple- 
ment  to   report  on   the   design  of   the  new   United  Railroads'   motor  car.)       (17) 

Feb.   8. 
Overhead    Signal    Installation    at    Yonkers.*      (17)      Feb.    15. 
Report    on    Cincinnati    Terminal    Possibilities.*      Blon    J.    Arnold.      (Report    to    the 

Cincinnati   Rapid   Transit  Conim.)       (17)      Feb.   22. 
New   Cars   for   Milwaukee.*      (17)      Mar.    1. 

Recent    Improvements  on   the   Boston   Elevated   System.*      (17)      Mar.    1. 
Les  Ameliorations   du   Service  sur   I'Ancien   Reseau   Metropolitain   de   Londres   depuis 

son   Electrification.*      (33)      Feb.   1. 

Sanitation. 

Sewage   Purification   in   the   East;    Coral   as    a  Filtering   Material.*      R.    Ball,    Assoc. 

M.   Inst.  C.   E.      (104)      Jan.  31. 
Linthwaite  And   Golcar   Sewage   Schemes.*      (104)      Jan.    31. 
Sewage  Purification.*     James  Millar  Neil.      (105)      Feb. 

Municipal  Plants  for  Electrolytic  Sewage  Purification.*      C.   L.  Edholm.      (60)      Feb. 
L  se  of  Pitot  Tube  in  Air  Measurements.*      Frank  L.  Busey.      (64)      Feb.  4. 
The   Human    Element   in    Industry,   Economics  of   Proper   Attention   to  Shop   Hygiene 

Through    a    Service    Department    Approved    Methods    of    Ventilation.     Winthrop 

Talbot.      (20)      Serial  beginning  Feb.   G. 
Drop-Feed   Hot-Water   Heating   System.*      (101)      Feb.    7. 
The   Possibilities   of   House    Heating   by   Artificial   Gas   as    a   Fuel.      A.    F.    Krippner. 

(Paper  read  before  the  National  Commercial  Gas  Assoc.)       (24)    Feb.  10;    (66) 

Feb.   11. 
Methods  of   Garbage   Disposal   Applicable   to   Conditions    in   the   Smaller   Cities,   with 

Some  Costs   and   Other  Data.      Samuel   A.   Greeley.      (Paper   read   before   Illinois 

Soc.  of  Engrs.  and  Surveyors.)      (86)   Feb.  12;   (14)   Feb.   15. 
Salient    Features   of    Modern    Refuse    Destructor    Practice    in    Great    Britain.      James 

A.   Seager.      (86)      Feb.   12. 
Studies    of    Fish    Life    and    Water    Pollution.      H.    W.    Clark    and    George    O.    Adams. 

(Abstract  of  paper   read  before  the   Inter.    Cong,   of   Applied  Chemistry.)       (13) 

Feb.  13. 
Sewage  Disposal   Investigations  at  Cleveland.*      R.  Winthrop  Pratt.      (13)      Feb.  13. 
Storm    Water   Discharge.      R.    O.    Wynne-Roberts    and    T.    Brockmann.      (96)      Serial 

beginning  Feb.   13. 
Cost   of    Street    Cleaning,    Sprinkling   and    Oiling    at    Boston,    Mass.,    in    1911.      (86) 

Feb.    19. 
Facts   and   Fancies   About   Sewage   Disposal.      Gilbert   Thomson.      (Abstract   of   paper 

read   before   the   Sanitary   Assoc,   of   Scotland.)       (96)      Feb.    20. 
A    Plea  for   Scientific   Research   in   the  Field  of   Sewage   Purification.      A.   J.   Martin. 

(Paper   read   before   the   Inst,   of   San.   Engrs.)       (104)      Feb.   21. 
Combination     Heating    System     in    a     Residence.*      Frank    K.     Chew.      (Paper    read 

before   the    Am.    Soc.    of    Heating   and    Ventilating    Engrs.)       (101)      Feb.    21. 
A    Concrete   Wash-Stand.*      Frank    A.    Bowman.      (103)      Feb.    22. 
Sewage-Pumping    Plant    in    Kansas   City.*      O.    L.    Eltinge.      (14)      Feb.    22. 
Rehabilitation    of    Hoboken    Sewerage    System  ;    Proposed    Gravity    System    on    Flat 

Grades   Flushed   Automatically   with   Tidewater.*      (14)      Feb.   22. 
'Ihe  Design   and  Operating  of  the   Institutional   Sewage  Treatment  Plant  at  Julietta. 

Indiana.*      Charles     Brossmann.      (Paper     read     before    the    Indiana     San.     and 

Water   Snpplv    Assoc.)       (86)      Feb.    26. 
Shdge   Disposal.      Karl  Imhoff.      (Paper  read  before  the   Inter.   Congress  on  Hygiene 

and  Demography.)       (96)      Feb.  27. 
Street    Cleaning    Efliiciency    Standards    for    Chicago.*       F.    H.    Cenfield    and    A.     B. 

Segnr.      (13)      Feb.    27. 
Street     Cleaning     Costs     at     Spokane,     Wash.,     in     1912.      S.     A.     Levington.      (13) 

Feb.  27. 
Specifications  for  Drain  Tile  and  Sewer  Pipe.      (Report  of  Comm.,  Iowa  State  Drain- 
age   Assoc.)     (14)    Mar.    1. 
Sewage- Disposal  Plant  at  the  Great  Lakes  Naval  Traming  Station.  Treating  Sewage 

by  Reduction  Tanks  and  Anaerobic  and  Sprinkling  Filters.*      (14)      Mar.   1. 
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Sanitation     (Continue).!  i. 

Practical    Hints   on    Sewer   Construction.      W.    W.    Brigden.    (14)    Mar.    I. 

Downward    Ventilation    in    a    Uoikford    School.    (Abstract    of    paper    read    hct'oic    llic 

Am.   Soc.  of  Heating  and  Ventilating  Engrs. )       (64)      Mar.  4. 
Die  gleichwertige  Oeffnung  einer  LUftanlage  und  die   Kennlinien   eines  Ventilators.* 

M.    Kloss.       (48)       nee.    28. 
Die    Bestiinninng   der    Grosse   dcs    stiindlichon    Luftwechsels    fiir    vollbesetzte   Riiume 

(Konzertsiile.    Theater,    Schulen,    usw..    nach    Massgabe    eines    nicht    zu    iiber- 

schreitenden   Feuchtigkeitsgehaltes  der   Luft.      Rietschel.      (7)      Jan.   18. 
Regelung  der  Vorlaufteniperatur  in  dem  Steigrohr  von  Wasserheizanlagen.*  0.  Krell. 

(7)    .Ian.   18. 
Die  badetechnische  Einrichtung  des  Stadtbades  Miilheim  a.  d.  Ruhr.*     K.  Klaus.      (7) 

Jan.   IS. 
Das  Haiismiill  und  seine  Verwertung  in  den  Grosstiidten,     Clemens  Dorr.   (7)   Feb.  1. 
Weitere   Versuche   mit  Formaldehyd-Vakuum-Disinfel<tion.*    Gg.   Mayer.    (7)    Feb.    1. 
.^ustausch    von    Schlamniwasser    beim    Durchgange    des    Schlammes    vom    Absetz-    in 

den   Faiilrauin   der   Emscherbrunnen  ;   eine  Replik.      Bach.         (39)      Feb.    5. 
Entwasserung   von    Arbeiterkolonien,    Garteustildten    und    Landhausbezirken.*      Piehl. 

(39)    Serial    beginning    Feb.    5. 
Die    Ileizungs-    und    Liiftungsanlage    im    Vereinshause   des    Militarwissenschaftlichen 

und    Kasinovereines    in    Wien.*    Ernst    Bauer.    (53)    Feb.    7. 
Die    Abwas.-;errcinigungsanlage    fiir    die    dritte    hessische    Heil-    und    Pflegeanstalt    zu 

Alzey  Rhciiihessen.*     A.  Schumann.    (7)    Feb.  8. 
Die    hamburgisihen    biologischen    Abwasserreinigungsanlagen,    inbesondere    die    Ab- 

wasserreinigungsanlage  der  Stadt  Bergedorf.*     R.   Ehrenzeller.      (7)      Feb.   8. 

Structural. 

The  Development  of  Unit  Structural  Concrete.*     Charles  D.  Watson.      (2)      Jan. 
Waterproofing  Concrete  as  an  Engineering  Problem.*     Maximilian  Toch.      (98)      Jan. 
Structure  of  Galvanized    Iron.*    W.    Arthur   and   W.   H.    Walker.    (Abstract   of   paper 

read    before   the    Am.    Inst,    of   Metals.)     (22)    Jan.    24. 
Breakdown   Tests  of  Metals.*      O.   Boudouard.      (Paper  read  before  the  Inter.   Assoc. 

for  Testing  Materials.)    (47)    Jan.    24. 
The  Resistance  of   Metals  to  Alternating   Stresses.*    T.   E.   Stanton.    (Paper   read   be- 
fore the  Inter.  Assoc,  for  Testing  Materials.)       (47)      Jan.  24. 
The    "Hy-Rib"    System    of    Building    Construction.*     (22)    Jan.    31. 
Notched-Bar  Impact  Tests.     Walter  Rosenhain.    (12)    Jan.  31. 
Notes  on   Analysis  and  Testing  of  Coal  Tar  Creosote.      L.   B.   Shipley.      (Paper   read 

before  the  Am.  Wood   Preservers'  Assoc.)       (87)      Feb. 
Some    Experimental    Treatments   with    Reference   to    the    Effect   of    Initial    Air   Pres- 
sure  on    Penetration   of   Creosote.      R.    S.   Belcher.    (Paper   read   before   the   Am. 

Wood    Preservers'    Assoc.)       (87)    Feb. 
Oil-Mixed   Concrete.      Logan   Waller   Page.       (From   Bulletin   No.   Jf6,  U.    S.   Office   of 

Public   Roads.)     (87)    Feb. 
Method  of  Handling  Concrete  in  Lining  a  Shaft.*      (86)      Feb.   .5. 
Constructional   Features   of   a   Large   Reinforced-Concrete   Dome.*    L.   R.   W.    Allison. 

(96)    Feb.   6. 
Swimming    Pool    in    the    New    Gymnasium    of    the   Rensselaer    Polytechnic    Institute, 

Troy.   N.   Y.*    (13)    Feb.   6. 
The    Settlement    of    Solids    in    Water    and    Its    Bearing    on    Concrete    Work.      J.    S. 

Owens,  Assoc.  M.  Inst.  C.  E.    (Abstract  of  paper  read  before  the  Concrete  Inst.) 

(104)    Feb.    7. 
Structural   Steel   in  the  Seamen's  Church   Institute.*    (14)    Feb.   8. 
Deep   Open   Pits   for  Foundation   Piers.    (14)    Feb.    8. 
Reinforced    Concrete   Tenement    Building.*    (14)    Feb.    8. 
Concrete    Floor   Failure    in    Detroit.*    E.    H.    Owen,    Assoc.    M.   Am.    Soc.    C.    E.    (14) 

Feb.  8. 
Notes    on    the    Construction    of    a    Gasholder    in    a    Ferro-Concrete    Tank.  G.    P. 

Mitchell.    (Paper  read  before  the  Scottish  Junior  Gas  Assoc.)    (66)    Feb.   11. 
Recommended   Changes  in   Portland  Cement  Specifications.      (13)      Feb.   13. 
Wrecking  a   Four-Story  Concrete   Building  in   Chicago.*      (14)      Feb.   15. 
Erecting  the   22d   Regiment   Armory,    New   York.*      (14)      Feb.   15. 
Determining   the   Consistency   of    Bituminous    Materials.      W.    W.    Crosby.      (Abstract 

of    paper    read    before    th?    Am.    Assoc,    for    the    Advancement    of    Sol.)       (14) 

Feb.    15. 
Estimating  Amount  of  Red  Lead  Paint  for  Steel   Work.      Cloyd  M.   Chapman.      (14) 

Feb.   15. 
Reinforced    Concrete    in    Churches.*      V.    J.    Elmont,    A.    M.    Can.    Soc.    C.    E.      (96) 

Feb.  20. 
Strength    and    Ductility    of    Iron,    Steel    and    Bronzes    at   High   Temperatures.*      (13) 

Feb.   20. 
Novel     Construction     of     Concrete     Foundations.     W.     G.     KirchofEer.      (Abstract    of 

paper  read  before  the  111.  Soc.  of  Engrs.  and  Surveyors.)      (13)      Feb.   20. 
>e  Radical  Innovations  in  a  New  Steelwork  Specification.*      (13)      Feb.  20. 
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structural     (Continued). 

Concourse  Roof,   Craiid   Central  Terminal,   New  York   City.*      (14)      Feb.   22. 

.Memorial   Drinking   Fountain  of  Reinforced   Concrete.*      (14)      Feb.   22. 

Method    of    Constructing    an     Eight-Story     Reinforced    Concrete     Warehouse,     Using 

Special  Column  Forms  and  Concreting  Plant.*      (86)      Feb.  26. 
Some    E.xperience    with    Concrete    Piles     in     Chicago.*      J.     Norman     .Jensen.      (13) 

Feb.    27. 
Foundations  of  the   Northwestern   Mutual   Life   Building.*      (14)      Mar.    1. 
Tests  of  Two  Large  Nickel  Steel   Columns.*      Henry  W.   Hodge.      (14)      Mar.    1. 
Etude   dos   Conditions   Actuelles   du    Campanile    de   Pise,    Travaux    de   la    Commission 

Technique.*      Goupil.       (43)      Nov. 
Calcul  des   Hourdis  en   B6ton   Arme,    Instructions  Ministfirielles   du    20   Octobre   1906 

Relatives  ft   I'Emploi   du   Beton    Arme.    Note  Jointc   ft   I'Avis   du   Conseil   General 

des  Ponts  et  Chauss6es  en  Date  du   11  Juillet  1912.*      (43)      Nov. 
Vl''    Congr6s    de    I'Association    Internationale    pour    I'Essai    des    Materiaux,    Compte 

Rendu.     Cellerier  et  Pitaval.      (32)      Dec. 
Lattis  Arm6  Lifivre.*     A.  Moreau.      (92)      Dec. 
Le  Beton  Arme    (Systeme  Hennebique)    en  1911.*      (84)      Jan. 
Nouveaux    Reglements    Canadiens    pour    I'Emploi    du    Ciment    Arme.      (84)      Serial 

beginning  Jan. 
Charpentes   en    Bois,   Systeme   Hetzer.*       (35)      Feb. 
I'eber  die  Entwicklung  und  den  heutigen  Stand  des  deutschen  Luftschiffhallenbaues.* 

Richard   Sonntag.      (49)      Serial   beginning  Pt.   10,   1912. 
Der    Ursprung   der   Chinesischen    Dachformen.*      G.    Th.    Hoech.      (49)      Pt.    1. 
Der  Neubau  der   Koniglichen   Landesturnanstalt  in   Spandau.*      (49)      Pt.    1. 
Neubau    fiir  das   Oberprasidium   Koblenz.*      (49)      Pt.    1. 
Untersuchungen     iiber     die     Normalspannungen     in     rechteckigen     Eisenbeton-Quer- 

schnitten    bei     Kraftangriffen     ausaerhalb    der    Haupttragheitsachsen.*       Henri 

Marcus.      (51)      Sup.   No.  3. 
Volumenanderungen    des    Betons    und    dabei    auftretende    Anstrengungen    in    Beton- 

und    Eisenbetonkorpern.*      Otto    Graf.      (48)      Dec.    21. 
Wanddruck    in   Silos   und   Schachtofen.*      Georg   Lindner.      (48)      Dec.   28. 
Beispiele    wichtiger    Eisenkonstruktionen    verschiedener    Hiittenwerksgebaude.*       W. 

Schomburg.      (69)      Jan. 
Lagerplatten   der  Geringsten   Kosten.      Martin   Preuss.      (69)      Jan. 
Ueber   Knickfestigkeit.*      A.   Viereudeel.      (69)      Jan. 

Die  alemannische  Holzbauweise  in  Strassburg.*     Fritz  Beblo.      (40)      Jan.  18. 
L'nfallverhiitungsvorschriften    fiir   Eisenbetonbau.      B.    Loser.      (78)      Jan.    20. 
Weitere  Versuche  mit  umschniirten  Gusseisen.*     Fr.  von  Bmperger.      (78)      Jan.  20. 
Die     Bcrechnung    der    gekreuzt     bowehrten     Eisenbetonplatten     und     deren     Aufnah- 

metriiger.      Hugo  v.  Bronneck.      (78)      Jan.   20. 
Amerikanische   Volksschulhauser.*      Karl    Hintrager.      (53)      Jan.    31. 
Der  Entwurf  eines  preussischen   Wohnungsgesetzes.      (51)      Serial   beginning   Feb.  1. 
Ueber  die  Grenze  der  vollkommenen   Elastizitat  und   das   Ilookesclie  Gesetz.      Bernh. 

Kirsch.    (53)    Feb.   7.  „,  „ 

Der  Schutz  der  Sandsteine  gegen  Verwitterung.*      Moormann.      (40)      Feb.   8. 
Die  Rostgefahr  bei   Eisenbetonbauten.      E.    Probst.    (40)    Feb.    8. 
Die     Eisenbetonkonstruktionen     des    Hauptzollamtsneubaues     in     Miinchen.*     Kaiser. 

(78)    Feb.   13.  ^      „.  ^      ,    ^       u 

Berechnung   der    Durchbiegungen    kontinuierlicher   Balkentrager.*      Michael    Gombos. 

Der   Balken   niit  umschnurtem   Druckgurt.      Martin   Preuss.    (78)    Feb.    13. 

Eine    unfreiwillige    Brandprobe.*    (78)    Feb.    13. 

Die  Tragfiihigkeit  umschnurter  Saulen.*      Fritz  von   Emperger.      (78)      Feb.   1^- 

Der    Eiscnbeton    auf   der    Internationalen    Baufachausstellung    in    Leipzig,    Mai    1913. 

(78)    Serial   beginning  Feb.   13.  ,,     i,    .,     ,, 

Zentralmagazin     auf    dem     Nickischschacbt     der     Bergwerksgesellschaft     Georg     von 

Giesche's  Brben,  Zalenze  O.  S*     J.  Squedor.      (78)      Feb.  13. 
Die  Verwendung  von  Schleuderbetonsaulen  beim  Bau  des  Oppelner  Textilosewerkes.* 

Karl   Eisenrieth.    (78)    Feb.   13.  „    „r  .  ».  /=«^ 

Ueber  die  Verfahren  zur  Untersuchung  des  Stablwerksteeres.     R.  Weissgerber.      (50) 

Feb.   20. 

Topographical. 

Topographical '^Surveys    for    Dr^Tnage    Districts.       Walter    A.    Birket.     (Abstract    of 
paper   read   before  the   111.   Soc.   of   Engrs.   and   Surveyors.)     (13)    Feb.    20. 

Water  Supply. 
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By  C.  J.  TiLDEN,  Assoc.  M.  Am.  Soc.  C.  E. 
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For  nearly  a  century  the  accepted  value  for  the  weight  of  a  dense 
crowd  of  people  has  been  about  100  lb.  per  sq.  ft.,  conservative  de- 
signers often  assuming  a  slightly  higher  figure,  and  their  more  daring 
brethren  a  considerably  lower  one.*  The  investigations  of  Stoney,t 
Kernot,:}:  and  others,  long  ago  showed  that  this  was  by  no  means  the 
maximum  value,  and  the  elaborate  work  of  Johnson, §  published  in 
1904,  showed  that  an  intensity  of  183  lb.  per  sq.  ft.  was  within  the 
range  of  possibility.  The  effect  of  Johnson's  investigations  was  to 
raise  slightly  the  load  intensities  prescribed  by  some  specifications, 
but  this  effect  was  by  no  means  general. 

Thus  far,  the  purely  static  effect  of  a  crowd  is  the  only  one  that 
has  received  careful  study  by  engineers,  and  the  ''dead  weight"  is 
the  loading  assumed.  The  fact  that  this  is  not  sufficient  in  con- 
sidering the  load  that  may  come  on  a  bridge  or  other  structure  was 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  Invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion   in  full,  will   be  published   in   Transactions. 

*  "  A  Memoir  on  Suspension  Bridges."    Charles  S.  Drewry.  London,  1832,  p.  113. 

"  Work  on  Bridge  Building."    S.  Whipple.  Utica,  N.  Y  ,  l"847,  Essay  No.  II,  p.  115. 

"Encyclopedia  of  Architecture."    Gwilt.  p.  -ISfl. 

For  modern  load  requirements  in  specifications  of  highway  bridges,  etc.,  see  Trans- 
actions, Am.  Soc.  C.  E.,  Vol.  LIV,  p.  479 ;  Engineering  News,  Vol.  65,  p.  392,  pp.  440  and  460; 
Vol.  66,  pp.  61  and  648;  Vol.  68,  p.  824,  etc.,  etc.;  IlliDois  Highway  Commission,  Third 
Report,  p.  121. 

t  "  Theory  of  Strains  in  Oirders  and  Similar  Structures."  B.  B.  Stoney,  London,  Revised 
Edition,  1K86.  p.  616. 

X  See  Editorial,  Engineering  News.  Vol.  29  (March  16th,  1893),  p.  252. 

S  Engineering  News,  Vol.  51,  p.  .360;  Tiansactions.  Am.  Soc.  C.  E.,  Vol.  LIV,  p.  441; 
Harvard  Engineering  Journal,  Vol.  IV  (April,  1905),  p.  29. 
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recognized  by  Robert  Stevenson  in  the  early  part  of  the  last  century. 
In  his  paper  entitled  "An  Account  of  Suspension  Bridges",  published 
in  1821,*  is  the  following  interesting  paragraph: 

"But  the  effect  we  have  to  provide  against  in  bridges  of  suspension, 
is  not  merely  what  is  technically  termed  dead  weight.  A  more  power- 
ful agent  exists  in  the  sudden  impulses,  or  jerking  motion  of  the 
load,  *  *  *  The  greatest  trial,  for  example,  which  the  timber 
bridge  at  Montrose,  about  500  ft.  in  extent,  has  been  considered  to 
withstand,  is  the  passing  of  a  regiment  of  foot,  marching  in  regular 
time.  A  troop  of  cavalry,  on  the  contrary,  does  not  produce  corre- 
sponding effects,  owing  to  the  irregular  step  of  the  horses.  The  same 
observations  apply  to  a  crowd  of  persons  walking  promiscuously,  or 
a  drove  of  cattle,"  etc. 

Stevenson,  however,  does  not  suggest  any  definite  values  for  this 
"more  powerful  agent"  which  he  recognizes  and  describes  with  such 
clear  appreciation. 

Shortly  after  Johnson's  paper  was  published,  a  letter  signed  by 
Mr.  R.  Moreland  appeared  in  London  Engineering,-];  in  which  a  sug- 
gestive experiment  was  reported: 

"In  1900  my  firm  had  a  contract  for  the  Manchester  Racecourse  for 
some  large  stands,  and  to  gain  information  we  put  as  many  men  as 
possible  on  our  10-ton  weigh-bridge,  and  we  found  that  we  could  get 
ninety  men  as  close  as  possible  into  a  space  14  ft.  by  8  ft.,  or  112 
square  feet,  and  they  weighed  115  cwt.  1  qr.,  which  would  equal  1  cwt. 
per  square  foot.  We  then  asked  them  to  jump,  and  the  load  went  up 
to  li  cwt.;  they  then  ran  four  abreast  across  the  machine,  but  no  ex- 
cess was  recorded  over  the  1-|  cwt.  per  square  foot." 

Details  of  this  experiment  arc  meager,  but  it  is  the  only  one,  so 
far  as  the  writer  is  aware,  in  which  a  determination  is  sought  of 
the  increased  load  effect  due  to  motion  in  a  group  of  human  beings. 
In  general,  in  structural  work  at  least,  this  increase  is  assumed  to  be 
cared  for  by  the  "factor  of  safety",  that  pernicious  and  misnamed 
offspring  of  ignorance. 

The  study  of  kinetic  effect  is  far  more  complex  than  that  of  static 
effect,  for  the  movements  of  a  crowd  of  people  may  take  place  in 
infinite  variety,  and  each  change  of  motion  must  be  accompanied  by 
some  exertion  of  force  other  than  the  purely  static  condition.  The 
problems  suggested,  therefore,  are  capable,  at  best,  of  only  approximate 
solution.     The  following  study  is  an  attempt  to  throw  some  light  on 

*  Edinburgh  Philosophical  Journal,  No.  10,  p.  255. 
t  Vol.  LXXIX  (April  28th,  1905),  p.  551. 
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the  question  of  detenu ininj;-  and  analyzing  as  far  as  possible  the  forces 
exerted  by  an  individual  under  certain  simple  conditions  of  motion. 
The  extent  to  whidi  siidi  observations  apply  to  crowds,  and  the  limita- 
tions of  such  an  ai)plication  are  then  considered. 

The  subject  is  divided  naturally  into  two  parts:  first,  the  vertical 
effect,  as  in  the  experiment  described  by  Moreland  and  quoted  above, 
nianifcsted  as  an  increase  over  the  static  or  dead  load;  and,  secondly, 
the  horizontal  effect  which  appears  as  a  lateral  force.  The  first  is 
due  to  changes,  of  motion  in  a  vertical  direction,  the  second  to  similar 
changes  in  a  horizontal  direction.  The  experiments  described  are 
simple  and  direct,  and  though 
the  results  may  not  be  scientific- 
ally exact,  they  are  at  least  in- 
structive, and  furnish  a  basis  for 
modifying  somewhat  our  views 
on  the  possible  effect  of  crowds. 

Vertical  Effect. — 1. — Rising 
Suddenly  from  a  Crouching 
Posture. — In  this  experiment  the 
subject  was  asked  to  assume  a 
crouching  position,  as  shown  by 
Fig.  1,  on  an  ordinary  plat- 
form scale.  His  weight  was  de- 
termined and  recorded.  The 
counterpoise  was  then  moved 
out  on  the  scale-beam  until 
it  registered  a  load  40  or  50  lb. 
in    excess    of    the    static    load,  fig.  l. 

the  hooked  end  of  the  scale-beam  resting,  of  course,  against  the 
lower  stop.  The  subject  was  then  asked  to  rise  smartly  to  a  stand- 
ing position,  as  shown  by  the  dotted  lines  in  Fig.  1,  whereupon 
the  scale-beam  shot  up  momentarily,  showing  a  sudden  large  in- 
crease in  the  downward  load  effect  of  the  man,  as  a  result  of  the 
upward  acceleration  given  to  his  body.  A  somewhat  larger  load  was 
then  registered  on  the  scale-beam  and  the  operation  repeated.  A  great 
deal  of  care  was  exercised  to  prevent  the  motion  from  becoming  a 
jump,  and  the  subject  was  warned  not  to  let  his  feet  leave  the  plat- 
furni.     The  movement  was  smart  and  quick,  however,  occupying,  per- 
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haps,  i  or  i  sec.  Each  repetition  of  the  movement  was  recorded,  and 
the  words  "Kaised"  or  "Not  raised",  referring  to  the  scale-beam,  were 
written  after  the  number  representing  the  load  registered  on  the  scales. 
The  following  is  a  sample  of  the  record  sheet  kept  of  each  experiment : 
(Name   of  subject.)     Static  weight  ^   155   lb.     (Date.) 

Scales  set  at  220  lb Kaised. 

"     "     240  " Raised. 

"     "     260  " Barely  raised? 

"     "     260  " Raised. 

"     "     265  " Raised. 

"     "     270" Raised. 

"     "     275  " Not  raised. 

"     "     275  " Raised. 

"         "     "     280  " ? 

"     "     280" Not  raised. 

"         "     "     280" Barely  raised? 

It  is  seen  that  this  man,  weighing  155  lb.,  exerted  a  momentary 
downward  pressure  of  275  lb.,  as  shown  by  the  scale-beam  lifting 
from  the  stop,  as  a  result  of  the  movement  described.  As  there  was 
some  question,  even  after  three  trials,  as  to  whether  280  lb.  had  been 
exerted,  the  figure  taken  was  275  lb.  or  an  increase  of  77%  over 
the  static  load.  (See  Line  D,  Fig.  2,  I.)  Eight  experiments  of  this 
sort  were  tried  on  seven  different  men,  weighing  from  139  to  233  lb. 
The  results  are  shown  graphically  by  Fig.  2,  I,  in  which  the  black 
portion  of  each  line  represents  the  static  weight  and  the  shaded  portion 
the  increase  due  to  rising  suddenly  from  a  crouching  position.  It  is 
interesting  to  note  that  the  greatest  increase  recorded,  80%,  occurs 
for  the  heaviest  man,  G,  a  former  tennis  champion  who  is  very  active 
on  his  feet. 

The  two  lines  marked  A  and  Aj.,  one  showing  58%  increase  and 
the  other  67%,  are  for  the  same  man.  The  result  shown  at  A  was 
obtained  in  the  usual  way,  as  illustrated  by  Fig.  1  and  previously  de- 
scribed. The  case,  Aj.,  differed  from  A  in  that  a  timber,  about  11  in. 
deep  and  weighing  108  lb.,  was  put  on  the  scale  platform  on  which 
the  subject  stood.  While  it  is  not  likely  that  the  interposition  of 
this  heavy  mass  had  anything  to  do  with  the  slight  increase  (from 
58  to  67%)  shown  in  J.^,,  it  obviously  did  not  tend  to  diminish  the 
kinetic  effect. 
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//. — Rising  Sudden  1 1/  from  a  Sitting  Position. — This  experiment 
was  similar  to  I,  iind  was  conducted  in  the  same  manner,  the  only 
difference  being  that  the  subject  rose  suddenly  from  the  chair  in 
wliicli  lio  was  seated,  instead  of  getting  up  from  a  crouching  position. 

KINETIC  EFFECTS  OF  CROWDS 
Standing  up,  from  crouching  posture; 


139  \h. ^220  lb. 

IM  lb.  --iSO  lb. 


increase, 


1&)  lb. 2601b. 

I.w  lb. 27.-;  lb. 


.-.0  lb. 


58  f: 
60 :? 

68% 

45S 
lb. 

120  lb. 


67^ 


Average,  66% 


Standing  up,  from  sitting  posture; 

14.5  lb.  240  lb. 


sa 


m  lb. 2591b. 

156  lb.        250  lb. 

—I  I 

15-^  lb.  290  lb. 


:^^^^^^ 


65% 


61  f. 

87% 


II 


lU  lb. 


2331b. 4021b. 


122f« 
725t 


Average,  79% 


-■:S^ 


Standing  and  "jouncing" 

139  lb, 


3321b. 
Ui  lb.  400  lb. 

^.v:^;;.:-i^         ,.;...:.;.:;...:..  ,.;yyt^i 

15.5  lb.  4i0  lb. 


-^Jji^^JJtiJtl 


.  lb. 


139^ 

178?5 
184* 
132* 


III 


360  lb. 

6251b. 


236* 


Average,  174% 


Fig.  2. 


The  movement  is  indicated  clearly  by  the  photographs,  Plate  XLI, 
Figs.  1  and  2,  in  which  the  two  successive  positions  of  the  subject  are 
shown  by  a  double  exposure  of  the  negative.  The  records  were  made  in 
precisely  the  same  manner  as  for  Experiment  I,  with  the  results  as 
shown  in  Fig.  2,  IT.     The  letters,  A,  B,  C,  etc.,  refer  to  the  same  in- 


330 


KINETIC  EFFECTS  OP  CROWDS 


[Papers. 


dividuals  as  in  I.   The  following  is  a  sample  "log-sheet"  for  this  experi- 
ment, being  the  record  for  B: 

(Name  of  subject.)     Scale  reading  =  155  lb.     (Date.) 
Weight  of  chair  =     11  lb. 


Static   weight   of   subject  =  144  lb. 

Scales  set  at  200  lb Raised. 

"     "    220  " Raised. 

"     "    240  " Raised. 

"     "    250  " Raised. 

"     "    260  " Not  raised. 

"     "    260  " Not  raised. 

"     "    260  " Raised— third  trial. 

"     "    265  " Raised— first  trial. 

"     "    270  " Raised— first  trial. 

"         "     "    275  '' Not  raised  in  three  trials. 

270  —  11  =  259  lb.,  total   net   effect,   static  +   kinetic; 
=  115  lb.  increase,  or  80  per  cent. 

It  is  interesting  to  note  that  this  movement,  which  may  readily 
occur  in  a  theater,  grandstand,  or  other  place  where  a  large  audience 
is  gathered,  gives  distinctly  higher  values  than  are  foimd  in  Experi- 
ment I,  the  average  increase  being  nearly  80%,  and  no  individual 
case,  of  the  seven  recorded,  falling  below  60  per  cent. 

Ill, — Jouncing. — In  this  experiment,  the  results  of  which  are 
shown  by  III,  Fig.  2,  an  attempt  was  made  to  get  an  approach  to  a 
maximum  individual  effect.  The  subject,  standing  on  the  scale  plat- 
form, suddenly  bent  the  knees  and  as  quickly  straightened  them  again, 
at  the  same  titaae  jerking  the  arms  and  shoulders  downward  to  intensify 
the  effort  exerted.  The  instructions  were  to  get  as  vigorous  a  move- 
ment as  possible  without  letting  the  feet  leave  the  scale  platform. 
The  vertical  movement  of  the  body  did  not  probably  exceed  2  or  3  in. 
The  experiment  is  interesting  and  suggestive,  but  hardly  of  much  im- 
portance, as  the  time  during  which  the  greatest  effort  acts  is  neces- 
sarily exceedingly  short.  The  effort  is  more  in  the  nature  of  a  quick 
blow.    Its  bearing  in  relation  to  I  and  II  will  be  discussed  later. 

Horizontal  Effect. — I. — Some  idea  of  the  horizontal  effort  exerted 
in  Experiment  II  (rising  from  a  sitting  posture)  may  be  obtained  by 
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studying  the  movement  of  the  centei*  of  gravity  of  the  subject.  (Plate 
XLT,  Figs.  1  and  2.)  If  the  ratio  of  the  movements,  horizontal  to  ver- 
tical, is  taken  as  measuring  approximately  the  relative  intensities  of  the 
respective  forces,  it  gives  a  fairly  good  indication  of  the  backward  shove 
exerted  by  a  man  when  he  jumps  up  to  cheer  a  spectacular  play  on 
the  football  field,  or  to  shout  welcome  to  his  politiciil  favorite.  In  Plate 
XLI,  Fig.  1,  the  movement  shown  is  from  an  erect  sitting  posture  to  a 
standing  position,  while  Plate  XLI,  Fig.  2,  shows  a  similar  movement 
from  a  less  alert  sitting  position.  The  first  movement  is  probably  more 
nearly  typical  than  the  second,  but,  in  jumping  up  suddenly,  as  in  Plate 
XLI,  Fig.  1,  in  his  final  standing  position  a  man  would  probably  lean 
forward  more  than  that  shown  in  the  photograph,  so  that  a  ratio  of  hori- 
zontal to  vertical  motion  of  about  0.75  mi^ht  fairly  be  assumed.  Al- 
though this  ratio  of  movements  may  not  show  the  relative  force  values 
exactly,  owing  to  complexities  of  motion  not  taken  into  account  in 
the  simple  geometry  of  the  figure,  it  is  undoubtedly  fairly  indicative. 
On  such  a  basis,  taking  the  increase  in  vertical  effect  at  about  two-thirds 
of  the  static  weight,  it  appears  that,  in  rising  suddenly  from  his  seat,  a 
man  may  exert  a  backward  horizontal  shove  about  one-half  as  great  as 
his  weight,  say  from  70  to  80  lb.  for  an  ordinary  man. 

Figs.  3,  4,  and  5  are  introduced  to  show  the  method  of  determining 
the  centers  of  gravity  of  the  standing  and  sitting  figures.  For  the  stand- 
ing figure  (Plate  XLI,  Figs.  1  and  2)  the  vertical  centroidal  line  was 
readily  drawn  on  the  photograph  by  eye.  The  position  of  the  horizontal 
centroidal  line  was  then  determined  as  in  Fig.  3,  by  getting  the  reac- 
tions at  head  and  heels  on  the  two  platform  scales  when  the  man  was 
stretched  out  horizontally.  A  simple  proportion  between  the  two  ob- 
served scale-weights  then  serves  to  fix  the  position  of  the  line,  and  this 
is  transferred  to  the  photographs  (Plate  XLI,  Figs.  1  and  2)  by  the  con- 
struction shown  at  the  right  of  the  figures.  Similarly,  for  the  sitting 
figure,  a  vertical  centroidal  line  was  obtained  by  the  method  shown  in 
Fig.  4,  and  an  inclined  centroidal  line  as  in  Fig.  5,  the  angle  of  inclina- 
tion of  the  latter  being  determined  by  the  two  measurements,  24  in.  hori- 
zontal and  21  in.  vertical,  shown  in  the  sketch.  The  intersection  of 
these  two  lines,  when  properly  transferred  to  the  sitting  figure  in  the 
photograph  (geometrical  construction  on  the  right),  locates  the  center 
of  gravity  of  the  seated  man.  The  scale  for  the  photographs  was  fixed  by 
the  two  meter  sticks  seen  clearly  in  Plate  XLI,  Figs.  1  and  2,  one  laid 


332  KINETIC  EFFECTS  OF  CROWDS  [Papers. 

horizontally  on  the  scale  platform  between  the  feet  of  the  subject 
and  the  other  standing  vertically  in  the  same  plane.  The  vertical 
and  horizontal  components  of  the  movement  of  the  center  of  gravity 
were  then  measured  directly  on  the  photograph  with  this  scale. 

//. — Horizontal  Forces  Exerted  hy  a  Man  Walking. — The  motion 
of  a  man  who  is  walking  on  a  level  floor,  sidewalk,  etc.,  at  ordinary 
speed,  is  not  perfectly  uniform.  The  changes  in  velocity — whether 
acceleration  or  retardation — must  be  accompanied  by  some  manifesta- 
tion of  horizontal  force,  this  force  urging  the  man  forward  when  his 
velocity  is  being  increased,  and  holding  him  back  when  it  is  being 
diminished.  As  these  forces  act  on  the  man,  his  action  (or  reaction) 
on  the  floor  must  be  equal  and  opposite  to  them;  therefore,  he  will 
exert  a  backward  horizontal  push  when  his  speed  is  increasing  and  a 
forward  horizontal  thrust  when  that  speed  is,  for  the  moment,  partly 
checked.  The  investigation  which  is  sunmiarized  in  Fig.  6  is  an 
attempt  to  determine  approximately  what  values  the.se  momentary 
forward  and  backward  forces  may  have. 

The  twelve  figures  shown  in  the  lower  half  of  Fig.  6  were  traced 
from  a  series  of  photographs,  taken  at  intervals  of  ^  sec,  of  an  athlete 
walking.*  The  man  walked  directly  in  front  of  and  parallel  to  a 
screen  which  was  marked  off  by  horizontal  and  vertical  lines  into 
squares  of  5  cm.  on  a  side.  The  subject  was  about  30  in.  in  front  of 
this  background,  and  the  camera  some  50  ft.  from  the  subject,  so  that 
the  distance  interval  covered  in  each  interval  of  time  might  be  de- 
termined with  a  close  degree  of  approximation  by  counting  the  squares 
passed  over  by  the  man  in  each  successive  position.  In  making  this 
count,  the  horizontal  line,  AB,  was  chosen  as  the  base,  as  it  passes 
very  close  to  the  center  of  gravity  of  the  man  for  all  positions,  and  the 
"reading"  on  the  background  squares  was  made  at  the  intersection  of 
this  line  with  the  buttocks  of  the  naked  figure.  The  total  interval 
found  in  this  way,  from  the  first  to  the  twelfth  figure,  was  nearly 
0.7  m.,  or  about  5.5  ft.,  giving  an  average  velocity  of  6  ft.  per  sec. 
(a  trifle  more  than  4  miles  per  hovir)  for  the  complete  stride  shown  in 
the  diagram.     The  average  velocity  during  each  interval  (-^  sec.)   of 

*  This  series  of  figures  was  traced  from  Plate  8  of  Volume  I  of  "  Animal  Locomotion," 
by  Eadweard  Muybridge  (Philadelphia,  18S7).  This  remarkable  work,  published  in  eleven 
great  volumes,  shows  hterally  thousands  of  photographs  of  human  beings  and  animals  in 
great  variety  of  motion.  A  smaller  edition,  containing  a  few  of  the  series,  much  reduced 
in  size,  has  been  published  under  the  title  "The  Human  Figure  in  Motion."  (London, 
Chapman  and  Hall,  1901.) 
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time   may   also   be   determined,    and   this   has   been   done   in   the   last 
column  of    Table  1. 

TABLE  1. 


Photographs. 

Reading  off  back- 
ground, in  meters. 

Distance  Interval  : 

Velocity  during 

interval,  in 
feet  per  second. 

Meter. 

Foot. 

1 

0.18 
0.36 
0.50 
0.62 
0.77 
0.92 
1.12 
1.28 
1.42 
1.55 
1.68 
1.85 

0.18 
0.14 
0.12 
0.15 
0.15 
0.20 
0.16 
0.14 
0.13 
0.13 
0.17 

0.59 
0.46 
0.39 
0.49 
0.49 
0.65 
0.53 
0.46 
0.43 
0.43 
0.56 

7.1 

a 

5.5 

3 

4  7 

4 

5 

5.9 
5.9 

6 

7.8 

6.4 

8 

5.5 

9 

5.2 

10 

5.2 

11 

6.7 

12 

In  interpreting  and  applying  these  results,  the  uncertainties  at- 
tendant on  their  computation  must  be  kept  in  mind;  they  give,  how- 
ever, an  interesting  and  instructive  indication  of  the  way  in  which  the 
velocity  varies.  Thus,  the  velocity  is  well  below  the  average  between 
Positions  3  and  4,  well  above  between  Positions  6  and  7  and  well 
below  again  between  Positions  9  and  10.  This  is  shown  graphically 
in  the  upper  curve  of  Fig.  6,  which  gives  the  velocity-time  curve  drawn 
as  indicated  by  the  computed  values,  not  exactly  through  the  plotted 
points  but  "smoothed  out"  to  give  an  even,  continuous  curve.  The 
average  velocity  for  the  stride  is  shown  by. the  heavy  dotted  line.     - 

To  measure  the  force  exerted,  it  is  necessary  to  know  the  accelera- 
tion, and  this  is  obtained  by  differentiating  graphically  the  velocity 
curve.  This  acceleration  curve,  or  "first-derived"  of  the  velocity  curve, 
is  shown  immediately  below  the  latter.  The  ordinates  of  the  accelera- 
tion curve  were  obtained  by  actual  geometric  construction  for  the  slope 
of  the  tangent  to  the  velocity  curve  at  a  number  of  points.  It  is  seen 
that  the  Jiigh  and  low  points  of  this  acceleration  curve  have  values, 
plus  and  minus,  respectively,  of  16  or  18  ft.  per  sec.  per  sec,  which 
would  correspond  to  a  horizontal  accelerating  or  retarding  force  of 
80  or  90  lb.  for  a  man  weighing  about  ICO  lb.*  These  force  values 
urge  the  man  forward  for  the  high  points  of  the  curve,  and  backward 
for  the  low  points;   note,   in  this  connection,  the  backward  shove  or 

*  Force  (in  pounds)  =  Mass  ^■e  Acceleration,  the  mass  being  measured  in  "engineers' 
units"  (1  unit  =  33.3  lb.)  and  the  acceleration  in  feet  per  second  per  second. 
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kick  of  the  right  foot  in  Positions  5  and  6  and  of  the  left  foot  in 
Positions  11  and  12,  and  the  forward  thrust,  retarding  the  body's 
motion,  of  the  right  foot  in  Positions  1  and  2  and  of  the  left  foot 
in  Positions  7  and  8.  Although  these  forces  are  impulsive  in  their 
nature  and  act  for  only  a  fraction  of  a  second,  there  seems  to  be  no 
doubt  of  their  existence,  and  although  the  amount  is  not  determinable 
exactly  (varying  as  it  must  with  different  individuals  and  conditions), 
it  may,  apparently,  equal  or  even  exceed  half  the  static  weight  of 
the  man. 

///. — Horizontal  Forces  Exerted  hy  a  Man  Running  Across  a 
Bridge. — Approaching  from  a  slightly  different  viewpoint  this  problem 
of  horizontal  force  exerted,  some  experimental  data  were  collected 
bearing  on  the  lateral  effect  which  may  be  produced  on  a  bridge.  At 
the  time  of  a  boatrace,  river  pageant,  or  similar  exhibition,  a  crowd 
of  people  will  naturally  gather  on  a  bridge,  ranging  themselves  along 
one  side.  As  the  spectacle  moves  under  the  bridge  the  entire  crowd 
will  cross  to  the  other  side,  Plate  XLII,  and  the  motion  is  likely  to  be 
fairly  rapid.     What  effect  has  it  on  the  structure? 

As  in  the  previous  cases,  the  experimenting  was  on  an  individual. 
The  observer,  with  a  stop-watch,  noted  the  time  of  the  subject  as  he 
turned  from  the  rail  on  one  side  of  the  bridge  and  ran  quickly  to  the 
other.  This  time  included  the  start  from  rest  at  one  rail  and  coming 
to  rest  again  at  the  other.  The  suggestion  was  made  that  the  sub- 
ject imagine  he  was  watching  an  exciting  boat  race,  and  did  not  want 
to  miss  any  of  it  as  the  contestants  pulled  i;nder  the  bridge.  The 
tests  were  carried  out  on  three  bridges,  in  three  different  localities, 
the  widths  between  rails  being  17,  49^,  and  68  ft.,  respectively,  the 
second  and  third  bridges  having  sidewalks  on  both  sides.  Three  men 
took  part  as  subjects,  one  a  vigorous  active  man  of  sixty-seven,  weigh- 
ing IGO  lb.,  another,  thirty-nine  years  old,  and  weighing  about  140  lb., 
and  the  third,  twenty-six  years  old,  and  weighing  144  lb.  The  results 
are  given  in  Table  2,  and  show,  as  might  be  expected,  the  higher 
average  velocities  for  the  wider  bridges. 

Remembering  that  these  figures  for  the  velocity  are  average  values 
and  not  the  maximum,  we  may  obtain  an  approximation  to  the  hori- 
zontal force  exerted  by  the  man,  first  as  he  started  on  his  journey 
across  the  bridge  and  secondly  when  he  stopped  at  the  other  side. 
Take,  for  example,  the  second  bridge  noted  in  Table  2  and  the  first 
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experiment.  The  inaxiimiin  speed  may  be  safely  assumed  as  about 
12  ft.  per  sec. — more,  jjrohably,  rather  than  less — and  the  "mass"  of 
tlie  iiiovinfT  niaii  at  ."•  units  (160  -f-  tj).  The  familiar  expression  for 
kinetic  energy,  A  .1/1'-,  then  yields, 

i  X  5  X  i-ii  =  300  ft-lb.  of  kinetic  energy, 

and  this  energy  must  be  given  to  the  man  at  the  start  of  his  trip  and 
destroyed  at  the  end.  If  this  is  accomplished  in  the  space  of  2  or  3  ft. 
(i  to  i  sec),  as  seems  reasonable,  the  imi)ulsive  starting,  or  stopping, 
force  has  a  value  of  about  150  lb.,  nearly  vqv\i\\  to  the  weight  of  the 
man.  If  it  takes  a  longer  time  to  attain  the  maximum  velocity  from 
the  standing  start — say,  about  i  see. — the  effort  may  be  extended  over 
a  distance  of  5  or  6  ft.,  and  vpill  amount  to  perhaps  60  or  70  lb.  This 
effort,  of  course,  must  be  exerted  both  at  the  start  and  at  the  finish,  as 
the  start  is  from  rest  and  the  subject  comes  to  rest  again  at  the 
opposite  rail.  If,  as  may  happen  when  he  brings  up  sharply  against 
the  rail,  the  whole  amount  of  kinetic  energy  is  destroyed  in  a  space  of 
6  in.  or  1   ft.,  the  effort  will  amount  to  several  hundred  pounds. 

TABLE  2. 


Width  of  bridge, 
in  feet. 

Weight  of  subject, 
ID  pounds. 

Time  of  running  across 
bridge,  in  seconds. 

Average  velocity  for 

one  trip, 

in  feet  per  second. 

17 

144 

1.6  (down-stream) 
1.4  (up-stream) 
1.6  (downstream) 
1.6  (up  stream) 

Average 

10.6 
12.1 
10.6 
10.6 
11  ft-sec.-' 

17 

140 

1.4  (tip-stream) 
1.6  (down-stream) 
1.8  (up-stream) 
1.6  (down-stream) 

Average 

12.1 
10.6 
9.4 
10.6 
10.7ft-sec.— ■ 

49.5 

160 

4.8  (upstream) 
4.4  (downstream) 

Average 

10.8 
11.2 
10.8ft-sec.-> 

49.5 

140 

4.0  (up-stream) 
4.4  (down-stream) 

Average 

12.3 
11.2 
11  Rft-sec— ' 

68 

160 

6.0  (up-stream) 
5.4  (down  stream) 

Average 

11.3 
12.6 
12  ft-sec.— ' 

68 

140 

5.2  (up-stream) 
4.8  (down-stream) 

Average 

18.1 
14.2 
18.7ft-sec.— ' 
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In  applying  these  experimental  results  to  determine  the  probable 
effect  of  crowds,  several  points  must  receive  careful  consideration. 
In  the  first  place,  the  object  of  the  whole  inquiry  is  to  get  some  sort 
of  answer  to  the  question :  Against  what  loads,  horizontal  and  vertical, 
should  an  engineer  design  a  structure  which  is  likely  to  have  to  carry 
a  dense  crowd  of  human  beings?  It  is  with  respect  to  their  bearing 
on  this  question  that  the  experiment  will  be  discussed. 

Direct  multiplication  of  individual  effect  by  the  probable  number 
of  units  in  the  crowd  is,  of  course,  wrong.  In  the  first  place,  the  forces 
exerted  are  impulsive  in  their  nat\ire,  being  exerted  for  only  a  small, 
though  finite  and  measurable  fraction  of  a  second.  In  order  to  get 
the  full  effect  of  such  impulsive  efforts  from  a  crowd  of  people, 
it  is  necessary  to  have  perfect  synchronism  of  motion  in  every  in- 
dividual, a  condition  practically  out  of  the  question.  Further,  the 
denser  a  throng  of  people,  the  more  individual  motion  is  restricted, 
so  that  in  the  more  closely  packed  crowds,  giving  the  higher  static 
loads  per  square  foot,  the  increase  resulting  from  kinetic  effect  is 
much  reduced.  On  the  other  hand,  that  the  static  load  only  shall 
operate,  perfect  quiescence  must  be  secured,  a  condition  quite  as  im- 
possible in  any  crowd  as  that  of  absolute  synchronism  in  movement; 
and  the  duty  of  the  engineer  is  to  provide  in  every  case  for  the  maxi- 
mum possible  load-effect  to  which  his  structure  may  be  subjected,  a 
duty  which  is  immeasurably  emphasized  when  the  safety  of  human 
beings  is  at  stake. 

The  first  experiment — that  of  rising  from  a  crouching  position — 
although  suggestive  and  interesting,  hardly  has  a  practical  bearing. 
That  particular  form  of  motion  could  take  place  only  in  a  sparse 
crowd,  and  even  then  would  be  highly  improbable.  Its  main  value 
lies  in  showing  rather  strikingly  the  importance  of  some  considera- 
tion of  kinetic  effect. 

The  case  of  a  man  rising  suddenly  from  his  seat,  however,  is  of 
considerable  importance.  No  one  who  has  watched  a  grandstand 
full  of  enthusiastic  football  "fans"  can  doubt  that  a  septacular  play 
may  bring  nine-tenths  of  them  to  their  feet  with  such  a  close  approxi- 
mation to  imanimity  of  motion  that  the  total  kinetic  effect  must 
be  considerable.  However,  if  the  usual  allowance  of  3  sq.  ft.  per  sitting 
is  made,  and  each  spectator  is  assumed  to  weigh  165  lb.,  or  55  lb. 
per  sq.  ft.  over  the  whole  strvicture,  an  increase  of  65  or  Y0%   (over 
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the  55  lb.  i)cr  :^(i.  it.)  may  be  assumed  without  reaching  the  static 
value  of  100  lb.  per  sq.  ft.  for  which  such  a  stand  would  probably 
be  designed.  Provision  against  horizontal  effect,  however,  is  not  com- 
monly made,  and  the  importance  of  some  such  provision  is  illustrated 
by  the  experiment.  To  be  on  the  safe  side,  a  backward  horizontal 
impulse  of  70  or  SO  lb.  for  each  sitting  might  wisely  be  guarded 
against. 

The  "jouncing"  movement,  while  it  has  a  high  kinetic  intensity 
and  is  possible  in  a  much  denser  throng  than  in  Experiments  I  and 
II,  is  nevertheless  of  much  shorter  duration;  the  effect  is  that  of 
a  rather  sharp,  quick  blow.  On  this  account,  practically  perfect 
synchronism  of  movement  is  necessary  to  get  the  maximum  effect,  and 
this,  of  course,  is  quite  impossible  in  any  ordinary  crowd. 

The  horizontal  effect  resulting  from  a  man  walking  is  probably  not 
of  general  importance,  except  in  the  case  of  a  large  number  of  men 
marching  in  cadence,  as  a  body  of  soldiers.  The  evil  effect  of  this  on 
bridges  has  been  recognized  for  generations,  and  the  tactical  require- 
ment of  "breaking  step"  during  the  passage  of  a  bridge  by  infantry  is 
well  known.*  Mention  might  be  made  of  the  obvious  slight  variations 
in  vertical  load  effect  during  the  phases  of  a  stride  (in  Fig.  6,  it  is  seen 
that  4  and  9  are  high  positions  and  1,  6,  and  12  are  low  positions  of 
the  man's  center  of  gravity),  but  these  movements  are  small  compared 
with  those  of  Fig.  1  and  Plate  XLI,  Fig.  1. 

The  experiment  of  running  across  a  bridge  is  perhaps  rather  more 
difficult  of  application  to  a  crowd.  If  a  line  of  men,  each  weighing 
150  lb.,  was  distributed  at  intervals  of,  say,  18  in.  along  the  railing 
of  a  bridge,  and,  at  a  given  signal,  turned  and  ran  to  the  other  side, 
bringing  up  sharply  against  the  opposite  rail,  the  lateral  force  exerted 
might  even  exceed  the  usual  allowance  made  for  wind.  Something  of 
the  kind,  undoubtedly,  may  occur  under  certain  conditions,  but  to 
what  extent  it  should  be  guarded  against  is  again  a  matter  of  indi- 
vidual judgment  based  on  the  exigencies  of  a  particular  problem.  A 
further  application  of  this  experiment,  however,  might  be  mentioned. 
A  wharf  or  pier,  used  for  excursion  boats,  may  collect  a  large  number 
of  people  who  enter  from  the  land  singly  or  in  groups  and  come  to 
rest  on  the  structure.  In  coming  to  rest  a  horizontal  force  is  exerted, 
that  is,  kinetic  energy  is  destroyed,  tending  to  push  the  wharf  out  into 
*  See  quotation  from  Robert  Stevenson,  cited  previously. 
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the  water;  and  this  force  is  applied  after  the  manner  of  a  succession  of 
blows,  of  varying  mag-nitiide,  but  all  in  the  same  direction. 

The  same  is  true  of  any  elevated  platform,  or  structure,  built  for 
the  accommodation  of  men  and  women,  the  entrance  to  which  is  re- 
stricted to  only  one  line  of  movement.  Such  a  structure  is  bound  to 
receive  shocks  or  impulsive  horizontal  forces  in  the  manner  indicated. 
That  these  effects  are  generally  so  small  as  to  be  of  no  importance  is 
quite  true;  but  that  they  may  also  on  occasion  reach  considerable  pro- 
portions, and  especially  that  the  cumulative  effect  may  be  serious,  seems 
to  be  equally  beyond  question.  It  may  be  that  a  bridge,  or  pier,  or 
platform  may  be  fully  capable  of  carrying  all  ordinary  loads,  even  to 
a  densely  packed  crowd  of  people,  but  some  day  it  gives  way  under  a 
much  less  (static)  load.  Is  it  not  possible  that  the  failure  may  be  due 
to  a  peculiar  combination  of  movements,  on  the  part  of  the  individuals 
of  the  crowd,  timed  and  synchronized  so  that  a  force  effect  is  produced 
on  the  structure  far  greater  than  that  of  the  mere  dead  load? 

In  conclusion,  it  may  be  said  that  the  evidence  submitted  hardly 
warrants  any  dogmatic  statement  as  to  wliat  loads  should  be  considered 
in  providing  for  the  possible  effects  of  motion  in  crowds  of  people. 
The  results  of  the  experiments  are  not  scientifically  exact,  nor  are  the 
applications  definite  or  precise;  but  that  some  provision  should  be  made 
against  effects  which  are  shown  to  be  probable  in  an  excited  gathering, 
there  can  be  no  doubt.  It  is  a  matter  for  the  individual  engineer  to 
determine,  in  solving  his  particular  problem.  The  facts,  albeit  with 
some  uncertainties  and  many  qualifications,  are  presented  as  they 
appeared  in  the  actual  experiments  described.  They  should  be  inter- 
preted and  used  in  the  light  of  sound  common  sense,  fair  and  impartial 
engineering  judgment,  and,  above  all,  a  due  sense  of  the  responsibility 
that  rests  on  the  architect  or  engineer  for  the  safety  of  those  who  must 
use  his  construction. 

In  closing,  the  writer  would  express  his  obligations  to  the  friends 
and  colleagues  whose  cordial  assistance  is  recorded  in  Fig.  2  and  in 
the  tables.  He  is  particularly  indebted  to  his  father,  to  whose  virile 
pencil  Fig.  1,  Plate  XLII,  and  part  of  Fig.  6,  are  due. 
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By  Earle  B.  Phelps,  Assoc.  Am.  Soo.  C.  E. 


The  Report  of  the  Metropolitan  Sewerage  Commission  of  New  York, 
dated  August  1st,  1912,  and  recently  issued,  contains,  among  other 
interesting  material,  a  Report  by  Dr.  W.  E.  Adeney,  in  which  especial 
attention  is  given  to  the  subject  of  re-aeration  of  polluted  tidal  waters. 
Dr.  Adeney's  views  and  conclusions  are  in  many  respects  directly 
contradictory  to  those  which  William  M.  Black,  M.  Am.  Soc.  C.  E., 
Colonel,  Corps  of  Engineers,  United  States  Army,  and  the  writer 
reached  after  a  study  of  this  problem,  in  connection  with  New  York 
Harbor,  and  fully  stated  in  a  report  to  the  Board  of  Estimate  and 
Ai)portionment  of  New  York  City,  published  March  23d,  1911.  As 
this  last-named  report  did  not  have  a  wide  circulation,  and  as  the 
matter  under  discussion  is  one  of  great  importance,  not  only  in  the 
case  of  New  York  Harbor,  but  in  all  similar  situations,  it  seems 
appropriate  at  this  time  to  consider  the  facts  and  the  conclusions  tha.t 
have  been  drawn  therefrom  by  various  workers. 

Dr.  Adeney  made  the  first  important  contribution  to  this  subject 
in  his  well-known  experiments  undertaken  on  behalf  of  the  British 
Royal  Commission  on  Sewage  Disposal.  His  results  are  fully  set  forth 
in  Appendix  VI  of  the  Fifth  Report  of  that  Commission. 

He  describes  experiments,  with  glass  tubes  6  ft.  long  and  |  in.  in 
internal  diameter,  in  which  he  exposed  de-aerated  water  under  varying 
conditions,   and,   at  the  expiration  of  stated  times,  withdrew   samples 

*  This  paper  will  not  be  presented  at  any  meeting,  but  written  communications  on  the 
subject  are  invited  for  publication  with  it  in  Transactions. 
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from  various  depths  and  submitted  them  to  analysis  for  dissolved 
oxygen  and  nitrogen.  Both  sea  vpater  and  distilled  water  were  used. 
He  found  that,  with  either  kind  of  water,  mere  exposure  of  the  upper 
surface  to  the  air  resulted  in  practically  negligible  re-aeration  in  the 
lower  depths.  He  reported  a  tendency  toward  accumulation  of  the 
dissolved  gases  in  the  upper  layers,  which  was  greater  in  the  distilled 
water  than  in  the  sea  water,  under  these  conditions.  He  next  closed 
the  top  of  the  tube,  introduced  a  small  tube  just  below  the  surface 
of  the  water,  and,  by  suction,  caused  a  slight  current  of  air  to  bubble 
through  the  top  layer  of  water.  This  led  to  a  slightly  greater  absorp- 
tion on  the  part  of  the  distilled  water.  In  the  case  of  the  sea  water, 
however,  this  method  of  procedure  resulted  in  a  fairly  rapid  absorption 
of  oxygen  and  of  nitrogen,  and  the  quantities  of  these  gases  found  a.t 
various  depths  at  the  conclusion  of  each  experiment  showed  a  tendency 
toward  uniform  distribution. 

Dr.  Adeney  refers  to  this  phenomenon  as  the  "streaming  effect", 
and  identifies  it  with  a  similar  effect  obtained  by  Huefner  under  quite 
different  circumstances.  He  adduces  evidence,  although  inconclusive, 
that  Huefner's  theory  of  a  direct  streaming  of  the  liquid,  brought 
about  by  difference  in  specific  gravity,  is  not  tenable.  He  did  not 
investigate  fully  the  cause  of  the  streaming  effect,  but  believed  it  might 
be  due  to: 

"*  *  *  minute  dust  particles,  or  by  other  centres  of  condensa- 
tion, possibly  of  an  electrical  nature,  carried  by  the  air  current  and 
being  taken  up  by  the  water  together  with  the  gaseous  eonstitutents 
of  the  air,  and  that  these  bring  about  in  some  way  a  sufficient  density 
of  the  dissolved  or  condensed  gases  to  render  it  possible  for  them  to 
be  drawn  gravitationally  downwards  through  water."* 

The  previous  passage  of  the  air  through  one  tube  of  water  destroyed 
to  a  large  degree  its  power  to  bring  about  this  streaming  effect  in  a 
second  tube,  while  the  power  was  completely  lost  by  passing  it  twice 
through  water,  thence  into  a  third  tube.  Dr.  Adeney  suggested  that 
the  ions,  or  dust  particles,  or  whatever  may  be  the  exciting  cause, 
were  removed  by  such  treatment. 

Col.  Black  and  the  writer  showed  by  experiments  with  dyes  and  by 
determining  the  amount  of  evaporation  resulting  from  the  passage  of 
dry  or  partly  dry,  air  into  a  tube  of  water,  following  Dr.  Adeney's 

•British  Royal  Commission  on  Sewage  Disposal,  Fifth  Report,  Appendix  VI,  p.  61. 
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technique,  that  this  streaming  effect,  so-called,  was  caused  by  a  true 
streaming  of  water  currents.  These  currents  are  caused  by  an  in- 
creased specific  gravity  of  the  salt  solution  following  evaporation  of 
the  water  from  the  surface  layer.  This  explains  also  the  effect 
of  using  two  or  three  tubes  in  series,  and  the  absence  of  any  material 
streaming  in  fresh  water.  In  the  latter  case,  a  slight  tendency 
toward  streaming  was  observed,  and,  without  further  investigation, 
this  was  ascribed  to  a  slight  lowering  of  the  temperature  at  the  sur- 
face, due  to  evaporation,  and  the  consequent  increase  in  the  density 
of  the  surface  layer.  Undoubtedly,  also,  the  increased  density  result- 
ing from  the  solution  of  atmospheric  gases  is  a  factor,  as  shown  by 
Huefner.  Although  Dr.  Adeney  in  his  first  report  claimed  to  have 
disproven  the  theory  of  circulating  currents  of  water,  the  explanation 
of  this  matter  by  Col.  Black  and  the  writer  has  been  tacitly  accepted 
by  him  in  his  report  to  the  New  York  Commission,  so  that  there  need 
be  no  further  discussion  of  the  theory  involved.  The  real  point  at  issue 
is  indicated  in  the  following  statements:* 

"It  is  equally  evident  from  these  experiments  that  whatever  may 
subsequently  be  discovered  to  be  the  true  cause  of  the  streaming,  its 
effect  in  large  volumes  of  sea  or  river  water  under  natural  conditions 
must  be  of  grea.t  importance,  and  of  such  dimensions  that  the  effect 
of  ordinary  diffusion  may,  in  comparison,  be  entirely  neglected." 

Col.  Black  and  the  writer  state  :t 

"In  practice  no  such  results  would  be  observed,  since  the  upper 
layers  of  an  estuary  are  always  somewhat  fresher  than  the  lower." 

This  latter  statement.  Dr.  Adeney  says,  has  no  real  foundation  in 
fact.  In  this  connection,  reference  to  the  New  York  Commission's 
report:}:  will  be  of  interest.  Here  is  shown  the  condition  of  the  water 
at  the  Narrows  as  regards  both  dissolved  oxygen  and  salinity  of  per- 
centage of  sea  water,  at  seven  different  stages  of  the  complete  tidal 
cycle.  A  distinct  stratification  is  shown  in  each  instance.  From 
the  surface  to  the  20-ft.  depth  there  is  an  average  increase  of  about 
6%  of  sea  water.  In  the  case  which  shows  the  greatest  uniformity 
throughout  the  depth,  there  is  more  than  2%  increase.  Moreover,  the 
condition  at  the  Narrows  is  less  favorable  to  the  contention  of  Col. 
Black  and  the  writer  than  the  majority  of  the  cases  shown  in  the 


*  British  Royal  Commission  on  Sewape  Disposal.    Fifth  Report,  Appendix  VI,  p.  64. 
t  Report  of  Col.  W.  M.  Black  and  Prof.  Earle  B.  Phelps  concerning   The  Location  of 
Sewer  Outlets  and  The  Discharge  of  Sewage  into  New  York  Harbor,  1911,  p.  52. 
t  Metropolitan  Sewerage  Commission  of  New  York,  1012,  p.  Ii9. 


344  ABSORPTION  OF  OXYGEN  BY  DE- AERATED  WATER        [Papers. 

diagrams  which  follow.  At  the  mouth  of  the  Hudson,  the  gradient 
ranges  from  6  to  8%  of  sea  water  in  20  ft.,  and  in  the  upper  Hudson, 
at  Mount  St.  Vincent,  it  is  normally  more  than  10%  in  the  same 
vertical  distance. 

There  seems  to  be,  therefore,  sufficient  "real  foundation  in  fact" 
for  the  assertion  that  stratification  does  exist,  and  that  there  is,  there- 
fore, no  such  vertical  circulation  of  water  from  top  to  bottom,  as 
Dr.  Adeney  found  in  his  tubes,  which  were  initially  at  a  uniform  con- 
centration. If  further  foundation  in  fact  be  required  for  this  almost 
self-evident  proposition,  reference  may  be  had  to  the  work  of  Morton  F. 
Sanborn,  Assoc.  M.  Am.  Soc.  C.  E.,  on  "The  Distribution  of  Sea  Water 
in  the  Charles  River  Basin."*  As  a  result  of  a  year's  study,  with 
almost  daily  examination  of  the  vertical  distribution  of  sea  water 
in  various  parts  of  the  Charles  River  Basin  at  Boston,  Mr.  Sanborn 
found  stratification  to  be  so  persistent  that  the  most  severe  storms 
produced  only  a  temporary  uniformity,  even  in  the  upper  20  ft.  of 
the  water,  and  that,  after  the  cessation  of  such  storms,  stratification 
was  re-established.  The  analytical  evidence  is  direct  and  positive, 
and  rests  on  no  theory.  The  streaming  effect  which  depends  on  the 
presence  of  more  dense  layers  above  those  of  less  density,  is  impossible 
in  waters  that  show  increasing  concentration  of  salt  with  increasing 
depths.  These  conditions  exist  in  the  cases  that  have  been  cited ;  there- 
fore, the  phenomenon  of  streaming  does  not  and  cannot  occur. 

Dr.  Adeney's  further  suggestion  that  the  sewage  matters  are  con- 
centrated in  the  upper  layers  is  obviously  true,  but  beside  the  ques- 
tion. We  are  considering  the  rate  of  absorption  of  dissolved  oxygen 
by  a  polluted  water,  under  the  restriction  that  the  dissolved  oxygen 
content  shall  not  be  reduced  below  a  certain  specified  amount.  This 
value,  if  properly  determined,  will  limit  the  amount  of  sewage  which 
may  be  received  into  the  water  in  question,  under  the  restrictions 
imposed.  The  most  favorable  assumption  that  can  be  made  is  that 
the  sewage  is  uniformly  distributed.  This,  in  other  words,  will  give 
a  maximum  permissible  pollution.  If,  on  the  other  hand,  we  assume 
a  concentration  of  pollution  in  the  upper  layers,  then  either  the  amount 
of  permissible  pollution  will  be  decreased  in  proportion  to  this  de- 
creased volume  of  water  available,  or  the  conditions  at  the  surface 
will  be  reduced  below  the  assumed  standard.  Such  a  concentration  of 

*  Engineering  News,  March  10th,  1910,  p.  272. 
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sewage  near  the  surface  would  result  in  a  greater  average  rate  of 
oxidation  than  if  there  were  uniform  distribution  of  the  same  quantity 
of  sewage,  but  it  is  not  the  condition  of  maximum  re-aeration. 

Dr.  Adeney  next  refers  to  the  experimental  technique  by  which 
Col.  Black  and  the  writer  determined  the  diffusion  coefficient.  He 
first  points  out  tliat  tluit  coefficient  bears  no  resemblance  to  the  one 
determined  by  Ilucfner,  and  believes  that  our  series  of  ascending 
values  with  increasing  temperature  are  due  to  a  streaming  effect,  be- 
cause of  failure  to  take  extreme  precaution  in  preserving  the  purity 
of  the  water  used.  With  regard  to  the  first  point,  the  apparent 
discrepancy  is  merely  one  of  units  used  in  the  formula.  The  exact 
definition  of  a  complicated  coefficient  of  this  kind  cannot  be  simply 
made,  and  the  reader  is  referred  to  the  original  paper  (page  89)  for 
the  definition  of  the  coefficient  and  the  units  in  which  it  is  stated.  It 
would  be  a  laborious  matter  to  convert  Huefner's  coefficient  to  these 
units,  and  the  magnitude  of  the  experimental  work  was  so  much  greater 
than  his,  and,  in  the  writer's  estimation,  the  method  of  experimenting 
was  so  much  more  reliable,,  that  no  attempt  has  been  made  to  recompute 
the  results  in  other  terms.  The  form  in  which  Col.  Black  and  the 
writer  liave  derived  it  is  most  favorable  to  practical  application  to  the 
probhnn  in  hand. 

As  for  the  general  accuracy  of  the  analytical  work,  the  results 
must  speak  for  themselves.  It  would  seem  that  Dr.  Adeney's  state- 
ment, "That  the  results  obtained  by  these  observers  do  not  repre- 
sent the  true  co-efficient  of  diffusion  of  oxygen  in  water  becomes 
eyideiit  on  carefully  examining  them"  (page  83),  and  his  further 
statement  that  these  results  have  "no  resemblance  nor  relationship 
to  the  true  co-efficient," !  might  have  been  accompanied  with  more 
explanatory  matter  for  the  benefit  of  those  less  familiar  with  the 
problem.  Col.  Black  and  the  writer  in  their  report  give  a  plot.  Fig.  1, 
showing  the  results  of  114  tests  made  throughout  a  considerable  range 
df  temperature.  Dr.  Adeney  quotes  from  page  94  of  that  report  as 
follows : 

"The  values  are  somewhat  scattering,  and  a  closer  analysis  indicates 
that  some  unknown  factor  is  involved.  Exceedingly  concordant  re- 
sults are  readily  obtained  upon  any  one  day,  while  upon  the  following 
day  another  group  of  concordant  results  will  be  obtained  differing 
from  the  first.  Barometric  corrections  were  later  applied  without 
relieving  the  situation." 
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From  this  statement,  Dr.  Adeney  concludes  that  our  values  have 
been  arbitrarily  selected,  and  will  give  misleading  results.  The  plot. 
Fig.  1,  shows  the  general  character  of  the  errors  that  have  been  re- 
ferred to.     There  are  admittedly  imperfections  in  the  process,  and  the 
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results  are  not  of  extreme  scientific  accuracy.  For  this  reason,  the 
work,  which  was  originally  carried  out  as  a  contribution  to  pure 
science,  was  not  published  as  such.  On  the  other  hand,  as  stated  on 
page  95 : 
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"Within  the  range  of  values  which  have  been  enijtloyed  in  the 
computations  in  the  text,  errors  resulting  from  the  maximum  di- 
vergence of  individual  tests  from  the  average  value  of  the  curve  are 
less  than  5  per  eent.  at  the  five-foot  depths  and  less  than  2  per  cent, 
at   the   twenty-foot   depths." 

Surely  this  is  sufficient  accuracy  for  an  engineering  discussion 
involving  so  many  unknown  factors,  as  does  the  New  York  Harbor 
problem.  The  increasing  value  of  the  coefficient  with  increasing 
temperature,  the  second  point  objected  to  by  Dr.  Adeney,  was  not  made 
use  of  in  our  discussions.  It  may  be  noted,  however,  that  this  change 
is  thoroughly  concordant,  both  in  direction  and  in  amount,  with  dif- 
fusion coefficients  which  have  been  determined  for  various  soluble 
salts  in  water.  With  higher  temperature,  the  molecular  velocity  of  a 
dissolved  substance  (that  is  its  tendency  to  diffuse)  increases,  and  the 
viscosity  of  the  solution  (the  resistance  to  diffusion)  decreases. 

Dr.  Adeney  gives  (page  85)  the  results  of  an  experiment  from 
which  he  concludes ;  "*  *  *  whether  evaporation  can  or  cannot 
occur.  Black  and  Phelps'  proposed  formula  yields  seriously  misleading 
results."  The  details  of  the  experiment  as  published  are  not  sufficient 
to  enable  one  to  check  our  formula  by  definite  computations  The 
experiment  is  apparently  made  with  "air",  and  the  results  are  re- 
ferred to  as  "Degree  of  Aeration."  The  portions  of  the  experimental 
tube  that  were  examined  are  defined  as  the  upper,  middle,  and  bottom 
layers,  without  any  definition  of  the  extent  or  position  of  these  layers. 
It  is  impossible,  therefore,  to  prove  or  disprove  the  statement  quoted 
above.  Compa.rison  of  these  experiments  with  Experiments  8  and  9, 
reported  on  pages  62  and  63  of  Dr.  Adeney's  original  Report  to  the 
Royal  Sewerage  Commission  shows  the  two  sets  of  experiments  to  be 
identical  in  all  their  essential  features,  and,  in  all  probability,  the 
New  York  experiments  numbered  3  and  4  are  merely  recomputed 
from  the  original  work.  If  this  supposition  is  correct.  Dr.  Adeney 
has  made  seven  errors  in  attempting  to  determine  the  accuracy  of 
our  formula  by  comparison  with  these  results: 

(1)  The  formula  is  misinterpreted  in  that  it  is  assumed  to  give 
the  increased  oxygen  content  at  any  depth,  whereas  its  derivation  and 
our  use  of  it  show  that  it  gives  the  total  oxygen  absorbed  by  a  column 
of  stated  depth.    This  is  plainly  stated  on  page  91  of  our  report. 

(2)  Our  20°    coefficient  is   used,   although  the  temperature  of  the 
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experiments   is   about  8.5   degrees."    Our  coefficient  for  that   tempera- 
ture is  just  half  the  coefficient  at  20  degrees. 

(3)  The  "re-aeration"  was  measured  by  nitrogen,  while  our  co- 
efficient refers  to  oxygen.  There  is  no  evidence  that  the  two  gases 
behave  similarly. 

(4)  The  experiments  are  in  sea  water,  whereas  our  coefficient  re- 
fers to  fresh  water,  and  we  state  explicitly  that  the  sea  water  co- 
efficient is  necessarily  lower,  owing  to  the  increased  viscosity  of  sea 
water.     This  effect  would  be  exaggerated  at  low  temperatures. 

(5)  The  computed  value  was  based  upon  the  supposition  that 
the  water  was  free  from  oxygen  at  the  start,  whereas  it  contained 
more  than  16%  in  each  experiment.  Proper  use  of  our  formula  takes 
account  of  the  original  oxygen  content,  a  self-evident  matter  which 
Dr.  Adeney  consistently  overlooks. 

(6)  In  recomputing  his  results  to  the  basis  of  "per  cent,  satvira- 
tion,"  the  temperature  of  the  room,  10°  to  13.5°,  is  used,  instead  of 
the  temperature  of  the  water  jacket,  8.5  degrees. 

(7)  In  these  recomputations,  values  of  zero  are  arrived  at  in 
the  middle  and  bottom  layers,  whereas  in  each  ease  in  the  original 
experiments  a  definite  amount  of  re-aeration  was  noted.  The  quanti- 
ties are  small,  but  too  large  to  be  ignored  when  the  argument  is 
based  upon  zero  values. 

If  the  writer  is  in  error  in  assuming  that  these  two  sets  of  results 
refer  to  the  same  experiments,  it  is  merely  necessary  to  point  out  that 
they  are  obtained  under  identical  conditions,  so  far  as  the  conditions 
are  stated,  and,  in  any  event,  the  writer  will  deal  with  the  original 
work,  which  is  fully  described,  rather  than  with  the  apparently 
recomputed  values  of  the  New  York  Report.  The  figures  of  the 
original  report,  of  the  New  York  Report,  and  of  the  former  recomputed 
to  the  form  of  the  latter,  are  given  in  Tables  1  and  2. 

The  columns  referred  to  in  Tables  1  and  2  are  the  long  glass  tubes. 
Air  was  bubbled  through  the  top  layers  of  three  of  these  in  series.  The 
results  of  the  first  columns  are  not  given,  for  the  circulating  currents 
established  vitiated  the  diffusion  effect. 

The  experiments  are  not  capable  of  giving  an  accurate  measure  of  the 
diffusion  coefficient  becavise  of  the  large  percentage  errors  that  are 
possible  and  evident  in  the  lower  depths  of  all  the  columns.  Neither 
are  they  planned  to  take  advantage  of  our  formula,  which  gives  the 
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TAHLE  1. — Dr.  Adkney's  Experiments  with  Sea  Water. 

()ri<;iual  Exix'riiuriits.    lloyal  Se\V(:'ra<j;i'  Coininissiou  Ri-port,  Pages  (!2-0;{. 

Amount  of  nitrogen  in  cubic  centimeters  per  liter. 


Time, 

iu 
hours. 

Tempkratitre, 

1  TO  200  MM. 

800  TO  1  000  MU. 

1600  TO  1800mm. 

No. 

Centigrade. 

Columns  : 

Columns : 

Columns: 

Room. 

Jacket. 

2 

3 

2 

3 

2 

3 

8 

9 

Start. 

48 
Start. 

48 

12.8°  to  10. 0» 
13.7»to  13. 5° 

8.6°  to  8.3° 
8.4°  to  8.5° 

2.13 

11.15 

1.63 

7.15 

2.51 

11. «) 

1.51 

6.93 

2.13 
2.29 
1.63 
1.65 

2.51 
2.55 
1.51 
1.56 

2.13 
8.18 
1.63 
1.65 

2.51 
2.51 
1.51 
1.52 

TABLE  2. — Degree  of  Aeration,  as  Percentage  of 
Saturation. 


Time, 

in 
hours. 

Temperature, 
centigrade. 

Uppermost  Layer. 

Middle  Later. 

Bottommost  Layer. 

No. 

Columns : 

Columns : 

Columns  : 

2 

3 

2 

3 

2 

3 

Computations  in  New  York  Keport,  Page  8o. 


3 

48 

10.0 

73 

69 

0 

0 

0 

0 

4 

48 

13.5 

47 

47 

0 

0 

0 

0 

Computations  by  the  Writer  for  Nitrogen  at  8.5  Degrees. 


Increase  in  N  in  48  hours  (in  cubic  centimeters) 
'  "   "  (^percentatje  of  saturation) 

Increase  in  N  in  4"^  hours  (in  cubic  centimeters) 
"        "  "  (percentage  of  saturation) 


9.02 

8.58 

0.10 

0.04 

0.05 

70 

67 

1.24 

0.31 

0.39 

5.52 

5.42 

0.(« 

0.05 

0.02 

43 

42 

0.16 

0.39 

0.16 

0.03 
0.23 
0.01 
0.08 


total  oxygen  absorbed  in  the  entire  column.  In  the  course  of  estab- 
lishing the  formula,  we  derived  an  expression  for  the  change  in  oxygen 
concentration  at  any  depth.  This  is  shown  on  page  92,  just  before  the 
integration.  While  we  have  no  determination  of  the  coefficient  for 
nitrogen  in  sea  water,  it  may  not  be  without  interest  to  note  that  by 
this  formula,  under  the  stated  conditions  of  depth,  temperature,  and 
initial  content  of  the  water,  the  increase  in  oxygen  in  a  column  of  fresh 
water  at  the  bottom  layer,  depth,  1  YOO  mm.,  would  amount  to  but 
0.1%  of  saturation,  instead  of  6%,  w'hich  Dr.  Adeney  computes.  Jn 
Experiment    9,    in    which    the    temperature    was    maintained    constant 
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within  0.1°,  the  results  were  0.16%  and  0.08%  in  the  two  tables.  In 
the  other  experiment  the  temperature  varied  0.3°,  and  the  results  were 
0.39%  and  0.23%,  respectively.  Undoubtedly,  all  results  are  high, 
owing  to  changing  temperature  and  circulation  in  the  tubes.  It  is 
evident,  however,  that  the  diffusion  coefficient  of  nitrogen  in  sea  water 
is  somewhat  lower  than  that  of  oxygen  in  fresh  water,  and  that  the 
mathematical  analysis  of  this  problem  by  Col.  Black  and  the  writer, 
if  not  supported,  is  at  least  not  invalidated  by  Dr.  Adeney's  figures. 

Discussions  of  theory  and  of  laboratory  investigations  on  such  a 
complex  problem  as  this  are  likely  to  be  futile,  unless  the  results  can 
be  controlled  and  checked  against  actual  conditions.  The  problem  of 
re-aeration  is  an  enormously  complicated  one,  but,  fortunately.  New 
York  Harbor  provides  a  full-scale  experiment,  and  the  various  investi- 
gations which  have  been  made  on  its  waters  have  furnished  a  consider- 
able mass  of  analytical  and  other  data.  It  will  be  of  value,  therefore, 
to  inquire  to  what  extent  Dr.  Adeney's  values  for  re-aeration  in  a 
harbor  water  as  a  whole  differ  from  those  of  Col.  Black  and  the  writer, 
and  if  there  be  serious  difference,  how  the  two  sets  of  values  compare 
with  existing  conditions.  Dr.  Adeney  states*  that  any  pollution  which 
would  not  cause  a  greater  rate  of  absorption  than  0.055  c.c.  of  oxygen 
per  liter  per  hour  would  exercise  no  apparent  effect  on  the  aeration 
of  a  tidal  water.  The  context  shows  that  he  means  the  condition  of 
aeration,  not  the  rate  of  re-aeration.  Col.  Black  and  the  writer  have 
already  discussed  the  errors  of  this  point  of  view,  which  gives  no  con- 
sideration whatever  to  }the;  initial  conditions  of  aeration  or  of  depth. 
It  must  be  obvious'  that'  a  saturated  water  will  absorb  no  oxygen ;  that 
there  must  be  a  reduction  from  the  normal  condition  of  aeration  before 
absorption  begins;  and  that,  furthermore,  the  greater  this  reduction 
the  greater  the  absorption.  The  figure  quoted  refers  to  a  mixture  of 
salt  and  fresh  waters  in  equal  proportions,  and  the  value  for  a  mixture 
containing  75%  of  sea  water  is  25%  greater.  This  is  the  statement 
taken  literally  and  without  question  by  Edlow  W.  Harrison,  M.  Am. 
Soc.  C.  E.,  upon  which  he  based  his  computation  cited  by  Col.  Black 
and  the  writer  (page  49)  to  show  that  the  waters  of  New  York  Harbor 
could  provide  for  the  sewage  of  60  000  000  people  without  reducing 
the  normal  oxygen.  Dr.  Adeney,  in  his  New  York  report,  makes  no 
attempt  to  treat  the  question  quantitatively,  but  points  out  the  serious 

*  British  Royal  Commission  on  Sewage  Disposal,  Fifth  Report,  Appendix  Vl,  p.  67. 
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variation  in  important  factors,  and  believes  that  the  rate  of  re-aeration 
may  vary  from  zero  to  such  a  magnitude  as  to  be  of  practical  import- 
ance. His  only  approach  to  a  quantitative  statement  is  to  the  effect 
that  rates  of  0.067  to  0.077  c.c.  of  oxygen  per  liter  per  hour  are  prob- 
ably maxima.  The  average  of  these  two  values  is  equivalent  to  0.86  lb. 
per  million  .ualloiis  per  hour,  a  figure  which  will  be  used  later  for  com- 
parison. This  value  refers  to  6-ft.  depths,  and  Dr.  Adeney  concludes 
that  in  greater  depths  the  rate  will  vary  inversely,  so  that  in  12-ft. 
depths  we  may  assign  0.43  lb.  as  Dr.  Adeney's  maximum.  In  Dr. 
Adeney's  original  report,  6-ft.  columns  were  taken  to  represent  actual 
conditions  in  practice.  Recognition  of  the  depth  factor  is  apparently 
due  to  the  Black  and  Phelps  formula.  Col.  Black  and  the  writer  also 
realized  the  complex  nature  of  the  problem,  but  undertook  a  definite 
solution  which  would  involve  the  most  important  variables.  They  esti- 
mated average  rates  of  absorption,  in  12-ft.  depths,  of  about  0.045  lb. 
per  million  gallons  per  hour,  although  this  figure  varies  considerably  in 
the  various  portions  of  the  bay. 

Comparison  of  these  figures  with  Dr.  Adeney's  maximum,  after 
modification  for  depth,  shows  them  to  be  about  one-tenth  as  great. 
Dr.  Adeney  confesses  his  inability  to  determine  an  average  rate,  but 
claims  that  it  is  "of  such  magnitude  as  to  be  of  great  practical  im- 
portance." Our  figures  are  average  rates,  and  represent  an  immaterial 
quantity  in  the  treatment  of  the  whole  subject.  While  Mr.  Harrison's 
estimate  would  probably  be  an  unfair  statement  of  Dr.  Adeney's  views, 
as  now  modified  in  his  New  York  report,  it  should  be  noted  that  it  is 
the  only  computation  that  has  ever  been  made  to  show  the  value  of  the 
"streaming  effect,"  and  Dr.  Adeney  has  made  no  attempt  to  correct  it, 
or  to  replace  it  with  a  more  conservative  computation.  The  Black 
and  Phelps '  formula  has  been  applied  to  the  conditions  existing  in 
New  York  Harbor,  and,  in  conjunction  with  Col.  Black's  excellent 
mathematical  analyses  of  the  tidal  conditions  existing,  has  been  used 
as  a  basis  for  a  computation  of  the  actual  condition  of  the  waters  of 
various  parts  of  the  harbor.  Instead  of  providing  for  60  000  000 
people  without  reduction  of  the  normal  oxygen  of  the  waters,  we  find 
the  effect  of  re-aeration  to  be  practically  negligible.  If  there  be  no 
reduction  from  the  normal  there  will  be  no  re-aeration.  If  30%  of  the 
iiormal  oxygen  of  the  harbor  waters  be  used  up  in  sewage  oxidation, 
so  that  the  waters  stand  at  70%  of  saturation,  the  additional  aeration 
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will  amount  to  less  than  1%  of  saturation  in  12  hours.  Under  these 
conditions,  oxygen  obtained  from  the  atmosphere  by  absorption  would 
care  for  the  sewage  of  about  250  000  people,  out  of  a  total  of  7.4 
millions  which  are  provided  for  by  the  30  per  cent.  The  fact  that, 
with  less  than  this  popvilation  contributing  sewage  to-day,  the  waters 
of  the  harbor  do  not  stand  at  their  normal  oxygen  content,  but  are  on 
the  average  already  reduced  to  approximately  70%  of  saturation,  is 
of  interest.  The  calculated  condition,  assuming  practically  no  re- 
aeration,  agrees  closely  with  the  facts.  A  more  severe  test  of  our  con- 
clusions, however,  is  possible.  The  Metropolitan  Sewerage  Commission 
made  1  870  analyses  for  dissolved  oxygen  in  and  near  New  York  Har- 
bor during  1911,  This  work  was  confined  mainly  to  typical  cross- 
sections.  Table  3  shows  the  original  computations  by  Col.  Black  and 
the  writer,  in  comparison  with  a  summary  of  the  Metropolitan  Com- 
mission's results. 

TABLE  3. — Dissolved  Oxygen  in  New  York  Harbor  Waters. 

A.  Calculated  by  Black  and  Phelps,  February,  1911. 

B.  Analyses   by   Metropolitan    Sewerage   Commission   for  the 

Year  1911,  Reported  August  1st,   1912. 


Location. 

Percentage  of 
saturation. 

A 

B 

Lower  Bay. 

100 
71 

76 
54 

54 

48 

53 
71 

71 
81 

100 

End  of  ebb 

74 

Upper  Bay. 

End  of  flood 

79 

End  of  ebb 

55  56 

Hudson  to  96th  Street. 

End  of  flood 

56 

End  of  ebb 

54 

East  River. 
Mouth  to  Hell  Gate. 
End  of  flood 

65 

End  of  ebb 

57 

Hell  Gate  to  Throg's  Neck. 

End  of  flood     

57 

End  of  ebb 

86 

The  computations  refer  to  the  areas  indicated  in  Table  3,  while  the 
Commission's  figures  are  necessarily  for  cross-sections.  In  each  case 
the  value  for  the  area  in  question  at  the  end  of  the  flood  is  compared 
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with  the  average  figures  for  flood  and  ebb  at  the  cross-section  down 
strojun  from  the  area  in  question;  and  at  the  end  of  tlie  ebb  with  simi- 
hir  values  for  the  cross-sections  up  stream  from  the  area  in  question. 
In  the  single  case  of  the  Hudson  River  at  06th  Street  at  the  end  of  the 
ebb  there  are  no  up-stream  data  available.  The  figure  given  is  the 
average  value  for  the  ebb  flow  at  the  mouth  of  the  Hudson.  Obviously, 
the  character  of  the  water  remaining  in  this  section  at  the  end  of  the 
ebb  is  worse  than  the  average  ebb  flow,  a  fact  which  is  indicated  in 
the  discrepancy  of  these  two  figures.  With  a  single  exception,  the 
remaining  figures  show  a  striking  agreement.  There  is  evidently  some- 
thing wrong  with  our  valvie  at  the  region  of  Hell  Gate,  which  has  influ- 
enced the  computed  value  of  the  ebb-waters  below  Hell  Gate  and  the 
flood-waters  above.  It  might  be  suggested  that  there  is  an  influence 
of  the  Harlem  River  shown  here  which  was  not  properly  taken  into 
account  in  our  computation. 

The  agreement  between  the  computed  and  the  actual  conditions, 
although  gratifying,  is  of  itself  of  little  practical  moment.  Its  value 
lies  in  the  fact  that  it  demonstrates  the  substantial  accuracy  of  the 
methods  which  have  been  used  in  the  analysis  of  this  problem,  and 
makes  it  possible  to  use  this  same  method  in  computing  the  probable 
effect  of  further  increase  in  population,  or  of  the  discharge  of  addi- 
tional quantities  of  sewage  from  regions  not  now  tributary  to  New 
York  Harbor.  All  the  facts  seem  to  support  the  view  that  aeration 
in  New  York  Harbor  is  an  immaterial  factor  in  the  whole  problem 
of  sewage  disposal. 

Upon  the  grounds  of  theory,  experiment,  and  experience,  therefore, 
the  writer,  much  to  his  personal  regret,  finds  himself  obliged  to  differ 
from  Dr.  Adeney,  whose  personal  acquaintance  he  has  the  honor  to 
enjoy  and  for  whose  scientific  work  lie  has  the  most  cordial  regard. 
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Object  of  Tests. 

Recently,  the  attention  of  engineers  has  been  called  to  some 
tests  of  oil-mixed  mortar  and  concrete,*  by  Logan  Waller  Page, 
M.  Am.  Soc.  C.  E.,  which  are  held  to  indicate  that  oil  will  mix  uni- 
formly with  concrete  or  cement  mortar,  forming  what  may  be  termed 
an  emulsion,  and  that  concretes  and  mortars,  thus  mixed  with  certain 
percentages  of  oil,  are  "absolutely  water-tight  under  pressures  as  high 
as  40  lb.  per  sq.  in."  and,  "under  low  pressures,  both  are  water- 
proof." 

In  order  to  determine  whether  these  results  would  hold  true  for 
concretes  mixed  with  western  (asphaltic)  oils,  the  writers  began  a 
series  of  tests  in  February,  1912,  laying  special  emphasis  on  the  ques- 
tion of  permeability  under  pressure. 

Conclusions. 

1. — The  following  experiments,  although  incomplete  and  inconclu- 
sive, indicate  that,  with  western  (asphaltic)  oils,  the  facts  stated  by  Mr. 

Note. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Proceedings,  and,  when  finally  closed,  the 
papers,  with  discussion   in  full,  will  be  published   in   Transactions. 

*  "Some  of  the  Properties  of  (^il-Mixed  IPortland  Cement  Mortar  ami  Concrete," 
Trantiactions,  Am.  Soc.  C.  E.,  Vol.  LXXIV,  p.  255. 
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Page  ill  regard  to  strength  and  water-tightness  of  oil-mixed  concretes 
and  mortars  are  oi^en  to  serious  question,  and  should  not  be  accepted 
in  practice  until  further  experiments  have  demonstrated  their  truth 
more  fully. 

2. — Concrete  and  cement  mortars  with  5,  10,  and  15%  of  oil,  by 
weight  of  cement,  were  found  by  these  tests  to  be  more  permeable 
than  concrete  and  cement  mortars  without  oil,  when  subjected  to  pres- 
sures of  20,  40,  and  60  lb.  per  sq.  in. 

3. — The  strength  of  mortars  was  found  to  be  affected  seriously 
by  the  addition  of  as  low  as  5%  of  oil. 

4. — The  absorption  of  water  by  mortars  under  low  heads  was  found 

to  be  but  little  decreased  by  the  addition  of  light  oils,  and  increased 

with  heavy  oils. 

Description   of   Tests. 

Great  care  was  taken  to  secure  uniformity  of  qualities  and  quantities 
in  all  the  experiments. 

In  the  permeability  tests,  three  specimens  of  each  mixture  were 
tested;  and  in  the  tensile  and  compressive  tests,  either  three  or  six 
specimens  of  each  kind  were  used. 

The  quantity  of  oil  used  in  each  case  was  determined  as  a  per- 
centage, by  weight,  of  the  quantity  of  cement.  It  was  found,  as  staled 
by  Mr.  Page,  that  the  western  (asphaltic)  oils  will  also  readily 
emulsify  with  wet  cement,  cement  mortar,  or  concrete,  and  can  be- 
come mixed  so  thoroughly  in  the  mass  that  on  examination  with  a 
reading  glass  no  unassimilated  globules  of  oil  are  visible.  The  mixture 
has  a  rich  glossy  appearance,  the  oil,  apparently,  has  spread  itself  out 
in  a  thin  film  enveloping  each  particle  of  sand  and  rock.  Even  a  very 
thick  oil — one  which  is  so  viscous  that  when  cold  it  cannot  be 
poured — will  mix  and  disappear  in  concrete  or  mortar  when  it  is  heated 
and  mixed  with  hot  aggregates.  The  amount  of  mixing  was  found 
to  be  a  principal  factor  in  determining  whether  or  not  the  oil  is 
incorporated  completely  and  uniformly  with  the  other  ingredients  of 
a  mortar  or  concrete. 

The  consistency  of  the  concrete  or  mortar  also  governs  the  degree 
of  emulsification;  the  wetter  the  mixture  the  better  the  oil  emulsifies. 

Materials. 
The   oils   used   were   commercial   products   having  trade   names   as 
indicated.     Their  mechanical  analysis  is  shown  in  Table  1. 
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Name. 

Biium6 
gravity. 

Flash  point. 

Bums. 

Asphaltum. 

Boiler  F»iel 

170 
13° 
1(5» 
24" 

0°.9 

174°  Fahr. 
260° 

42% 

400°    Fn.hr 

75% 

210°       "          .HOO" 

52% 

Star  Fuel 

litr)° 

245°        •• 

21% 

92% 

Portland  ceiiiciit  coniplyinj?  with  standard  specifications,  clean  river 
sand,  and  two  kinds  of  river  g-ravcl  were  used  for  the  concretes. 

One  gravel  was  graded  from  1  in.  to  ^  in.,  the  other  from  ^  in. 
down.  The  percentages  of  voids  were:  Sand,  33;  fine  gravel,  37*; 
coarse  gravel,  49.  Portland  cement  and  standard  sand  were  used  in 
all  mortars.  The  proportions  used  for  concrete  were  for  an  aggregate 
of  maxiinuin  density.  The  inechaiiieal  analysis  of  the  aggregate  is 
shown  in  Table  2. 

TABLE  2. — Mkchanical  Analysis  of  Aggregates. 


Diameter,  in  inches. 

Percentage  passing 
through  sieve. 

1.00  

100 

0.50 

72 

0.25  

57 

0.19  

52 

0.06  

41 

0.03  

32 

0022 

25 

0  012 

15 

Methods  of  Mixing. 

Concretes. — The  proportions  of  aggregate  are  by  volumes,  loose. 
The  quantity  of  oil  is  given  as  a  percentage  of  the  weight  of  the 
cement.  The  quantity  of  water  giving  a  quaky  mixture  was  determined 
and  used  thereafter. 

All  mixing  was  done  in  a  box  having  an  approximate  volume  of 
2  cu.  ft. 

The  .>^and.  fine  gravel,  and  cement  were  mixed  in  the  usual  way, 
and  the  oil  was  poured  on  the  wet  mass  and  thoroughly  mixed  in  until 
it  had  completely  disappeared,  as  shown  by  uniform  color  and  absence 
of  oil  spots.     To  this  mixture  the  previously  soaked  coarse  gravel  was 
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then  added,  and  the  whole  was  mixed  again.  In  order  to  insure  uni- 
formity of  mixing,  the  time  of  each  separate  operation  was  fixed  and 
thereafter  followed  according  to  schedule. 

The  most  viscous  oils,  namely,  liquid  asphalt  and  road  oils,  re- 
quired a  larger  percentage  of  water  (for  the  same  consistency)  than 
the  mixtures  using  the  lighter  oils. 

Mortars. — The  proportioning  of  mortars  was  done  by  weight.  Three 
parts  by  weight  of  standard  (Ottawa)  sand  and  one  part  of  cement 
were  mixed  to  normal  consistency;  the  oil  was  then  poured  on  the 
mortar,  and  the  whole  was  mixed  until  the  oil  disappeared  and  the 
resulting  mass  was  of  uniform  color.  The  viscous  oils  required  more 
mixing  than  the  lighter  oils  to  bring  about  this  condition. 

Neat  Cements. — Standard  methods  of  mixing  the  cement  paste  were 
used,  the  oil  being  poured  on  the  wet  paste  and  mixed  as  before 
until  the  mass  was  of  uniform  color.  Apparently  there  is  no  limit 
to  the  quantity  of  oil  that  may  be  used,  as  far  as  emulsification  is 
concerned,  the  cements  containing  the  largest  percentages  of  oil 
emulsifying  as  readily  as  those  containing  smaller  quantities.  The 
oil  and  wet  cement  mix  together  as  perfectly  as  two  grades  of  oil. 

Methods   of   Testing. 

For  tension  and  compression  tests,  the  usual  standard  methods  were 
used.  The  permeability  tests  were  made  with  apparatus  similar  to 
that  used  for  such  tests  at  the  University  of  Wisconsin.  The  apparatus 
consists  of  four  lengths  of  f-in.  pipe  tapped  into  a  horizontal  main. 
Each  of  these  pipes  connects  with  an  18-in.,  glass  water-gauge  fitted 
with  a  calibrated  scale  for  measuring  the  quantity  of  water  between 
certain  heights  shown  on  the  gauge.  On  the  end  of  each  vertical 
pipe  there  is  a  union  for  connecting  the  specimen  holder.  These  hold- 
ers are  of  6-in.,  threaded,  wrought-iron  pipe,  11  in.  long,  fitted  with 
cast-iron  caps  which  screw  down  on  a  rubber  gasket,  thus  making  a 
water-tight  joint.  A  f-in.  pipe  from  this  cap  connects  with  the  union 
previously  mentioned. 

After  the  specimens  are  connected  up,  water  is  let  in  from  the  top, 
through  a  valve  on  the  horizontal  pipe,  until  it  stands  at  a  certain 
height  on  the  gauge  glass.  The  pressure  is  applied  by  compressed  air, 
which  is  kept  constant  by  two  supply  tanks  and  is  gauged  at  its  en- 
trance to  the  apparatus. 
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/Iron  Casting 


A  valve  is  placed  between  each  specimen  and  the  horizontal  main, 
so  that  a  leaky  or  broken  specimen  can  be  shut  off  without  disturbing 
the  test  of  the  other  specimens. 

The  permeability  specimens  were  made  in  the  holders  previously 
mentioned,  Fig.  1.  The  concrete  specimens  were  G  in.,  and  the  mortar 
specimens  3  in.,  thick.  Before  the  concrete  or  mortars  were  put  in 
place,  a  ^-in.  lining  of  neat  cement  was  plastered  on  the  inside  of 
the  pipe,  which  insured  a  perfectly  tight  bond. 

All  specimens  stood  dry  for  24 
hours  after  mixing;  water  was  then 
put  on  top  of  the  specimen  until 
the  test  was  made. 

The  top  and  bottom  surfaces 
of  each  specimen,  before  being  at- 
tached to  the  testing  machine, 
were  chipped  uniformly  by  hand 
tools,  in  order  to  provide  for  each 
specimen  a  surface  as  nearly  uni- 
form as  possible. 

Results  of  Tests. 
Time  of  Set. — It  was  found 
that,  with  oil-mixed  specimens,  the 
time  of  setting  was  retarded,  in 
both  the  initial  and  final  set. 
These  tests  were  made  with  the 
Vicat  needle  according  to  the 
Standard  Specifications.  The  oil 
used  was  an  average  middle-grade  pig.  i. 

oil.     Table  3  gives  the  time  of  initial  and  final  set  for  various  per- 
centages of  oil. 

TABLE  3. — Time  of  Initial  and  Final  Set. 


I  Tool  chipped  surface  i 

1  .  I 

CROSS  SECTION  OF 
PERMEABILITY  TEST  SPECIMEN 


Percentages  of  oil. 

Initial    set, 
in  houis. 

Final  set, 
in  hours. 

0 

4. 

5.20 
5.80 
6.80 
12.20 

5.20 

5 

6. 

10 

r.3o 

15 

9.. 50 

25 

36. 

560 
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These  results  confirm  the  observations  of  Mr.  Page.*  A  theory  may 
be  advanced  that  the  time  of  setting  is  retarded  and  the  strength  is 
decreased,  due  to  the  fact  that  the  oil  film  separates  particles  of 
cement  from  each  other,  so  that  there  is  not  the  complete  intimate 
association  of  every  particle  of  cement,  as  there  is  in  a  mixture  with- 
out oil. 

Tensile  Strength. — Either  three  or  six  specimens  of  each  kind 
were  broken.  All  tests  were  made  on  specimens  set  24  hours  in  moist 
air,  the  remainder  of  the  time  under  water.  Table  4  gives  the  strength 
and  relative  values  of  specimens  having  various  percentages  of  oil. 

TABLE  4. — Tensile  Strength  of  1 :  3  Mortar. 
Averages  of  three  or  more  briquettes. 


Percentage  of 

7  Days. 

28  Days. 

oil. 

Pounds  per 
square  inch. 

Relative 
strength. 

Pounds  per 
square  inch. 

Relative 

strength. 

0 

324 
260 
192 
170 
137 
170 
146 
141 

Percentage. 

KJO 
80.3 
59.3 
52.5 
42.3 
52.5 
45.0 
43.5 

430 
335 
303 
225 
213 
273 
184 
220 

Percentage. 
100 

5  BoUerFuel 

10             "          

15            "          

25             "          

Richmond  Fuel,  10. . 

Road  No.  6,  10 

Liquid  Asphalt.  10.. 

78 

70.5 

52.4 

49.6 

63.5 

42.8 

51.2 

Crushing  Strength. — All  compressive  specimens  were  made  of  1 :  3 
mortar  in  3-in.  cubes.  Specimens  stood  24  hours  in  moist  air;  the 
remainder  of  the  time  before  testing  they  were  under  water.  All 
tests  were  made  on  an  electrically-driven  machine,  the  load  being 
applied  slowly.  In  every  test  the  specimens  failed  regularly,  the  sides 
sloughing  off  uniformly.  In  Table  5,  are  given  the  compressive 
strengths  and  relative  values  of  oil-mixed  specimens  compared  with 
plain  or  no-oil  mortar. 

Absorption. — Mortars  containing  percentages  of  middle-grade  oil  up 
to  25  were  slightly  less  absorptive  than  plain  mortars,  the  absorption 
decreasing  with  the  increase  in  the  percentage  of  oil.  The  specimens 
containing  heavier  oils  showed  an  increa.se  in  absorption. 


*  Loc.  cit.,  p.  258. 
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It  was  found  tliat  at  the  end  of  24  liours  the  mortars  had  reached 
just  nlxiut  iTiiuplete  absorptinu.  At  llic  end  n\'  72  hours  tlie  weight 
had  only  increased  a  iicfilijiildc  frat'tion  over  that  at  the  en<l  of  24  liours. 

r.MlLK   5. — 28  AND  50-Day   Compression   Tksts: 
3-Inch  Cubes  of  1 : 3  Mortar. 


Percentage  of 

2S  Days. 

50  Days. 

oil. 

Pounds  per 
square  inch. 

Relative  value. 

Pounds  per 
square  inch. 

Relative  value. 

0 

5  Boiler  Fuel 

10            "         

15             "         

25             '•         

Richmond  Fuel.  10. . 
Road  Oil  No.  6,  10... 
Liquid  Asphalt,  10. . 

3  950 
2  435 
1  780 
1  460 
712 
1  MO 
1  235 
1  080 

Percentage. 
100 
61.6 
45.1 
37.0 
18.3 
41.5 
31.2 
27.4 

4  400 
8  630 
2  4C0 
2  000 
1  000 

Percentage. 
100 
82.4 
56 
45.5 
22.8 

Table  6  gives  the  results  of  the  absorption  tests. 

TABLE  6. — Kesults  of  Absorption  Tests,  with  1 :  3  Mortar, 
35  Days  Old. 


Percentage  of  oil,  weight  in  gramiues. . . 

Weight  after  heating 

Weight  after  24  hours  in  water 

Weight  after  72  hours  in  n-ater 

Gain  in  weight  in  34   hours 

Percentage  of  gain  in  water  in  34  hours. 


Boiler  fuel  oil. 


0  5    I     10    I     15         25         10         10         10 

140       131.7    142        Iffi        134        109       204  139 

143.5    134. 3|   145.2]  137.5    136       305.8    110.5  144.5 
negligible  gain  over  24  hours  immersion. 

3.51     2.5       3.2       2.5       2       I     6.8  I     6.5  I  5.5 

2.5     1.97     2.26     1.85     1.49|    3.42|    3.19|  3.96 


— 

_ 

§^ 

0,n 

sn 

"O  A 

tfc 

oZ 

03 

« 

10 

10 

109 

204 

305.8 

110.5 

Permeahility  Tests. — The  permeability  tests  were  made  with  the 
specimens  heretofore  described;  at  the  end  of  20  days  with  concrete, 
and  10  days  with  mortar.  Three  of  each  were  tested,  and  the  average 
value  was  taken,  except  in  some  cases  when  the  specimens  proved  to 
be  faulty.  Water  pressure  was  applied  on  concrete  for  periods  of 
4  hours  each  under  pressures  of  20,  40,  and  60  lb.  per  sq.  in.,  and  finally 
a  4-day  test  under  15  lb.  per  sq.  in.  was  run.  With  mortar  specimens, 
10-  and  20-lb.  pressures  were  applied  for  4  hours  under  each  pressure. 
Tables  7,  8,  and  9  give  the  number  of  cubic  centimeters  of  water 
passed  through  the  sj^ecimens  under  the  various  pressures. 
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TABLE  7.- — Permeability  Tests  of  1:3:4  Concrete. 
All  specimens  under  pressure  for  4  hours. 


Kind  of  oil. 

Percentage 
of  oil. 

Cubic  Centimeters  of  Water 
Passed  Through. 

Set. 

20  lb.  per 
sq.  in. 

40  lb.  per 
sq.  in. 

60  lb.  per 
sq.  in. 

A* 

None 

0 
5 

10 
15 

0 
5 
10 
15 

0 
5 
10 
15 

64 
137 
119 

66 

32 
143 

68 

87 

40 
42 

47 
38 

80 

114 

72 

62 

41 

128 
65 
119 

41 
53 
43 

40 

83 

A 

108 

A 

53 

A 

11         ii. 

38 

H 

60 

/? 

Boiler  Fuel 

160 

B 

B 

It                  u 

150 

C 

None 

105 

C 

Boiler  Fuel 

150 

C 

110 

C 

iL                   u 

108 

Average  of  B  and  C.f 


0 
5 
10 
15 

36 
42 
57 
62 

41 
53 

79 

82 
155 

95 

u              u 

129 

D 

None 

0 
0 
0 

10 

10 
10 

10 
10 

10 
10 
10 

10 
9 
11 

24 

20 
29 

68 
56 

22 
21 
23 

12 
10 
10 

31 
25 
37 

85 
70 

23 
23 
25 

13 

D 

10 

D 

1. 

9 

E 

Richmond  Fuel 

41 

E 

28 

E 

11             i^ 

44 

F 

Road  Oil  No  6 

75 

F 

53 

a 

Liquid  Asphalt 

33 

G 

32 

G 

.1           1. 

38 

*  Set  A  stood  dry  24  hours  before  testing.    As  the  results  for  increasing  pressure  do 
not  agree  with  B  and  6',  they  have  been  omitted  in  taking  the  average, 
t  B  for  5%  was  thrown  out  as  defective. 

TABLE  8. — 4-Day  Permeability  Tests,  1:3:4  Concrete  Under 
Pressure  of  15  lb,  per  sq.  in.  on  Best  Average  Specimen  of 
Each  Set. 


Kind  of  oil. 

Percentage  of  oil. 

Cubic  centimeters  of  water 
passed  through. 

0 
10 
10 
10 

38 

Richmond  Fuel 

62 

Road  oil  No.  6 

87 

Liquid  Asphalt 

185 
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TABLE  9.— Pkrmkauilitv  Tests,  1:3  Mortar. 
Average  of  three  specimens.    Each  pressure  on  4  hours. 


Cubic  Ckntimbjters  op  Water  Passed  Through. 

Kind  of  oil. 

10  lb.  per  sq.  in. 

20  lb.  per  sq.  in. 

No  oil 

0 
4.0 

1 

Star  Fuel 

4.6 

Richmond  Fuel 

11  5 

Summary  of  Conclusions. 

The  following  conclusions  are  drawn  from  the  results  of  these 
investigations  with  asphaltic  oils : 

1. — Oil-mixed  concrete  containing  5,  10,  or  15%  of  oil,  by  weight 
of  cement,  is  more  permeable  under  pressures  from  20  to  60  lb.  per 
sq.  in.,  than  concrete  without  the  incorporated  oil,  and  oil-mixed 
mortar  containing  10%  of  oil  is  more  permeable  than  plain  mortar 
under  pressures  of  10  and  20  lb.  per  sq.  in. 

2. — Oil-mixed  mortars  containing  percentages  of  oil  up  to  25  show 
slightly  less  absorption  of  water  than  plain  mortar,  except  that  with 
the  most  viscous  oils  the  mortar  becomes  more  absorptive,  and  absorp- 
tion is  not  an  index  of  the  permeability.  The  absorption  decreases 
with  the  increase  in  the  quantity  of  oil. 

3. — The  tensile  strength  of  oil-mixed  mortar  is  decreased  con- 
siderably below  that  of  plain  mortar.  The  strength  decreases  with 
the  increase  in  the  quantity  of  oil. 

J^. — The  compressive  strength  of  oil-mixed  mortars  follows  lines 
similar  to  those  of  the  tensile  strength,  but  with  a  greater  decrease  in 
strength  with  the  quantity  of  oil. 

5. — The  strength  decreases  with  the  viscosity  of  the  oils,  and  with 
the  most  viscous  oils  it  requires  considerably  more  water  to  keep  a 
mixture  at  normal  consistency  than  is  required  in  the  fluid  oil 
mixtures. 

6. — The  relative  decrease  in  strength  with  the  increase  in  the  quan- 
tity of  oil  in  mortars  is  less  in  50  than  in  28  days. 

The  writers  wish  to  acknowledge  their  indebtedness  to  Professor 
C.  B.  Wing,  M.  Am.  Soc.  C.  E.,  for  his  aid  and  advice  in  the  work,  and 
to  the  Standard  Oil  Company  of  San  Francisco  for  its  courtesy  in 
furnishing  the  oil  samples. 
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EXPERIMENTAL    DETERMINATION    OF    LOSS    OF 

HEAD  DUE  TO  SUDDEN  ENLARGEMENT 

IN  CIRCULAR  PIPES.* 


By  W.  H.  Archer,  Esq. 


This  paper  presents  a  suininary  of  the  experimental  data  and  compu- 
tations therefrom  obtained  in  a  series  of  tests  to  determine  the  loss 
of  hydraulic  head  due  to  sudden  enlargement  in  cross-section  of  circular 
pipes.  The  question  arose  in  connection  with  the  theory  of  the  jet 
pump,  and  its  investigation  as  a  thesis  led  to  some  interesting  con- 
clusions which  are  herein  set  forth.  Observations  were  made  during 
December,  1911,  and  January  to  March,  inclusive,  1912,  at  the  Hydrau- 
lic Laboratory,  University  of  California. 

Theory. 
Theoretically,  the  determination  of  loss  of  head  in  liquids  due  to 
sudden  enlargement  in  cross-section  is  simple  and  apparently  exact. 
It  is  perhaps  for  this  reason  that  little  experimental  work  has  been 
done  to  determine  the  actual  losses.  For  convenience,  this  theory  is 
liero  given,  and  is  as  follows : 

Let  V,  =  velocity,  in  feet  per  second,  at  outlet  of  smaller  pipe; 
a,  =  cross-sectional  area,  in  square  feet,  at  outlet  of  smaller 

pipe; 
Pj  =:  pressure,  in  pounds  per  square  inch,  at  outlet  of  smaller 

pipe; 


♦This  paper  will   not  be  presented  at  any  meeting,   but  written  communications 
on  the  subject  are  invited  for  publication  with  it  in  Transactions. 
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y  =  density  of  water,  in  pounds  per  cubic  foot. 

Then  —  =  pressure  head,  in  feet  of  water  ; 
7 

v^  =  velocity,   in   feet  per  second,   in  large  pipe,   at  section 

where  p^  is  a  maximum; 
^2  =  maximum  pressure,  in  pounds  per  square  inch,  in  larger 

pipe; 
Oo  ^  cross-sectional    area,    in    square    feet,    where    p^    is    a 

maximum; 
/./;.  =  theoretical  lost  head,   in  feet  of  water,  due  to  sudden 

enlargement ; 
Q  =  quantity  of  water  flowing,  in  cubic  feet  per  second. 


Fig.  1. 


The  energy  relation  is: 


2fir         2r/  y 


r 


V2—^\_'^h 


,.2 


y  2(ir 

The  momentum  relation  is  as  follows : 


l.h 


(1) 
(2) 
(3) 


Q 


Force  =  change  in  momentum,  or  (Pj  —  Pi)  03  =       ('",  —  ^2)  ....  (4) 
By  combining  Equations  (3)  and  (4)  and  making  continuity  substi- 
tutions, it  is  seen  that 

<".-"»»'  (,,) 


l.h.  = 


2.^ 


or,  in  another  form. 

--i^o-t)' ; <:'' 

The  equation   for   the   value   of   the   actual   experimental   loss   will 
probably  be  of  the  form. 


L.H. 


_C^f/-^V (7) 
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C  and  »  being  empirical  coefficients,  to  determine  the  value  of  which 
under  various  conditions  was  the  purijose  of  the  work  described. 

Equipment  Used. 

Pipes. — Four  sizes  of  commercial,  smooth,  brass  pipes  were  used, 
ranging  from  1  to  3  in.  in  diameter,  all  being  ^^  in.  thick  and  4  ft 
long.  The  ends  were  madiiiuMl  scjuare  and  even,  and  burrs  were  re- 
moved with  emery  paper. 

Flanges. — Connections  were  made  with  cast-iron  flanges,  8  in.  in 
diameter  and  i  in.  thick,  machined  to  make  a  water-tight  friction  fit 
over  the  ends  of  the  brass  pipe,  on  which  they  were  driven  until  just 
flush.     Flanges  were  bolted  together  with  gaskets  between. 

-  No.  1 1  Brass 


^?6'i: 


Horizontal    Section 
A 


Vi^ 


uu 


DETAILS  OF 
ENLARGEMENT 

AND 
PRESSURE  TAPS 


Section  of  Pressure  Tap 


Cross-Section 
Fig.  2. 


Pressure  Taps. — Taps  were  inserted  in  the  sides  of  the  pipe,  by 
which  internal  pressures  were  obtained.  Taps  No.  0  in  the  small 
pipe  were  6  in.  from  the  plane  of  enlargement  and  on  opposite  sides 
of  the  pipe.  Taps  in  the  larger  pipe  were  0.1,  0.2,  0.4,  0.7,  1.0,  1.5, 
2.0,  2.75,  and  3.5  ft.  from  the  plane  of  enlargement,  and  were  alternated, 
that  is.  No.  2  on  one  side.  No.  3  on  the  opposite  side,  etc.  Taps  were 
made  by  drilling  ^^-in.  holes  (care  being  taken  to  drill  into  wood  so  as 
to  leave  no  burrs  inside)  and  then  soldering  over  these  holes  pieces 
of  i-in.  brass  tube  1^  in.  long  (Fig.  2).  Rubber  tubing  connected 
these  to  the  manifold  and  pressure  columns. 
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Manifold. — The  manifold  consisted  of  twelve  ^-in.  air-cocks  screwed 
into  a  piece  of  ^-in.  brass  tubing  10  in.  long.  Five  cocks  were  placed 
on  each  side  for  the  connections  from  the  pressure  taps  in  the  pipe, 
and  one  was  put  on  each  end  for  the  pressure  column  connections. 

Pressure  Columns  or  \J-Tuhes. — -Connections  were  made  for  using 
either  of  two  U -tubes,  depending  on  the  magnitude  of  pressure  dif- 
ference. One  tube,  with  arms  about  3  ft.  long,  partly  filled  with 
mercury,  was  used  for  large  diiferences  in  pressure.  The  other,  having 
a  short  arm,  3^  ft.,  and  a  long  arm,  5  ft.  in  length,  was  partly  filled 
with  carbon  tetra  chloride  colored  red  with  an  aniline  dye.  Both 
U-tubes  were  made  entirely  of  :i-in.  glass  tubing,  it  being  found  that 
the  carbon  tetra  chloride  acted  on  the  rubber,  causing  it  to  swell  until 
the  passage  was  closed. 


DIAGRAM   OF 
PRESSURE  CONNECTIONS 


Fig.  3. 


In  order  to  obtain  a  good  meniscus  on  the  surface  of  carbon  tetra 
chloride  it  is  necessary  that  the  glass  be  absolutely  clean.  This 
cleaning  was  done  with  a  saturated  solution  of  bichromate  of  potash 
one  part,  sulphuric  acid  three  parts  and  then  diluting  with  six  parts 
of  water.  It  was  found  necessai-y  to  flush  all  parts  of  the  U-tube  with 
running  water  to  remove  the  cleaning  solution  thoroughly,  otherwise 
a  bothersome  scum  was  formed  on  the  surface  of  the  carbon  tetra 
chloride. 

Bleeder  cocks  were  placed  at  the  upper  ends  of  each  arm  of  the 
U-tubes,  to  allow  for  the  expulsion  of  air  from  the  tubes  and  connec- 
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tions.  Tho  sc'iilcs  lictwct'ii  tlic  aims  of  the  U-tubes  were  graduated 
in  inches  and  tentlis. 

Water  Stipph/- — Water  was  obtained  for  the  experiments  through 
a  liorizoiital  4-iii.  pijx'  about  75  ft.  long  leading  from  tlie  laboratory 
stand-pipe,  whieh  is  4  ft.  in  diameter  and  36  ft.  high  (Pla.te  XLIV, 
Fig.  2).  The  heiglit  of  water  in  tlie  stand-pipe  was  maintained  with  a 
motor-driven  Quiniby  screw  pump  (Plate  XLIV,  Fig.  1),  the  two  cyl- 
inders working  in  series,  and  drawing  water  from  the  main  storage 
reservoir,  which  is  a  concrete  tank,  18  ft.  square  and  10  ft.  deep,  located 
benea.th  the  floor.  Water  is  kept  at  varying  heights  by  overflows  from  the 
stand-pipe  through  any  required  gate  in  the  side  thereof,  such  water 
returning  to  the  storage  reservoir. 

Quantity  Measurements.— The  water  was  taken  from  the  throttle 
valve,  at  the  ovitlet  end  of  the  large  brass  pipe,  into  a  2J-in.  pipe  which 
led  to  a  Y-  One  arm  of  the  Y  discharged  into  a  galvanized-iron  tank 
on  platform  scales,  and  the  other  discharged  either  into  the  main 
reservoir  or  into  a  calibrated  measuring  tank,  depending  on  which 
way  the  hinged  piece  of  pipe  at  the  end  was  swung. 

The  tank  on  the  scales,  with  a  capacity  of  about  25  cu.  ft.,  was 
used  for  measuring  small  quantities  of  water.  It  was  emptied  into 
the  main  reservoir  by  a  quick-opening  valve. 

Larger  quantities  were  measured  in  the  calibrated  concrete  tank, 
7  ft.  square  and  10  ft.  deep,  using  a  hook-gauge.  A  centimeter  scale 
on  the  hook-gauge  was  used  for  a  few  readings,  and  an  inch  scale 
for  the  remainder.  This  tank  was  also  emptied  into  the  main  storage 
reservoir  by  a  4-in.  motor-driven  centrifugal  pump. 

Preliminary  Observed  Data. — Due  to  the  fact  that  the  iron  flanges 
were  driven  on  the  brass  pipes,  the  end  diameter  was  slightly  de- 
creased in  some  cases.  The  central  diameter  is  taken  as  the  diameter 
before  the  flanges  were  put  in  place.  All  measurements  were  made  with 
micrometer  calipers. 


No.  of  pipe. 

Average  Diameter,  in  Inches. 

Average  Areas,  in  Square  Feet. 

Inl«t. 

Center. 

Outlet. 

Inlet. 

Center. 

Outlet. 

1 

'  V.735' ' 
2.488 
2.983 

0.992 
1.745 
2.495 
2.994 

0.982 
1.730 
2.486 
2.993 

ppp: 

0.00515 

O.OIfifil 

:  0.03395 

1  0.04885 

0.00526 

2 

0.01631 

3 

0.03368 

4 

0.04885 
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Letting  a^  represent  the  outlet  area  of  the  small  pipe  and  a^  the 
central  area  of  the  large  pipe,  the  following  values  were  taken : 

No.  1  a,  =  0.00526;  a,  =  0.00545 

No.  2  a,  =:  0.01631;  a^  =  0.01661 

No.  3  a,  =  0.03368;  a,  =  0.03395 

No.  4  a,  =  0.04885;  a^  =  0.04885 

Specific  Gravity  Determination  of  Carbon  Tetra  Chloride. — The 
specific  gravity  of  the  carbon  tetra  chloride  was  found  by  taking 
the  ratio  of  the  length  of  column  of  water  in  one  arm  of  a  U-tube  to 
the  length  of  column  of  carbon  tetra  chloride  in  the  other  arm  which 
balanced  it. 

The  average  value  of  four  determinations  for  all  the  experiments 
was  1.601,  with  the  exception  of  the  If  to  2i-in.  combination  of  pipes, 
the  specific  gravity  for  which  (average  of  three  determinations) 
was  1.570. 

These  values  were  used  in  computing  the  pressure  change,  — ? 

r 

as  follows : 

Let  S      =  specific  gravity  of  liquid  in  U-tube; 

Let    fj   =  scale  reading  in  arm  of  U-tube,  where  pressure  =  Pj ; 

Let   £/.,  =  scale  reading  in  arm  of  U-tube  connected  to  tap  where 

pressure  ^=  p^. 
Then : 

If    t/j    is   greater   than    U^,   the   column   of   liquid   of   length 
U^   —   Ur,   is   balanced  by  a  column   of  water  of  length 

U.  -  U,  and  by  ^iZZZl. 

r 

Therefore : 

r 

In  all  the  determina.tions,  the  zero  positions,  U^,  of  the  liquid  in  the 
columns  were  carefully  noted  where  p^  =  p^,  or  when  no  water  was  flow- 
ing. Then,  in  most  observations,  U^  only  was  read;  and,  in  nearly 
all  computations,  U^  —  U^  was  taken  as  being  2  (U^  —  Uq).  Under 
the  circumstances,  this  was  considered  more  accurate  because  there  was 
a  perfect  meniscus  in  the  arm,  U^,  while  the  surface  in  the  arm,  U^, 
was  broken  and  irregular.  Some  readings  of  U^  were  taken  occasion- 
ally as  a  check. 
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Tables  1  to  5,  inclusivo,  show  the  values  of  — —  computed  from 

y 

readings  of  ?7,  and   U^,  and   the  relation  between  velocity  and  — ■' 

at  different  points  along  the  length  of  the  large  pipe  is  shown  graphic- 
ally on  Figs.  4  to  8,  inclusive. 

Miscellaneous  Data  and  Constants. — 

Specific  gravity  of  mercury 13.58 

Density  of  water 02.3     11).  jier  ou.  ft. 

Measuring  tank  constants : 

1  cm.  gauge  height 1.523  cu.  ft. 

1  in.    gauge   height 3.868    "     " 

Head  in  stand-pipe  above  apparatus: 

No.  7,  Head 19  ft. 

No.  8,      "      25    " 

No.  9,       "      31    " 

Method  a\d  Order  of  Taking  Observations. 

The  Quimby  screw  pump  was  started,  and,  when  the  water  was 
overflowing  at  the  desired  gate  in  the  stand-pipe,  the  maximum  range 
of  ?7j,  the  scale  reading  in  the  arm  of  the  U-tube  connected  to  the 
small  pipe,  was  determined  for  maximum  velocity  and  for  some  pres- 
sure tap  in  the  large  pipe  where  p,  ^^s  near  a  maximum,  say,  Tap  No.  6. 
Then,  as  it  was  intended  to  make  observations  for  about  ten  different 
velocities  for  each  combination,  this  range  of  U^  was  divided  into  ten 
steps,  and  the  velocity  for  each  determination  was  to  be  regulated  by 
the  gate-valve  at  the  outlet  end  of  the  large  pipe,  so  that  for  each 
successive  trial,  and  for  pressure  Tap  No.  6,  the  value  of  C/^  would  in- 
crease by  about  one-tenth. 

When  the  velocity  had  been  thus  regulated,  the  initial  position  of 
the  surface  of  the  water  in  the  measuring  tank  was  observed  with  a 
hook-gauge. 

The  hands  of  a  watch  were  then  set  at  some  even  hour,  and  the 
instant  when  the  second  hand  was  at  60  the  swing  pipe  was  turned  so 
as  to  divert  the  water  from  flowing  into  the  main  reservoir  and  into 
the  measuring  tank. 

While  the  water  was  flowing  into  the  measuring  tank  at  a  constant 
velocity,  readings  of  U^  and  U^  were  taken,  when  the  various  cocks  in 
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CHANGE  OF  PRESSURE  CURVES 
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Area  Ratio  =  1.451 
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CHANGE  OF   PRESSURE  CURVES 
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the  manifold  were  turned  so  as  to  connect  pressure  taps  No.  1,  No.  2, 
No.  3,  etc.,  successively.  Then,  at  the  end  of  an  even  number  of 
minutes,  the  water  was  diverted  back  into  the  storage  reservoir  and  the 
hook-gauge  was  set  approximately  right. 

The  adjustments  of  velocity  for  the  next  trial  were  then  made  while 
the  surface  of  the  water  in  the  measuring  tank  was  coming  to  rest. 
Before  tliis  wa.>^  done,  however,  the  controlling  gate-valve  was  entirely 
closed  and  the  reading  U^  taken.  If  the  liquid  in  the  two  columns 
did  not  come  to  the  same  level,  it  showed  the  presence  of  air  in  the 
pressure  connections,  and  doubt  was  east  on  the  accuracy  of  the  previous 
observations.  The  air  was  then  expelled  by  opening  the  bleeder  cocks 
at  the  tops  of  the  U-tube.  The  velocity  was  regulated  as  before,  the 
final  tank  gauge  reading  was  taken,  and  the  next  observation  continued 
as  before.  Only  two  or  three  times  during  the  experiment  did  the 
two  column  arms  fail  to  balance  because  of  the  presence  of  air. 
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CHANGE  OF   PRESSURE  CURVES 
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FlQ.  8. 
The  mercury  column  was  used  but  little,  as  nearly  all  the  readings 

were  within  the  range  allowed  by  the  long  arm  of  the  carbon  tetra 

chloride  column,   and  because   the  readings   of  the  mercury   column 

were    subject    to    inaccuracy    as    the    rubber    tube    leading    to    the 

U-tube  came  from  the  top  of  the  manifold  so  that  it  would  catch  any 

air  that  might  leak  into  the  manifold  or  tubes  connected  thereto. 

Friction  Corrections  and  Computation  of  Lost  Head. 
The  experimentally  determined  value  of  change  in  pressure  head 
includes  the  loss  of  head  due  to  friction  in  6  in.  of  the  smaller  pipe 
and  in  the  length,  X,  of  the  larger  pipe,  where  X  =^  the  distance  from 
the  plane  of  enlargement  to  the  point  of  maximum  pressure,  p^. 
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To  correct  for  this,  the  friction  slope  for  each  pipe  was  computed  for 
several  velocities,  and  lines  were  plotted  on  logaxithmic  paper  show- 
ing the  value  of  the  slope  for  any  velocity  in  any  of  the  pipes  used. 

The  formula  adopted  was  :* 

V 


^(^0.54  __ 


1.32  Cr"-6* 

S       =  fall,  in  feet,  in  friction  gradient  per  foot  of  length; 
V       =  velocity,  in  feet  per  second  ; 
C       =  constant,  depending  on  surface  of  pipe  ; 

r       =  hydraulic  radius  =    /  —  )  feet  for  pi2)e8. 

The  value  of  C  given  by  Williams  and  Hazen  for  smooth  brass 
pipes  is  from  1.35  to  1.45;  1.40  was  taken. 

This  formula  is  based  on  experimental  workf  done  by  A.  V.  Saph, 

M.  Am.  Soe.  C.  E.,  and  E.  W.  Schoder,  Assoc.  M.  Am.  Soc.  C.  E. 

For  brass  pipes  they  found: 

0  296 
JI—  -j^-^  7'-75  =  7%,  where  II  is  the  head  lost  per  1  000  ft.  and 

(/  is  the  diameter,  in  feet.  The  accuracy  of  the  corrections  is  indicated 
by  the  fact  that  the  experimentally  determined  hydraulic  gradients 
(Fig.  10)  become  horizontal  when  thus  corrected. 

Computation  of  Lost  Head. — Using  the  following  notation : 
v^  =  velocity  of  water  in  small  pipe; 
v^  =  velocity  of  water  in  large  pipe; 
Oj  and  0,,  ^  respective  cross-section   areas,  in  square  feet; 

(J  =  acceleration    due   to   gravity   =   32.2   ft.   per   second   per 

second; 
h  =  total  friction  head  correction; 

— i  =  measured  change  in  pressure  head  ; 

r 

L.H.  =  actual  experimental  lost  head  due  to  sudden  enlargement. 
2g  y 

Therefore  L.H.  =  ^  (l  -  ^^  -  ^"^^^^^  -  /.- 

*  Taken  from  Williams  and  Hazen's  "  Hydraulic  Tables." 

+  Transactions,  Am.  Soc.  C.  E.,  Vol.  LI,  p.  253.  • 
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Using    this    formula,    the    results    are    shown    in    Tables    G    to    10, 
inclusive. 

TABLE  6. 
dj  =  2.486  in.;  d^  =  2.944  in.     Area  ratio  =  1.451. 


Trial. 

(from  data). 

1*2 

(from  data). 

Pi—Vx 

y 
(from  data). 

L.H. 

(computed). 

1 

2 

8 

4 

5 

6 

7 

8 

9 

3.885 
7.S80 
11.060 
18.810 
5.970 
10.000 
13.1)20 
14.590 
16.580 

2.680 
5,220 
7.620 
9.180 
4.120 
6.<.)00 
8.980 
10.060 
11.440 

0.072 
0.301 
0.648 
0.967 
0.187 
0.535 
0.916 
1.174 
1.520 

0.038 
0.098 
0.212 
0.280 
0.060 
0.163 
0.286 
0.380 
0.489 

TABLE  7. 
d,  =  1.730  in.;  d^  =  2.495  in.     Area  ratio  =  2.077. 


Pi -Pi 

Trial. 

(from  data). 

(from  data). 

y 
(from  data). 

L.H. 

(computed). 

1 

3.82 

1.837 

0.0513 

0.108 

2 

8.00 

3.842 

0.4160 

0.259 

3 

10.34 

4.970 

0.700 

0.434 

4 

12.53 

6.020 

1.04 

0.624 

5 

14.35 

6.900 

1.395 

0.787 

6 

16.00 

7.690 

1.738 

0.977 

7 

IT. 38 

8.86 

2.095 

1.120 

8 

18.61 

8.94 

2.375 

1.319 

9 

20.03 

9.63 

2.755 

1.515 

10 

21.05 

10.12 

3.03 

1.694 

TABLE  8. 
dj  =  1.730  in.;  d^  =  2.944  in.     Area  ratio  =  2.995. 


Trial. 

r, 
(from  data). 

(from  data) . 

P2  —  Pl 

y 
(from  data). 

L.H. 

(computed). 

1 

2 

3 

4 

5 

6 

H.'.'.'.'.'. 

9 

10 

11 

5.41 
7.52 
10.25 
12.96 
15.28 
17.12 
18.77 

2V.'\2 

1.088 

2.510 

3.424 

4.83 

5.105 

5.72 

6.27 

'7!655 

7!996 

0.163 

0.351 

0.660 

1.090 

1.55 

l.»4 

2.41 

3.05" 

'4 '.19' 

0.208 
0.885 
0.660 
1.033 
1.411 
1.775 
1.982 

'2!635 

's'.ioo 
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TABLE  9. 
d^  =:  0.982  in.;  d^  —  2.495  in.     Area  ratio  =  6.46. 


Trial. 

(from  data). 

(from  data). 

P2—P1 

y 
(from  data). 

L.H. 

(compuied). 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

7.02 

23.90 
24.58 
25.12 

■25182 
23.97 

1.086 

"3!3i' 

3.70 

3.805 

3.890 

"4!66" 

4.48 

0.127 

' 1.640 
2.120 
2.210 
2.310 

"2!39' 
3.20 

0.510 

"4!420 
5.461 
5.816 
6.072 

■6"488 
8.006 

TABLE  10. 


f?l 

=  0.982  in.;  d^  =  2.994  in. 

Area  ratio  = 

9. .32. 

Trial. 

(from  data). 

(from  data). 

Pi—Pi 

y 
(from  data). 

L.H. 

(computed). 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

6.919 
10.37 
13.06 
14.73 
16.41 
Near  duplicate  0 

25.03 
Near  duplicate  0 

27.23 
31.58 

0.744 

1.17 

1.40 

1.58 

1.77 

'  other  trial. 
2.69 

f  other  trials. 

2.93 
3.40 

0.0803 

0.219 

0.380 

0.514 

0.680 

1.75 

2.12 
2.92 

0.555 
1.209 
1.894 
2.. 384 
2.923 

6.721 

7.854 
10.646 

Determination  of  Formula  for  Lost  Head. 

These  values  of  v^  and  lost  head,  Tables  6  to  10,  inclusive,  were 
plotted  three  times,  independently,  on  logarithmic  cross-section  paper. 

The  plotted  points  determined  lines  which  were  not  only  straight 
but  nearly  parallel,  which  indicated  that  the  lost  head  varied  as  a 
constant  power  of  the  velocity.  The  value  of  this  exponent  (n)  which, 
of  course,  was  the  tangent  of  the  angle  of  inclination  of  the  parallel 
lines  with  the  velocity  axis,  was  1.919,  and  was  determined  by  taking 
an  average  of  the  fifteen  values  obtained  by  the  three  trials  of  plotting 
of  five  lines  each.     In  short,  L.H.  varied  as  Vj^-^'^. 

Also  :  because,  by  theory,  l.Jt.  =  -r—  1  1  — — ^  )   ,  assume  that 


'1 

2f/ 


L.H 
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'J'liis  relation  was  proven  to  be  true  by  plotting  on  logarithmic  cross- 
seetion  paper  the  values  of  lost  head  as  ordinates  against  the  corres- 

pondiMLT  values  of  M  —  — !-j    for  a  constant   velocity.      All    the   i)oints 

lay  very  close  to  a  strai.nlit  line  with  slope  =  1.919. 

'I'lu'  pniduction  of  tills  line  to  the  axis,  where  (1  —  -  '-)  was  equal 

to  unity,  and  thence  to  such  a  value  that  v^  was  unity,  gave  the  value 
of  the  constant,  c. 

From  such  construction,  C  =  0.01705,  Hence  the  relationship  ap- 
pears to  be 

L.H.  =  0.0170.-,  r,'-9i3  M  —  ^  j 

or 

,.  1.919      ,  f.     .     1.919 

L.IL  =-  1.098  -• —   (1—      '    ) 
•2(j      \  a.,  / 

Relation  of  Theoretical  to  Actual  Loss  of  Head. 

L.H.=  Actual  loss  =  K  ]\^-^^^ 
l.Jt.  =  Theoretical  loss  ==  k  v," 

__    _     ^^    ^1  _   jr>  ,,  -  0.081 

l.h.     "         kv,'        -  ^^    '  1 

or,  if  jB  =  K'  r-^-^^^  where  ii  is  a  variable  coetticient, 

then  L.H.   =  BX  (U^-)  =  B  ^^^  ~  ^'^^  . 

2g 

The  value  of  B,  or  the  ratio  of  actual  loss  to  theoretical  loss  at 
any  velocity,  v^,  may  be  shown  on  logarithmic  cross-section  paper,  for 
any  desired  ratio  of  pipe  areas,  by  drawing  lines  with  slope  =  —  0.081 
at  such  positions  that  their  intersections  with  lines  of  actual  lost  head 
for  the  same  area  ratios  occur  at  velocities  of  such  values  that  the 
theoretical  loss  for  corresponding  area  ratios  is  unity.  In  other  words, 
determine  the  value  of  Vj  to  make  the  theoretical  loss  unity  for  any 
desired  area  ratio,  and  then  the  value  of  the  actual  loss  at  that  velocity 
is  a  point  on  the  line  with  slope  =  —  0.081,  showing  the  value  of  B 
for  that  area  ratio  and  for  any  velocity.  Table  11  shows  the  values  of 
B  for  different  area  ratios  and  velocities. 
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Hydraulic  Gradients. 
Tables  12  to  16,  inclusive,  show  the  data  from  change  of  pressure 
curves.  Figs.  4. to  8,  inclusive,  for  hydraulic  gradients,  not  corrected 

for  friction,  tlio  values  of  — —  being  in  feet  of  water.     Fig.   9  shows 

y 

i\  tyiiical  set  of  gradients  jdotted  from  Table  12. 

TAI5LK  12. — Hydraulic  (Jkadiknts. 

a.. 
Combination  No.  1  :  — -   =  1.4")!. 


Tap  Number. 


20  (from  curves  produced). 
25  (from  curves  produced). 


+0.003 
+0.011 
+0.035 
+0.100 
+0.176 


+0.80+0.13 

+0.30-1-0.43 

+0.77 

+1.33 

4-1.94 


1.11 
■1.90 
2.75 


t: 


0.15 
0.51 
+1.22 
+2.10 
-1-3.04 


4-0.15 
-1-0.54 
+1.23 
+2.10 
4-3.00 


+0.12 
-^-0.44 
+1.12 
4-2.00 
4-2.96 


+0.11 
4-0.89 
4-0.93 
+1.60 
+2.30 


TABLE  1.3, — Hydraulic  Gradients. 


Combination  No.  2  : 


=  2.077. 


30  (from  curves  produced) 


Tap  Number. 


—0.03 
-0.06 
—0.087 
—0.105 


—0.028 
—0.075 
-0.128 
—0.1625 


-t-0.02  -fO.lO 
4-0.13 +0.48 
4-0.40+1.13 
+0.79i-f2.05 
+1.75+-4.20 


+0.11 
+0.61 
fl.43 
4-2.59 

4-5.25 


+0.16 
+0.65 
+1..53 

+2.75 
+  5.60 


+0  12 
+0.58 
+1.36 
+2.47 
+5.10 


TABLE  14. — Hydraulic  (Jradients. 


Combination  Xo.  3  :  -^   =  2.995. 
a, 


Tap  Number. 

Vi 

1 

2 

3 

4 

5 

6 

7 

8 

10 

5            

-0.025 

-0.05 

—0.07 

-0.08 

-0.07 

-0.06 

—0.025 

—0.063 

0.095 

0.120 

0.130 

^).140 

-O.025 
-0.042 
—0.053 
-0.051 
-  0.025 
0. 

+0.04 
4-0.22 
+0.68 
4-1.14 

+  0.12 
+0.50 
+1.24 
--2.26 

+0.20 
+0.60 
+  1.50 

4-2.66 
+4.02 
4-5.82 

-1-0.21 
+  0.63 
+1.50 
+2.75 
4-4.15 
4-5.62 

-1-0.21 

10 

-1-0.55 

15 

+  1.43 

20 

+2.57 

25 

+1.75  4-3.86 

-h3.83 

30  (from  curves  produced).. 

+2.42 

+4.53 

-1-6.21 
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TABLE  15. — Hydraulic  Gradients. 


Combination  No.  4 


=   6.46. 


Tap  Number. 

^'l 

1 

2 

3 

4 

5 

6  and  7 

9  and  10 

5  

—0.05 
—0.09 
—0.12 
—0.17 
-0.18 

—0.05 

—0.103 

—0.157 

—0.21 

—0.26 

—0.10 

-0.05 
-0.10 
—0.15 
—0.20 
—0.24 
-0.26 

+0.01 
+0.02 
+0.10 
+0.30 
+0.60 
+0.94 

+0.08 
+0.20 
+0.52 
+1.23 
+2.03 
+2.89 

+0.10 
+0.25 
+0.62 
+1.40 
+2.30 
.^3.26 

+0.10 

10 

+0.25 

15 

+0.58 
+1.35 

20 

25 

+2.25 
+3.20 

ao 

TABLE  16. — Hydraulic  Gradients. 


Combination  No.  5 


a., 


=  9.32. 


Tap    Number. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

5 

—0.05 

-fl.106 

—0.155 

-0.197 

—0.212 

—0.199 

—0.55 

—0.12 

-0.173 

—0.222 

-0.258 

—0.260 

—0.053 

—0.12 

-0.175 

-0.225 

—0.258 

—0.250 

-0.045 

—0.09 

-fl.l25 

—0.121 

—0.076 

-0.012 

+0.02 
+0.11 
+0.32 
+0.70 
+1.16 
+1.75 

+0.04 
+0.18 
-1-0.50 
+1.03 
+1.72 
+2.46 

+0.07 
+0.20 
+0.53 
+1.11 

+1.77 
+2.48 

+0.07 
+0.20 
+0.53 
+1.11 

+1.77 
+2.48 

+0.07 

10 

+0.20 

15 

+0.51 

20 

+1.10 
4-1.75 

25 

30 

+2.47 

Fig.  10  shows  a  set  of  gradients  for  a  common  velocity  and  dif- 
ferent area  ratios.  The  friction  effect  has  been  corrected  by  increas- 
ing the  ordinates  by  an  amount  equal  to  the  computed  friction  drop 
from  Tap  0,  or  the  reference  pressure  tap.  It  will  be  noted  that  the 
maximum  change  in  pressure  occurs  when  the  area  ratio  is  about  1 
to  2  or  1  to  3,  which  is  what  would  be  expected  from  the  theory  as 
deduced  by  the  application  of  the  laws  of  maxima  and  minima. 

Distance  of  Maximum  p^  from  Plane  of  Enlargement. 

It  was  readily  seen  that  this  distance  (call  it  x)  would  undoubtedly 
depend  on  the  thickness  {r^  —  r^)  of  the  water  between  the  stream  from 
the  smaller  pipe,  and  the  inside  surface  of  the  large  pipe,  or  would 
vary  as  some  function  of  {d^  —  d^. 

For  each  of  the  combinations  tested  the  value  of  x  was  determined 
within  limits  from  the  gradients  and  from  inspection  of  the  data. 
These  limits  were  plotted   on  logarithmic  paper  with    {d^  —  d^)    in 
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inches  as  abscissas.  It  was  found  that  a  straight  line  with  slope  =  0.4 
would  pass  very  nearly  through  the  average  values,  which  would  in- 
dicate that  X  =  K  (d.^  —  d^f^*. 

From  the  line  on  logarithmic  paper  it  is  seen  that  when  (d^  —  (ij) 
=  1,  then  X  =  1.45  =  K. 

Hence  x  =  1.45  (d.^  —  d^f-* 

where  d^  and  d^  are  diameters,  in  inches. 

TYPICAL  HYDRAULIC  GRADIENTS 

SHOWING     ^'-'^  ^''  CORRECTED  FOR  FRICTION 
V  1  =  CONST. =  20  FT.  PER  SEC. 


2 

a 

--^^ 

/ 

^ 

K 

a 

/ 

f 

4 

■^ 

ll 

'U 

/ 

/ 

5, 

ill 

1 

/) 

V 

No.l  -^  i=  1.451 
No.2     ••   =   2.077 
No.3     ••    =    2.995 
No.l      ••   =    6.400 
No.5     ••    =     9.320 

. 

r- 

y 

2 

^ 

1  3  .3  feet 

Axis  of  Large  Pipe 

Fig.  10. 

Conclusions. 

The  formulas  thus  obtained  are  based  on  data  within  the  follow- 
ing limits: 

Vj  from  3.82  to  31.58  ft.  per  sec. 
^'2  from  0.07  to  11.44  ft.  per  sec. 


^  from  1.451  to  11.32. 


It  is  also  worthy  of  note  that  few  reliable  results  were  obtained  with 
values  of  v^  less  than  6  ft.  per  sec. 

From  the  values  of  B  it  is  seen  that,  within  all  ordinary  limits  of 
values  of  velocity  and  area  ratios,  the  actual  loss  is  less  than  the 
theoretical  loss.  This,  at  first,  seems  peculiar,  but  it  is  well  known  that 
velocity  head  may  be  changed  to  pressure  head,  with  more  or  less  at- 
tendant loss,  by  using  a  diverging  passage  to  decrease  the  velocity 
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gradually  and  cause  as  little  disturbance  of  stream  lines  as  possible. 
in  practice,  this  is  accomplished  by  diffusers  made  of  solid  material. 
]n  the  present  instance,  such  action  occurs  with  the  dead  water  at 
the  sides  of  the  stream  entering  with  velocity,  v^,  having  such  diffusing 
effect.  This  exiilanation  is  borne  out  by  the  fact  that  the  value  of  B 
decreases,  or  the  amount  by  which  the  theoretical  loss  is  lessened  in- 
creases, as  the  velocity  increases,  or  as  the  relative  "deadness"  of  the 
side  water  increases.  B  also  decreases  as  the  area  ratio  increases, 
or  as  tlic  quantity  of  dead  water  increases. 

Mr.  A.  H.  Gibson*  deduces  the  same  theoretical  loss  as  given 
herein,  and  substantiates  it  \vith  some  exjierimcntal  work  he  had  done. 
Such  results  seem  to  agree  closely  with  the  theory,  but,  unfortunately, 
the  maximinn,   ;>.,,  was  taken   too  close  to  the  plane  of  enlargement, 

n     « 

resulting  in  a  smaller  value  of  — ?  and  hence  a  larger  lost  liead. 

He  used  the  value  of  a:  =  10  in.,  which,  according  te  the  formula, 
X  =  1.45  (f?2  —  f^)"'*  should  have  been  1.7  ft.  or  20.4  in.  for  maxi- 
mum p.„  as  (d^  — ■  (7j)  =  1.5  in.  The  statement  is  made  that  by  taking 
as  /?,  the  value  obtained  at  a  point  4  in.  from  the  enlargement,  the  loss 
is  about  20%  greater  than  the  theoretical,  which  agrees  closely  with  the 
results  herewith  presented,  as  the  actual  loss  decreases  as  p^  increases, 
other  things  being  equal.  Had  p^  been  taken  at  its  maximum,  losses 
from  0  to  20%  less  than  theoretical,  depending  on  the  velocity,  would 
doubtless  have  been  observed.  It  is  probable  that  the  values  of  p^ 
were  taken  at  about  the  point  where  the  loss  changes  from  greater 
than  theoretical  to  less  than  theoretical. 

Summary  of  Results. — The  sununary  of  results  is  as  follows: 
(1)   J.ost  head  due  to  sudden  enlargement  =  L.H. 

„  1.919     ,  ,,     .     1.919 


L.H.  =  1.098 
or  L.H.  =  1.098 


V  a,  7 


2y 
2? 


or  L.H.  =  — ^^^ —,  where  I?  is  a  variable  coefficient 

2fir 


with  values  given  in  Table  11. 


*  "  Hyciraiilics  and  Its  Applications,"  published  in  1908. 
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(2)  Distance    of   maximum    p^   from   plane   of    enlargement   =   x 

where  d^  and  d^  are  diameters  in  inches. 

The  writer  takes  this  opportunity  to  thank  all  who  helped  bring 
this  work  to  completion.  The  experimental  work  was  done  under  the 
general  supervision  of  Professor  J.  N.  Le  Conte,  who  gave  many  help- 
ful suggestions  in  the  computations  as  well.  H.  T.  Cory,  M.  Am.  Soc. 
C.  E.,  also  gave  much  valuable  advice  in  connection  with  the  co- 
ordination of  the  results  and  their  preparation  for  presentation. 
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Vnin;i  is  on  tlic  Arizona  side  of  the  Colorado  River,  a  short  dis- 
taiR'u  beluw  the  uiuiith  of  tlie  CJihi  River  and  about  25  miles  north  of 
the  Mexican  boundary.  The  bottom  lands  on  both  sides  of  these  two 
rivers,  leveed  for  protection  against  overflow,  together  with  some  mesa 
land,  form  the  irrigable  land  of  the  Yuma  Project  of  the  United  States 
Reclamation  Service.  The  water  for  irrigation  is  taken  from  the 
Colorado  at  Laguiia  Dam.  a  diversion  weir  14  miles  above  Yuma.  To 
conduct  the  water  to  the  Yuma  Valley  and  Mesa,  which  is  that  por- 
tion of  the  Project  on  the  Arizona  side  below  Yuma,  it  was  necessary 
to  construct  main  canals  t<i,  and  ])nivi(lc  means  of  crossing,  either 
the  Colorado  or  the  Gila.  Hotli  rivers  have  unstable  beds,  and  are 
subject  to  sudden  floods,  which  scour  out  deep  channels.  Owing 
to  the  relative  elevations  of  the  water  in  the  canals  and  rivers,  and  the 
great  variation  between  flood  stage  and  low-water  stage,  a  crossing 
by  an  aqueduct  over  either  river  would  have  been  impossible,  and  an 
inverted  siphon  crossing  was  tlic  only  jirncticable  one.  For  reasons 
of  economy  in  the  construction  of  both  canal  and  crossing,  the  Colo- 
rado River  siphon  was  selected.  As  may  be  seen  on  the  general  map, 
Fig.  1.  the  siphon  is  near  Yimia,  and  a  short  distance  below  the 
Southern  Pacific  Railrfjad    Uridgc.      The   river  at   tliis  jioint    flows  be- 


NOTK. — These  papers  are  issued  before  the  date  set  for  presentation  and  discus- 
sion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the  meeting, 
and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or  written,  will 
be  published  in  a  subsequent  number  of  Protrcdings,  and,  when  finally  dosed,  the 
papers,  with  discussion   in  full,  will   be  published   in   Transactions. 
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tween  hig-h  banks  which  restrict  its  meandering  tendencies  and  permit  a 
shorter  tunnel  than  would  be  possible  at  other  points. 

The  variation  between  extreme  flood  and  low-water  surface  eleva- 
tions has  been  as  great  as  18  ft.  This,  however,  does  not  represent 
the  variation  in  cross-section;  it  has  been  said  that  for  every  foot  the 
river  rises  it  scours  out  its  bed  2  ft.,  and  the  cross-sections  on  Fig.  7 
illustrate  the  approximate  truth  of  the  statement.  The  deepest  scour 
within  recent  years  is  shown;  this  section  was  taken  at  the  river 
gauging  station  600  ft.  below  the  line  of  the  tunnel,  the  width  of  the 
river  being  the  same  at  both  points.  At  the  periodic  high-flood 
years  the  scour  is  always  approximately  the  same.  In  the  intermediate 
low-flood  years  the  30-ft.  silt  blanket  dropped  by  the  falling  river  of 
the  preceding  years   is   only  pai-tly   removed. 

Borings  taken  on  the  line  of  the  tunnel  indicated  a  bed  of  soft 
sandstone  underlying  the  silt.  It  was  thought  that,  by  working  at  a 
sufiicient  depth,  open  tunneling  could  be  carried  on  without  great 
interference  from  seepage  water.  Therefore,  preparations  were  made 
for  sinking  shafts  on  each  side  of  the  river  with  the  intention  of 
following  this  method  of  construction. 

Before  describing  the  construction  in  detail,  a  few  words  may  be 
said  of  the  general  dimensions  of  the  work.  The  California  shaft  is 
1.30  ft.  from  the  center  of  the  levee,  and  250  ft.  from  the  Southern 
Pacific  Railroad.  The  Arizona  shaft  is  in  high  ground,  200  ft.  from 
the  river,  and  955  ft.  from  the  California  shaft.  The  canals  conduct- 
ing the  water  to  and  from  the  shafts  have  a  bottom  width  of  80  ft., 
a  water  depth  of  7  ft.,  and  carrying  1 400  sec-ft.,  at  full  capacity, 
which  is  sufiicient  for  the  irrigation  of  about  100  000  acres.  The 
siphon  was  designed  to  operate  at  full  capacity  with  a  loss  of  head 
of  2  ft.  When  operating  at  less  than  full  capacity  the  same  loss  of 
head  is  obtained  by  throttling  the  flow  at  the  intake;  thus  the  water 
surface  at  the  intake  and  outlet  are  maintained  uniformly  at  Eleva- 
tions 132  and  130,  respectively.  The  inside  diameter  of  the  California 
shaft  is  17  ft.,  and  that  of  the  Arizona  shaft  is  23  ft.  The  elevation 
of  the  tunnel  flow  line  is  +  49  at  the  shafts  and  +  47  in  the  middle 
of  the  river. 

The  assumed  maximum  conditions  of  loading  to  which  the  tunnel 
is  subjected  are,  (a)  tunnel  empty,  with  pressure  on  the  outside  only, 
due  to  a  hydrostatic  head  of  74  ft.,  at  high  stage  of  the  river,  and  (&) 
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system  in  operation,  at  low  ai-Ago  of  the  river,  with  pressure  on  the 
inside  due  to  a  hydrostatic  head  of  TO  ft.,  partly  balanced  by  a  head 
on  the  outside  of  59  ft.  Under  these  conditions,  both  the  tensile  and 
compressive  stresses  in  the  2-ft.  thick  tunnel  lining  are  very  low.  The 
many  uncertainties  as  to  the  actual  loading  from  the  material  through 
which  the  tunnel  passes,  and  the  desirability  of  a  fairly  water-tight 
job,  fully  justify  the  thickness  of  the  tunnel  walls  as  constructed. 

The  stresses  in  the  completed  shafts  due  to  the  static  loads  would 
be  considerably  less  than  those  in  the  tunnel,  as  the  lining  of  both 
shafts  is  3^  ft.  thick  and  is  further  reinforced  at  the  bottom  by  the 
quarter-turn  lining.  The  most  severe  conditions  to  which  the  shafts 
were  subjected  were  those  due  to  the  method  of  construction,  which 
was  to  sink  them  as  open  caissons.  As  these  would  be  largely  a  matter 
of  conjecture,  there  would  be  small  profit  in  attempting  to  compute 
the  stresses.  Important  determining  factors  in  fixing  the  thickness 
of  the  lining  were  the  probable  skin  friction  and  the  weight  required  to 
sink  the  caisson.  As  a  guide  in  determining  the  thickness  necessary  to 
resist  the  stresses  during  the  sinking  and  to  furnish  weight  to  overcome 
the  skin  friction  and  give  a  water-tight  shaft,  comparison  was  made  with 
a  number  of  like  structures  built  under  similar  conditions.  These 
showed  a  variation  in  thickness  of  walls  of  from  2^  to  6  ft.,  and,  in 
the  skin  friction  overcome  in  sinking  them,  of  from  300  to  700  lb.  per 
S(i.  ft.  The  thickness  was  fixed  at  S-J  ft.,  with  no  reinforcement,  ex- 
cept a  small  number  of  short  rods  used  to  bond  adjoining  sections. 

Arizona  Shaft. 

The  cutting  edge  consisted  of  a  cylindrical  skin  plate  i  in.  thick  and 
3.1  ft.  wide,  bent  on  a  circumference  of  30  ft.  diameter.  It  is  rein- 
forced near  the  bottom  edge  by  a  10-in.,  25-lb.  channel  with  its  web 
riveted  to  the  inside  of  the  plate.  To  the  top  flange  of  the  channel  is 
riveted  a  horizontal  14i-  by  J-in.  shoe  plate,  stiffened  at  its  inner 
edge  by  a  3  by  3  by  /ij-in.  angle,  and  connected  to  the  channel  at  sixteen 
points  on  the  circumference  by  vertical  plate  and  angle  brackets.  The 
outside  of  the  shaft  concrete  is  flush  with  the  outside  of  the  cir- 
cumferential plate.  On  the  inside,  the  concrete  batters  in  from  the 
shoe  plate  to  a  diameter  of  20  ft.  at  a  point  6  ft.  above  the  cutting 
edge,  giving  a  thickness  of  concrete  of  5  ft.  at  this  point.  The  inside 
face  is  vertical  for  4  ft.  above  this,  and  then  steps  out  to  the  normal 
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inside  tlianietor  of  tlu'  sluilt.  which  is  2)1  ft.  The,  rivet  heads  on  the 
outside  of  the  cutting  edge  skin  i)hito  were  countersunk,  in  order  to 
reduce  the  friction. 

In  preparing  to  sink  the  shaft,  a  pit.  some  40  ft.  in  diameter  and 
12  ft.  deep,  was  excavated,  using  U'anis  and  serai)ors.  The  hottom  was 
leveled  and  the  cutting  edge  assembled  and  placed.  Wooden  forms 
were  constructed  for  the  lower  10  ft.  of  the  sliaft,  and  the  concrete 
was  placed.  The  steel  forms,  which  were  used  tlirougliout  the  shaft 
construction,   were  then  set   in  place. 

To    support    the    forms, 
twelve  8  by  16-in.  timbers, 


32  ft.  long,  were  set  on  '<w>ti4»jCc|^^'^^^ 
radial  lines  projecting  as 
cantilevers  over  the  shaft 
walls,  the  outer  ends  be- 
ing firmly  anchored  in 
the  ground.  Bolts  passing 
through  these  timbers  car- 
ried the  forms.  As  may  be 
seen  on  the  section.  Fig.  2, 
the  inside  of  the  shaft  was 
thus  left  open,  so  that  ex- 
cavation could  be  carried 
on  without  interference  by 
other  work.  A  passage  was 
also  left  on  the  outside  of 
the  shaft  to  give  access  to 
the  outside  form. 

The  forms  were  built  in 
segments  of  a  cylindrical 
surface,  with  yg-in.  plate, 
4  ft.  high,  stiffened  at  toj)  and  bottom  by  circular  ril)s  of  built-up 
channels  with  horizontal  wel).  'I'ho  segments  were  connected  so 
that,  when  they  were  assembled  and  in  place,  the  circumference  of 
the  whole  could  be  increased  or  decreased  by  tumbuckles.  Thus, 
when  the  concrete  had  been  built  up,  as  previously  described,  the  in- 
side and  outside  forms  were  fitted  to  the  completed  concrete,  with  a 
vertical  lap  of  about  2  in.,  and  were  plumbed,  and  clamped   in  place 
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by  tightening  the  turnbuckles.  No  braces,  ties,  spreaders,  or  other 
means  of  support  were  required.  When  the  forms  had  been  filled  with 
concrete,  the  hanger-bolts  were  released;  excavation  proceeded  through 
the  open  space  in  the  center  of  the  shaft,  and,  as  the  caisson  sank,  the 
forms  traveled  with  it.  In  preparing  for  a  new  lift  of  concrete,  the 
turnbuckles  were  released,  the  forms  were  pried  from  the  face  of  the 
concrete,  raised  to  their  original  level  with  the  derrick  or  tackles 
supported  from  the  cantilever  timbers,  and  reset  as  before.  In  this 
way  a  shaft  wall  of  uniform  thickness  and  very  smooth  surface  was 
obtained. 

A  i-cu.  yd.  Smith  mixer,  operated  by  steam,  was  used.  Sand 
and  stone  were  fed  to  the  mixer  from  a  two-pocket  bin,  having  a  capac- 
ity of  20  cu.  yd.,  and  were  discharged  into  the  measuring  hopper.  The 
bin  was  replenished  from  the  stock  piles  directly  back  of  it,  by  a 
derrick  with  a  grab-bucket.  This  could  be  done  at  times  when  the 
derrick  was  not  needed  for  other  work.  The  concrete  was  mixed  in 
the  proportions  1 :  2A :  5,  lola  and  Riverside  Portland  cement  being 
used.  The  concrete  was  chuted  from  the  mixer  directly  into  the  forms, 
several  movable  chutes  of  different  lengths  being  used. 

The  excavation  was  carried  on  by  hand,  with  pick  and  shovel, 
the  spoil  being  removed  by  the  derrick  with  a  1-cu.  yd.  bucket.  The 
core  was  removed,  the  cutting  edge  undermined,  and  the  shaft  allowed 
to  sink,  the  concrete  being  built  up  at  the  surface  in  SJ-ft.  lifts  as 
the  work   progressed. 

At  Elevation  120  ground-water  was  encountered,  at  first  in  small 
quantities,  but  rapidly  increasing  with  the  depth  below  this  plane. 
Pumps  were  put  in  place  to  keep  the  pit  dry,  and  hand  excavation  was 
continued  to  a  further  depth  of  about  50  ft.  Here  the  excess  hy- 
drostatic head  on  the  outside  of  the  shaft  was  sufficient  to  cause  sud- 
den inrushes  of  water  and  sand  under  the  cutting  edge,  and  it  was 
found  necessary  to  change  the  method  of  excavation.  The  core  was 
now  removed  by  clam-shells  to  a  depth  of  from  5  to  10  ft.  below  the 
cutting  edge.  Divers  then  drilled  holes  in  the  supporting  ring  under 
the  cutting  edge  and  placed  small  charges  of  dynamite.  These,  when 
fired,  caused  the  shaft  to  sink  varying  distances. 

When  the  cutting  edge  had  penetrated  some  distance  into  the 
bed  of  soft  sandstone  indicated  by  the  borings,  attempts  were  made 
to  seal  the  shaft  to  the  undisturbed  hard  material  by  sinking  pipes  from 
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the  surface  outside  of  tlie  caisson  walls  and  forcing  grout  through 
them  into  the  running  sand.  It  was  thought  that  hy  impregnating  with 
grout  the  soft  ground  surrounding  and  for  some  distance  above  the  tun- 
nel opening,  the  flow  of  water  might  be  sufficiently  cut  off  to  permit  of 
open  tunneling  into  unfissured,  less  pervious  ground.  After  the  grout- 
ing wa.s  coniiilete  a  concrete  plug  was  placed  in  the  bottom  of  the  shaft 
under  water,  and  the  water  was  pumped  out.  Preparations  were  made 
for  tunneling  operations.  Cage  guides  and  a  gallows  frame  were  con- 
structed and  hoisting  machinery  was  erected.  An  open  crib  was  built 
on  top  of  the  shaft,  and  a  working  floor  laid.  Tracks  were  laid  from 
the  mixer  to  the  shaft  and  from  the  shaft  to  the  spoil  bank.  While 
work  was  under  way  cutting  through  the  shaft  walls  for  a  tvmnel 
opening,  other  "blows"  of  water  and  sand  occurred,  and  at  the  last  of 
these  the  work  was  flooded.  Further  efforts  at  open  tunneling  were 
then  abandoned,  it  being  evident  that  the  grout  had  not  efficiently 
consolidated  the  material  surrounding  the  shaft,  and  that  the  soft 
and  porous  nature  of  the  ground  and  the  high  head  of  water  would 
make  it  necessarj'  to  work  under  compressed  air. 

The  foregoing  method  of  consolidating  running  sand  in  foundation 
and  similar  work  has  been  described  as  successful  in  several  engineer- 
ing writings.  The  outcome  in  this  case  showed  conditions  similar 
to  those  found  in  the  construction  of  the  New  York  tunnels  of  the 
Pennsylvania  Railroad.  The  following  is  quoted  from  a  discussion  by 
the  late  C.  L.  Harrison,  M.  Am.  Soc.  C.  E.* 

"Grout  was  used  extensively  in  the  face  in  an  effort  to  consolidate 
the  material.  In  digging  out  the  sand  into  which  the  grout  had  been 
injected  under  pressure,  it  was  found  to  be  collected  in  masses  and  not 
generally  distributed;  this  was  true  whether  the  sand  contained  a 
large  or  a  small  percentage  of  voids.  The  interstices  between  the  grains 
of  sand  w'ere  too  small  to  permit  the  free  flow  of  grout  into  them; 
however,  grouting  in  the  face  did  compact  the  material  to  some 
extent  and  reduce  the  flow  of  air  through  it." 

Francis  L.  Sellew,  M.  Am.  Soc.  C.  E.,  says  :t 

"In  the  writer's  judgment,  it  is  impracticable  to  so  consolidate 
fine  sand  by  the  injection  of  grout  that  the  resulting  material  will 
serve  any  useful  purpose.  While  sufficient  pressure  may  be  \ised  to 
cause  penetration,  the  fluid  will  move  at  such  low  velocities  that  the 
grout  will  set  up  before  any  appreciable   distance  has  been  traveled. 

*  Transactions,  Am.  Soc.  C.  E.,  Vol.  LXIX,  p.  400. 

t  "The  Colorado  River  Siplion."  Engineering  News.  August  29t>i,  1912. 
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It  is  believed  that  success  attained  by   tliis  method  will  be  confined 
to  coarse  materials." 

Califormia  Shaft. 

The  work  a.t  the  California  shaft  will  not  be  described  in  detail, 
as  the  methods  and  results  were  similar  to  those  at  the  Arizona  shaft, 
except  as  to  the  dimensions  of  the  shaft,  which  have  been  mentioned 
elsewhere.  The  ground  through  which  the  shaft  passes  is  somewhat 
more  varied  in  charactei",  as  may  be  seen  by  reference  to  Fig.  9.  The 
final  grade,  as  originally  contemplated,  was  somewhat  lower  than  on 
the  Arizona  side,  but  the  difticulties  of  construction  were  such  that 
the  final  elevation  of  the  cutting  edge  was  fixed  at  28  i  ;  and  the 
bottom  of  the  shaft  was  sealed  at  that  elevation. 

Work  Under  Compressed  Air. 

When  it  became  evident  that,  owing  to  the  shattered  and  porous 
condition  of  the  material  surrounding  the  shaft,  open  tunnel  methods 
were  out  of  the  question,  a  Consulting  Board,  consisting  of  Louis  C. 
Hill,  M.  Am.  Soc.  C.  E.,  Supervising  Engineer;  Francis  L.  Sellew, 
M.  Am.  Soc.  C.  E.,  Project  Engineer,  of  the  United  States  Reclama- 
tion Service;  and  Silas  IT.  Woodard,  M.  Am.  Soc.  C.  E.,  formerly 
Division  Engineer  on  the  East  River  Tunnels  of  the  Pennsylvania 
Railroad.  This  Board  made  an  investigation  of  the  existing  conditions, 
and  advised  a  change  in  method  to  tunneling  by  the  pneumatic  process, 
the  work  to  be  carried  on  from  the  Arizona  shaft  only. 

A  compressor  plant  was  rented  from  Charles  A.  Haskin  and  Com- 
pany, Tunnel  Contractors.  Owing  to  the  impossibility  of  securing 
suitable  labor,  skilled  in  such  work,  in  that  part  of  the  country,  ex- 
perienced "sand-hogs"  were  brought  from  the  East,  to  form  a  nucleus 
of  trained  compressed-air  tunnel  men.  E.  C.  Hayden,  Assoc.  M. 
Am.  Soc.  C.  E.,  was  Superintendent  of  Construction  on  the  work 
from  this  time  until  the  successful  completion  of  the  tunnel.  The 
rented  equipment  was  as  follows:  Three  Ingersoll  compressors:  20  by 
30-in.,  24^  by  24-in.,  and  17  by  24-in;  vertical  and  horizontal  air  locks 
and  equipment,  medical  lock,  air  receivers  and  coolers,  and  the  4-ft. 
steel  shafting  used  above  the  air  deck. 

The  rated  capacity  of  the  compressor  plant  was  4  000  cu.  ft.  of 
free  air  per  minute  compressed  to  40  lb.  The  maximum  consumption 
for  24  hours  averaged  2  000  cu.  ft.  per  min.,  or  about  55%  of  the 
rated  capacity.     The  maximum  recorded  consumption  for  a  short  time 
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was  2  200  cu,  ft.  per  min.  The  coiiiprcssor  plaiil  was  thus  never 
seriously  taxed  for  a  long  period.  The  average  consumption  during 
the  tunneling  operations  was  1  450  cu.  ft.  of  free  air  per  minute,  to  a 

pressure  of  i^S  Ih.  ihm-  sij.  in.  DETAILS  OF 

VERTICAL  AIR  LOCK 
AND  STEEL  SHAFT 


(b 


ft'/ 


VERTICAL  LOCK, 

SHAFT,  AND 

AIR  DECK 

SCALE  OF  FEET 


10 


TiO  of  tuoDel  were  cuDBtructed 
»llh  vertical  air  lock;  horizontal 
lock  wa3  tbeo  Inatalled 


Fig.  3. 


I  |-Stufling-box 

11 


Y__fcf 


Fig.  4. 


In  addition  to  the  foregoing  compressor  equipment  there  was  al- 
ready installed  a  12^  hy  14-in.  Ingersoll-Rand  high-pressure  machine, 
with  a  capacity  of  200  cu.  ft.  per  min.  at  100  lb.  This  had  been 
used  during  grouting  operations  at  the  Arizona  shaft,  and,  during  the 

t'urtlicr  prosecution  of  the  work,  wa.s  used  for  operating  drills  and  the 
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concrete  lock,  and  also  as  emergency  equipment  at  times  when  the 
consumption  of  air  was  great,  or  when  it  was  not  advisable  to  fill 
the  air  lock  by  withdrawing  air  from  the  heading. 

Aside  from  the  rented  equipment,  that  which  was  already  on  the 
job  was  used.  The  steam  plant  consisted  of  five  oil-burning,  horizontal, 
tubular  boilers  of  varying  sizes,  some  of  which  had  been  used  pre- 
viously for  the  operation  of  mixers,  hoists,  derricks,  etc.,  and  others 
of  wliich  were  available  on  other  parts  of  the  Project  and  were  later 
installed  when  found  necessary.  The  total  rated  capacity  of  the 
plant  was  about  475  boiler  horse-power.  This  served  for  operating 
the  compressors  and  all  other  machinery,  and  for  heating  the  change 
and  locker  rooms.  The  fuel  oil  was  stored  in  one  concrete  and  one 
wooden  tank  of  720  bbl.  total  capacity,  which  had  gravity  feed  to  the 
steam  plant,  and  were  replenished  by  pumping  directly  from  oil  cars 
on  a  side  track  of  the  Southern  Pacific  Railroad.  The  derrick,  which 
had  been  in  use  for  excavation  and  installation  work,  and  for  re- 
plenishing the  sand-and-stone  hopper,  was  left  in  place,  and  was 
used  later  for  handling  the  material  for  the  outlet  structure  and  for 
dismantling  the  plant.  It  was  a  20-h.p.,  7  by  20-in.  American  Hoist 
and  Derrick  Company  derrick.  For  handling  the  muck  and  concrete, 
^-cu.  yd.  steel  end  dump  cars  were  used.  These  were  of  24-in.  gauge, 
24  in.  wide,  40  in.  high  above  the  rail,  and  were  manufactured  by 
the  Pacific  Coast  Manufacturing  Company  and  the  Arthur  Koppel 
Company. 

In  general,  the  preliminary  installation  was  as  follows :  A  tim- 
ber air  deck  was  built  at  mid-height  of  the  shaft.  From  this  a  4-ft. 
steel  shaft  led  to  the  vertical  air  lock  at  the  surface.  Material  and 
men  were  carried  in  cylindrical,  8-cu.  ft.,  buckets.  The  air  deck 
was  built  up  of  twelve  layers  of  2  by  12-in.  yellow  pine  planks  nailed 
with  40-d.  nails,  alternate  layers  running  at  right  angles.  A  recess, 
4  in.  deep  and  24  in.  high,  on  the  inside  circumference  of  the  shaft, 
provided  bearings  for  the  deck  against  upward  and  downward  pressure. 
The  deck  was  braced  near  the  center  in  both  directions  by  four  12  by 
12-in.  timbers  at  45°,  the  ends  bearing  in  recesses  cut  in  the  shaft 
walls.  A  4-ft.  circular  hole  was  left,  and  the  bottom  cylinder  was 
fastened  with  bolts  passing  through  its  flanges  and  the  air  deck.  Other 
holes  were  left  for  pipes  for  air  supply,  electric  light,   and  telephone 
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From  the  deck  to  the  surface  was  72  ft.  Six  sections  of  4-ft. 
cylindrical  steel  shaft  were  used.  These  were  made  up  of  i-in.  steel 
phite  with  lap-riveted  joints  and  4  hy  4  by  ^-in.  angle  flanges  at  the 
top  and  bottom.  CJaskcts  were  used  between  sections,  which  were 
bolted  together  through  the  flanges. 

The  vertical  air  Idck  was  a  O-ft.  cylindrical  drum  6  ft.  high,  with 
2^-ft.  circular  plate  doors  in  the  top  and  bottom.  The  ends  of  the 
drum  were  of  ^-in.  plate,  dished  and  double-riveted  to  the  side  plate, 
which  was  5  in.  thick.  The  8-cu.  ft.  buckets  cleared  the  opening  by 
about  1  in.  all  around.  The  cable  for  hoisting  the  buckets  through 
the  steel  shaft  passed  through  a  gland  in  the  top  of  the  lock;  it  was 
of  especially  compact  texture  and  smooth  surface,  thus  reducing  the 
leakage  of  air  to  a  minimum.  The  capacity  of  the  lock  was  about  five 
buckets,  or  ten  men,  with  the  lock-tender. 

A  water  seal  was  placed  above  the  air  deck,  completely  filling  the 
shaft  to  Elevation  129.  The  top  of  the  air  deck  was  at  Elevation  85. 
The  actual  maximum  loads  which  the  air  deck  was  required  to  carry 
w-ere  (a)  a  pressure  of  36  lb.  per  sq.  in.  on  the  lower  side  of  the  deck, 
with  a  43-ft.  water  seal  on  the  upper  side,  and  (h)  the  weight 
of  the  43-ft.  water  seal  with  no  pressure  on  the  lower  side.  The  first 
condition  gave  a  total  net  uplift  on  the  deck  of  about  500  tons,  which 
was  transmitted  to  the  shaft  by  the  bracing  timbers,  and  by  the  deck 
at  its  edge.  The  second  condition  gave  a  total  unbalanced  downward 
pressure  of  about  700  tons.  As  the  deck  was  designed  for  somewhat 
more  severe  conditions,  the  actual  stresses  were  low,  and  the  timber 
gave  but  slight  evidence  of  "working"  while  under  full  load.  The 
under  side  of  the  deck  was  made  air-tight  and  fire-proof  with  sheet 
asbestos  tacked  on  and  plastered  over  with  clay-grout. 

The  boiler  and  compressor  installation  and  the  remainder  of  the 
above-ground  construction  plant  were  completed  during  this  period. 
The  hoist,  mixer,  derrick,  and  change  room  had  been  used  on  the 
previous  work.  Two  units  were  added  to  the  boiler  plant,  and  the 
compressor  plant  and  medical  lock  were  set  up. 

During  the  construction  of  the  air  deck,  the  w-ater  level  in  the 
shaft  had  been  kept  down  by  pumps  about  to  Elevation  +  80.  The  air 
pressure  was  now  raised  and  the  water  blown  and  pumped  out.  The 
relation  between  the  river  water  surface  and  that  in  the  shaft,  with 
the  air  pressure,  showed  that  the  soft  and  ])orous  material  surrounding 
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and  underlying'  the  shaft  offered  small  resistance  to  the  transmission 
of  hydrostatic  pressure.  When  the  water  level  had  been  lowered  to  +  42, 
the  pressure  was  36  lb.  per  sq.  in.  At  that  time  the  river  water  sur- 
face was  at  about  122.  Elevation  42  was  set  as  the  bottom  elevation 
of  the  concrete  plug.  Allowing  for  the  thickness  of  the  plug,  and  the 
sump,  this  brought  the  elevation  of  the  flow  line  of  the  tunnel  at  +  49. 
The  following  considerations  influenced  the  fixing  of  this  grade : 

First,  the  tunnel  constructed  from  this  elevation  would  have  a 
minimum  cover  at  high  stage  of  the  river  of  about  15  ft.,  which  was 
considered  sufficient  for  safety  of  construction  in  this  material.  As 
a  matter  of  history,  the  tvmnel  did  not  reach  the  deepest  point  of  the 
river  until  after  the  flood  period,  and  the  cover  at  that  time  was  more 
than  30  ft. 

Second,  there  was  no  assurance  that  the  ground  would  be  more 
favorable  lower  down. 

Third,  the  difficulties,  slowness,  and  expense  of  construction  in- 
crease greatly  with  higher  pressures. 

The  plug  in  the  bottom  of  the  shaft  was  designed  as  a  circular  rein- 
forced concrete  diaphragm,  supported  at  the  edge,  to  resist  the  maxi- 
mum hydrostatic  pressure,  which  at  highest  stage  of  the  river  would 
be  about  40  lb.  per  sq.  in.  It  seemed  probable  that  the  diaphragm 
would  receive  its  full  load  while  the  concrete  was  still  comparatively 
new.  In  order  to  make  it  possible  to  relieve  the  pressure  somewhat, 
ten  2-in.  pipes  were  set,  to  pass  through  the  plug;  the  lower  ends  were 
nested  in  crushed  rock  to  insure  a  free  opening,  and  the  upper  ends 
were  furnished  with  globe  valves. 

To  provide  a  support  in  the  shaft  walls  for  the  edge  of  the  plug, 
a  circumferential  recess  of  the  full  height  was  cut,  and  the  concrete 
was  roughened  to  a  depth  varying  from  3  in.  at  the  top  to  7  in.  at  the 
bottom.  Any  reinforcement  encountered  was  cut  and  bent  out  to  aid 
in  bonding.  The  reinforcing  steel  for  the  plug  consisted  of  |-in. 
and  1-in.  square  twisted  rods,  and  old  15-lb.  industrial  rail.  It  was 
lowered  into  the  shaft  through  an  improvised  pipe-lock.  A  4-in.  pipe 
was  used,  with  a  gate-valve  at  the  top  and  a  board  flap-valve  at  the 
bottom.  The  bottom  being  capped,  the  steel  was  lowered  from  the  top 
until  its  end  rested  on  the  board-valve.  The  top  was  then  closed 
and  the  pressure  equalized ;  the  rods  were  dropped  through  and  on  a 
lilatform,  and  were  then  set  in  place.    In  this  way  steel  was  lowered  as 
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fast  as  it  could  he  set.  ("(•iicnli'  \vii>  lowered  in  l)uekets  tliroiifrli  the 
4-ft.  stool  shaft  from  the  vei-lical  iiir  lock  iit  the  siiriaee,  iiiid  also 
throufih  a  small  material  lock.  This  coiisistod  of  a  hoppi-r  elosed  at  the 
hottoin  hy  a  4-iii.  (iiiiek-opeiniig  j-att-valvo.  and  at  the  top  hy  a  flat 
oireular  |)lat<'.  1  ft.  in  diameter,  clamped  down  by  a  hand-wheel  screw. 
In  the  top  of  the  hopper  there  were:  a  pipe  connecting  with  the  com- 
pressor, a  discharge  valve,  iind  a  K^uge.  The  capacity  was  about  3 
cu.  ft.  The  concrete  was  placi'd  in  the  hopper,  the  top  was  clamped  on, 
and  the  pressure  was  raised  until  it  slightly  exceeded  that  in  the  shaft. 
The  lower  gate-valve  was  then  opened,  and  the  concrete  dropped  through 
directly  to  the  bottom  of  the  shaft.  Two  men  at  the  bottom  shoveled 
the  concrete  away  and  handled  the  emergency  board-stop  at  the  end  of 
the  pipe.  The  operation  of  this  lock  proved  unsatisfactory  when  there 
were  bends  in  the  pipes,  and  it  was  not  used  for  tunnel  concreting. 

When  the  plug  was  completed,  tunnel  work  was  started.  The 
3i-ft.  shaft  wall  was  cut  out  on  the  upper  half  of  the  tunnel,  and  was 
trimmed,  roughened,  and  keyed  so  as  to  provide  good  bond  with  the 
first  tunnel  arch  section.  The  ground  immediately  surrounding  the 
shaft  for  a  distance  of  about  5  ft.  was  found  to  be  very  bad;  it  had 
been  shattered  and  softened  by  the  shooting  during  the  sinking  of 
the  caisson,  and  was  saturated  with  water,  practically  of  the  consistency 
of  quicksand.  In  places  small  "boulders"  formed  by  the  grout  washed 
up  from  i)i>low  were  found.  Where  the  grout  pipes  had  been  with- 
drawn, the  material  was  consolidated  not  more  than  2  in.  outside  of 
the  original  location  of  the  pipe. 

The  heading  was  carried  out  as  a  6-ft.  high  segment  of  the  cir- 
cular tunnel.  To  support  the  roof  and  sides,  12  by  36-in.  steel  plates, 
shown  on  Fig.  (i,  were  used.  These  were  made  of  /^-in.  steel  plate, 
l)ent  to  a  9-ft.  radius,  with  flanges  at  the  four  edges  of  2  l)y  2  by  ^-in. 
angle-irons;  the  outstanding  flanges  wore  punched  with  :,'-in.  holes 
spaced  so  that  alteriuite  rings  could  be  staggered  and  bolted  together 
with  S-iu.  bolts.  The  breast  was  boarded  and  clayed  tight.  The  ground 
was  cut  out  on  the  circumference  the  size  of  one  plate,  and  the  plate 
set  and  bolted.  The  space  between  the  plate  and  the  roof  was  filled 
with  clay.  In  this  way  a  ring  was  completed  from  the  crown  to  about 
3  ft.  above  the  springing  line  on  each  side.  Trench  braces  were  set 
radially  on  every  .second  or  tliinl  ring.  The  breast  was  then  cut  down 
level  with  the  bench  breast-boards,  reset,  and  clayed,  and   the  process 
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repeated.  The  joints  between  plates  and  between  rings  of  plates  were 
clayed  over  and  mud-washed  at  intervals.  Empty  sacks  and  clay 
sacks  were  used  for  "blows." 


J^;'  plate  12  X  3  0 
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Wall-Plate 

CROSS-SECTION  OF  HEADING    SHOWING 
TUNNEL  PLATES,   BRACING,  CONCRETE  FORMS,  ETC. 
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Fig.  5. 
When  an  advance  of  fourteen  rings  beyond  the  finished  work  had 
been  made,  the  heading,  roof,  and  breast  were  tightened,  the  pressure 
was  raised  from  2  to  3  lb.,  and  side  trenches  were  cut  to  the  springing 
line.  Wall-plates  were  set  to  line  and  grade,  steel  forms  set,  and  the 
2-ft.  concrete  lining  was  placed.     The  forms  were  6-in.  channels  bent 
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to  a  radius  of  6  ft.  10  in.,  the  6-in.  dimension  being  radial;  they  were 
in  three  sections  for  the  semicircle,  and  fastened  with  g-in.  bolts. 
The  lagging  was  2  by  6-in.  surfaced  lumber,  12  ft.  long.  The  longi- 
tudinal joint  at  the  springing  line  battered  from  face  to  back  in  such  a 
way  as  to  facilitate  grouting  and  caulking  the  joint  on  the  comple- 
tion of  the  invert  concrete. 


r      iTll^x  0  8  Spl.  pi 
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HORIZONTAL   AIR  LOCK 

DETAILS 


Shaft 


4'Oi 
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Was le  Pipes" 

Blowout  Pij* 


Fig.  6. 

Fig.  6  shows  a  section  of  the  heading  completely  excavated,  with  the 
forms  and  lagging  set,  ready  for  the  concrete.  The  concrete  was 
dumped  from  the  buckets  into  barrows,  wheeled  to  the  heading,  and 
shoveled  into  the  forms.  In  this  way  the  top  heading  was  constructed 
for  55  ft.  The  pneumatic  pressure  was  at  all  times  practically  equal 
to  the  hydrostatic  head.  The  bench  was  then  excavated  in  sections 
of  from  10  to  12  ft.  For  this  the  pressure  required  was  from  4  to  6  lb. 
higher  than  for  the  heading.  Sections  of  bench  lapped  with  sections 
of  heading,  so  that  there  was  no  joint  in  the  entire  tunnel  on  one  plane. 
The  arch  concrete  carried  itself  on  about  a  10-ft.  span  longitudinally, 
during  the  concreting  of  a  section  of  invert.  In  excavating  the  bot- 
tom, it  was  seldom  necessary  to  brace  the  sides,  except  immediately 
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under  the  arch  concrete.  Here  16-ft.  trench  braces  were  set  across  the 
full  width.  The  sand  was  kept  plastered  with  clay  to  within  a  few 
feet  of  the  bottom.  When  the  excavation  was  completed,  profile  bulk- 
heads were  set  at  the  end,  to  line  and  grade,  and  the  bottom  was  filled 
with  concrete  to  a.  level  with  the  tops  of  the  profiles.  On  the  concrete 
there  was  then  laid  12-ft.  lagging,  one  end  lying  on  the  finished  work 
of  the  previous  section  and  the  other  on  the  profile;  then  the  semi- 
circular steel  arch  ribs,  reversed,  were  set  on  the  lagging  and  wedged 
and  braced  to  line.  This  being  done,  the  concrete  and  the  lagging 
were  carried  up  together  to  the  joint  with  the  completed  arch.  The 
joint  was  then  grouted  up  under  a  small  head. 

On  the  completion  of  the  first  55  ft.  of  tunnel,  a  bulkhead,  3^  ft. 
thick,  was  built  of  brick  laid  in  cement  mortar,  closing  the  heading. 
It  was  supported  near  the  middle  by  four  12  by  12-in.  diagonal  struts 
bearing  in  the  tumiel  walls.  After  allowing  the  mortar  a  few  days  to 
set,  the  pressure  was  lowered  to  about  10  lb.  Leaks  and  open  joints 
in  the  tunnel  concrete  were  marked,  the  pressure  was  raised,  and  the 
joints  were  cut  out  and  caulked  with  cement  mortar.  After  a  suitable 
interval,  the  pressure  was  lowered  to  atmospheric,  and  preparations 
were  made  for  putting  in  the  horizontal  air  lock.  All  leaks  in  the  shaft 
had  also  been  thoroughly  caulked,  and  there  was  now  practically  no 
leakage.  The  water  seal  in  the  shaft  was  pumped  out,  the  steel  shaft, 
vertical  lock,  and  air  deck  were  removed,  and  hoist  cages  were  placed. 

The  tunnel  air  lock  was  a  6-ft.  cylinder,  22  ft.  9  in.  long.  It  was 
of  f-in.  iron  plate  with  double-riveted,  butt  splices;  the  door-frames 
were  built  up  of  12-in.  channels  and  I-beams,  and  the  doors  were  of 
i-in.  plate,  reinforced  with  five  5-in.  channels.  On  the  outside  near 
the  pressure  end  there  was  a  collar,  made  of  two  3-in.  angles,  to  pro- 
vide bearing  against  and  bond  with  the  lock  bulkhead.  The  air  pipes 
and  valves  were  hung  with  stirrups  from  the  top  of  the  lock.  The 
filling  or  discharge  of  the  lock  could  be  regulated  from  either  end, 
there  being  a  double  set  of  2-in.  supply  and  discharge  valves.  The 
capacity  of  the  lock  was  five  ^-C'u.  yd.  cars. 

The  bulkhead  was  of  plain  1 :  2 J :  5  concrete,  4  ft.  thick,  with  two 
sets  of  diagonal  braces  against  the  tunnel  walls.  Bearing  on  the  cir- 
cumference was  provided  by  a  3-in.  recess  which  had  been  left  in  the 
concrete  lining  on  this  section.  Pipes  for  air  supply,  telephone  and 
electric  light  wires,  and  drainage  were  concreted  in. 
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When  this  work  had  been  coinplctfd  (Octol.or  20th.  1911),  the 
prossuro  was  again  raised  and  the  temporary  brick  bulkhead  was  cut 
out.  The  method  of  advancing  the  heading  has  already  been  out- 
lined, and  in  general  this  method  was  adhered  to  throughout  the  con- 
struction. Sandbag  and  clay  bulkheads  were  placed  in  the  lower 
half  of  the  tunnel  at  the  end  of  the  completed  work  during  the  ad- 
vance of  the  heading,  the  pressure  usually  varying  from  3  to  5  lb.  on 
the  heading  and  bench  excavation.  Grouting  pipes  with  valves  were 
idaced  in  the  crown  at  the  end  of  each  12-ft.  section.  The  pressure 
was  at  all  times  within  a  few  pounds  of  the  hydrostatic  head,  the 
lower  average  pressure  during  the  winter  reflecting  the  lower  stage  of 
the    river. 

The  heading  was  always  kept  tight  by  plastering  with  clay,  and 
there  were  no  serious  blows  of  long  duration.  While  the  air  chamber 
in  the  tunnel  was  small,  the  air  lock  was  filled  by  a  direct  connection 
with  the  auxiliary  compressor,  to  avoid  variations  in  pressure  caused 
by  locking   in   directly   from   the  heading. 

Fig.  7  shows  the  geological  formation  through  which  the  siphon 
passed.  As  has  already  been  stated,  the  material  surrounding  the 
shaft  softened  during  the  sinking  of  the  caisson.  Within  15  or  20  ft. 
it  became  somewhat  harder,  but  was  very  porous,  and  crumbled  into 
loose  sand  when  excavated.  A  pocket  of  loose  gravel  in  the  lower 
portion  of  the  top  heading  ran  from  Stations  3  to  5.  On  this  sec- 
tion it  was  necessary  to  carry  the  tunnel  plates  or  poling  boards  to 
the  springing  line,  and  to  brace  the  side  trenches  against  the  bench 
thoroughly.  In  excavating  the  bench,  the  upper  portion  of  the  sides 
was  planked,  and  long  trench  braces  were  placed  horizontally  across 
the  tunnel  about  every  4  ft.  From  Stations  5  to  7  a  pocket  of  large 
boulders,  with  pea  gravel  between,  interfered  somewhat  with  progress. 
The  gravel,  once  started,  ran  like  small  shot,  and  work  progressed 
slowly,  owing  to  the  danger  of  a  slump  in  the  roof  or  breast.  A 
lense  of  exceedingly  hard  and  thoroughly  cemented  gravel,  or  pudding- 
stone,  was  encountered  between  Stations  5  and  6.  The  last  300  ft. 
])rought  to  light  various  pockets,  large  and  small,  of  boulders,  clay, 
gravel,  and  quicksand.  Both  experienced  prospectors  and  amateur 
miners  were  disappointed  in  not  finding  gold-bearing  gravel  under 
the  Colorado,  although  an  incipient  boom  was  started  by  salting  a 
car  of  nuiek  with  brass  filings. 
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From  Station  7  to  the  California  shaft  the  material  was  some- 
what more  favorable,  and  progress  was  steady.  On  April  12tli  a  galvan- 
ized-iron  well  casing  was  encountered.   This  was  one  of  the  original  test 


Elevation  above  mean  sea  level 


wells  sunk  before  the  work  was  started.  On  May  2d  the  California  shaft 
was  reached.  The  concrete  was  roughened  and  grooved  and  the  tun- 
nel concrete  well  bonded  to  it.  The  tracks,  platforms,  and  muck 
were  then  cleaned  out,  and  the  rough  places  in  the  invert  finished  oflF. 
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The  pressure  was  dropped  to  5  lb.,  and  all  leaks,  cracks,  and  porous 
spots  were  marked;  then  the  pressure  was  raised  to  30  lb.,  and 
the  leaks  were  caulked.  The  tunnel  was  then  opened  for  inspection. 
The  leaks  remaining  were  insignificant,  and  the  work  all  appeared  to  be 
in  good  condition.  The  lock  bulkhead,  lock,  and  cage  guides  were  re- 
moved, and  the  quarter  turn  in  the  bottom  of  the  Arizona  shaft, 
described  elsewhere,  was  constructed. 

From  the  time  of  the  installation  of  the  horizontal  lock  to  time  of 
completion  of  the  tunnel,  the  average  progress  was  4^  ft.  per  day. 
The  best  monthly  progress  was  165  ft.,  in  favorable  ground,  during 
Januarv',  1912.  The  slowest  progress  was  during  February,  in  gravel, 
boulders,  and  sand;  in  this  month  a  length  of  100  ft.  of  tunnel  was 
completed. 

Alignment. 

The  elevation  of  the  flow-line  at  the  shafts  is  +  49.  For  100  ft. 
from  each  shaft  the  grade  is  2%  down,  and  between  these  points  the 
bottom  is  level.     The  line  is  straight  between  shafts. 

On  the  surface  a  paraJlel  offset  line  was  run,  there  being  obstruc- 
tions on  the  direct  line.  After  pumping  out  the  Arizona  shaft,  and 
previous  to  the  construction  of  the  air  deck,  the  surface  line  was 
plumbed  down  and  plugs  were  set  in  the  shaft  walls.  After  the  installa- 
tion of  the  horizontal  air  lock,  the  surface  line  was  brought  down  and 
carried  through  the  lock  four  times,  to  eliminate  errors.  The  de- 
tailed operation  was  as  follows : 

The  transitman,  setting  up  on  the  surface  line,  directed  the  plac- 
ing of  two  2  by  3-in.  wrought-iron  staples,  on  each  side  of  the  shaft, 
the  line  falling  witliin  the  cross-bar  of  each  .staple.  These  were  driven 
into  the  solid  crib  timbers  inclined  over  the  shaft,  at  such  an  angle 
that  the  plumb  line,  hanging  over  them,  would  clear  all  obstructions 
below.  The  line  was  marked  on  the  bar  with  a  file,  and  the  steel 
wire  plumb  lines,  carrying  20-lb.  plumb-bobs,  were  placed  in  the  file 
marks.  The  transitman,  by  moving  the  telescope  only  slightly,  or  not 
at  all,  in  a  vertical  direction,  could  then  observe  both  wires  directly 
below  the  points  of  support,  sighting  between  the  legs  and  over  the 
top  of  the  nearer  staple.  The  plumb-bobs  were  hung  in  pails  of  water. 
The  length  of  the  base  line  thus  obtained  was  10  ft.  6  in. 

A  4  by  G-in.  timber  was  placed  across  the  tunnel  end  of  the  air 
lock,  and  securely  wedged  and  braced.     The  transit,  on  a  small  trivet. 
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was  set  on  this  timber  and  lined  in  by  sighting  on  the  plumb  wires, 
oiled  paper  and  a  candle  being  used  for  illumination.  A  scratch  was 
made  on  line  on  the  far  end  of  the  lock,  above  the  door.  A  second 
transitman  stayed  in  the  shaft  to  observe  the  lock  for  motion  due  to 
jarring  or  working  while  the  pressure  was  raised.  The  first  transit- 
man  then  locked  through,  checked  his  setting  on  the  mark  over  the 
lock  door,  plunged  his  transit  and  took  readings  on  two  scales  fixed  in 
the  tunnel  roof  at  30  and  100  ft.  from  the  lock.  Without  lifting  the 
transit,  the  operator  again  locked  out  and  checked  on  the  position  of 
the  plumb  wires  in  the  shaft.  If  the  check  was  unsatisfactory,  the  line 
was  again  locked  through  and  back.  The  transit  was  once  more  set 
up  on  the  surface  and  the  position  of  the  wires  was  checked  back  to  the 
original  line,  thus  completing  the  circuit.  While  the  alignment  work 
was  being  done,  one  of  the  two  cages  was  out  of  commission,  the  plumb 
lines  occupying  the  one  cage  well.  The  work  was  done  at  a  time  when 
all  material  could  easily  be  handled  with  one  cage. 

The  level-work  differed  in  no  way  from  surface  leveling,  a  point 
in  the  lock  being  used  as  a  turning  point.  At  each  setting  of  the  forms, 
a  grade  nail  was  set  in  the  breast. 

In  carrying  forward  the  line  as  the  work  in  the  tunnel  progressed, 
two  2-in.  wrought-iron  staples  were  driven  into  the  roof  at  the  end 
of  every  60-ft.  section,  on  line  and  about  15  ft.  apart.  The  exact  line 
was  marked  wdth  a  file  on  the  cross-bar  of  each  staple,  and  a  plumb 
line  was  hung  in  the  file  mark.  The  work  of  setting  the  forms  preced- 
ing each  run  of  concrete  was  done  with  a  rule,  a  string,  a  plumb-bob, 
and  a  carpenter's  level. 

The  string  was  stretched  to  the  breast,  tangent  to  plumb-lines  hung 
in  the  file  marks,  and  nails  were  set  in  the  breast  and  at  the  end  of 
the  completed  work.  Between  these  was  stretched  a  line,  from  which 
the  foreman  afterward  could  check  the  setting.  Measuring  from  this 
line,  the  wall-plates  were  set  in  the  side  trenches,  exactly  to  line,  and 
approximately  to  grade.  The  first  form  was  brought  in,  bolted  up, 
and  set  nearest  the  breast,  the  ends,  which  were  on  the  horizontal 
diameter,  being  braced  securely  to  line,  as  given  by  the  wall-plates  on 
which  they  rested.  The  grade  was  then  checked  from  the  nail  in  the 
breast,  and  the  rib  was  shimmed  up  to  the  proper  level.  The  interme- 
diate ribs  were  then  set  up  and  quickly  aligned  between  the  pilot  form 
and   the   completed   concrete.      The   cross-section    was   then   measured 
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up,  and  what  slight  trimming  and  shaping  remained  was  done  in 
a  short  time.  The  concrete  of  the  preceding  section  was  cleaned 
and  roughened,  and  the  new  run  started. 

The  setting  of  the  fornu^  for  the  invert  was  somewhat  simpler. 
A  protik'-hulkhead  was  constructed,  made  up  of  three  thicknesses 
of  1-in.  planks,  the  radii  of  the  upper  and  lower  edges  of  the  profile 
corresponding  to  the  inner  and  outward  radii  of  the  concrete  lining. 
It  was  cut  on  radial  lines  into  interchangeable  sections  3  ft.  long, 
the  edges  being  bound  with  iron  and  carefully  trued.  When  the  ex- 
cavation of  a  10-ft.  length  of  invert  was  complete,  the  profile  was  set 
up  at  the  end  of  the  section,  the  line  axid  grade  being  measured 
from  the  completed  concrete  of  the  arch.  The  bulkhead  was  secured 
on  the  concrete  face  by  iron  pins  driven  into  the  ground,  and  was 
wedged  and  braced  against  the  bench.  As  has  been  previously  out- 
lined, the  bottom  was  filled  with  concrete;  12-ft.  lagging  was  then 
laid  on  the  concrete,  one  end  resting  on  the  completed  work  and  the 
other  end  on  the  profile.  The  arch  ribs,  reversed,  were  set  on  the 
lagging,  and  secured  against  uplift  by  wedges  and  a  cross-brace.  The 
lagging  and  the  concrete  were  then  carried  up  together.  The  same  set 
of  profiles  was  used  throughout  the  work.  It  was  impossible  to  check 
the  line  and  grade  at  the  California  shaft  until  the  tunnel  lining  was 
complete  and  sealed  to  the  shaft.  The  differences,  however,  were 
inappreciable,   and   the   adjustment   was   made   in   the  3J-ft.   thickness 

of  the  shaft  lining.  ^  ^ 

Caisson  Disease. 

Doctors  Henri  Ap.Tohn  and  O.  I.  Tower  were  medical  examiners 
for  the  Reclamation  Service.  A  certificate  signed  by  the  examiners 
was  required  before  a  man  was  employed  at  tunnel  work. 

The  proportion  of  green  men  was  necessarily  very  high,  as  there 
has  been  no  compressed  air  work  of  any  magnitude  in  the  region 
supplying  Yuma  with  labor.  About  twenty  seasoned  men,  including 
the  foremen,  were  brought  from  the  East,  and  this  group  remaijied 
throughout  the  work.  The  remainder  of  the  force  shifted  constantly; 
it  was  composed  largely  of  Mexicans  and  "floaters"  who  came  to  spend 
the  winter  in  Yuma.  The  conditions,  therefore,  were  unfavorable, 
as  far  as  the  physical  make-up  and  the  seasoning  of  the  laborers  were 
concerned. 

At  the  start,   when   the  pres.sure  rose   above  30  lb.,   it  was   found 
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necessary  to  cut  down  the  time  spent  under  compressed  air,  so  that 
the  gangs  worked  a  total  of  4  hours  in  the  heading  during  an  8-hour 
shift.  The  larger  number  of  cases  of  "bends"  at  the  start,  under 
conditions  apparently  favorable  as  to  air  supply,  was  undoubtedly  due 
to  the  fact  that  the  highest  pressures,  averaging  more  than  35  lb.,  came 
at  a  time  when  the  majority  of  the  force  was  composed  of  green  men. 
However,  with  the  short  shifts,  there  were  no  fatal  cases.  Later, 
although  the  pressure  was  at  times  as  low  as  27  lb.,  the  same  hours  were 
adhered  to,  it  being  impracticable  to  vary  the  schedules  with  the  vary- 
ing pressures. 

The  time  of  locking  out  was  fixed  at  from  12  to  15  min.,  the  rate 
of  decompression  being  made  constant.  This  rule  was  rarely  violated, 
except  by  the  lock  tenders,  who  were  in  and  out  at  very  short  in- 
tervals, and  whose  tissues  were  never  "saturated"  by  air  under  pressure. 
A  medical  lock,  similar  to  those  used  on  the  East  River  Tunnels,  was 
used  for  recompression  and  treatment  of  cases  of  "bends." 

The  total  number  of  different  men  employed  on  compressed  air 
work,  from  start  to  finish,  was  about  1  300.  All  these  men  had  at 
one  time  to  pass  the  medical  examination.  Some  who  were  passed 
at  first,  but  who  were  very  susceptible,  were  eliminated  later.  How- 
ever, in  those  cases  in  which  the  symptoms  were  merely  pains  in  the 
extremities,  which  were  relieved  by  recompression  or  local  treat- 
ment, the  men  were  at  liberty  to  return  to  work  at  their  pleasure. 
As  the  work  was  done  in  a  small  town,  and  the  men  lived  at  the 
Grovemment  bunk-house  or  at  the  other  rooming  houses  close  at  hand, 
there  were  probably  no  serious  cases  which  escaped  the  notice  of  the 
physicians.     The  records  show  the  following  cases  treated: 

(1)   Cases  causing  disability  for  a  few  hours 299 

(2)'  Cases  causing  disability  from  one  to  three  days.     38 

(3)  Cases  of  partial  paralysis,  including  bladder  and 
lower  extremities,  causing  disability  for  a  few 
weeks   4 

(4)  Cases  of  total  paralysis,  resulting  in  death  in 
three   weeks 1 

Those  in  Groups  (1)  and  (2)  were  largely  cases  of  pains  in  the 
arms  or  legs,  with  a  few  cases  of  vertigo.  These  were  numerous  at 
the  start;  the  most  susceptible  men,  having  suffered  once,  were  usually 
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willing  to  leave  the  work  after  the  experience;  these  cases,  therefore, 
became  of  less  account  as  the  work  progressed.  The  cases  in  Group 
(3)  were  not  traceable  to  extraordinary  conditions  on  the  work  at  the 
time  of  their  occurrence.  They  were  scattered,  and  did  not  coincide 
with  any  noticeable  increase  in  the  other  cases,  and  must  be  laid  to 
unknown  factors  in  the  condition  of  the  men  at  the  time.  The 
one  death  was  of  a  seasoned  man,  who  had  passed  the  medical  test 
and  had  worked  for  some  time.  His  attack  of  paralysis  followed  a 
prolonged  period  of  dissipation  which  left  him  in  poor  health  and 
unable  to  withstand  conditions  w'hich  he  might  otherwise  have 
weathered  successfully.  The  record  of  only  one  death  in  the  large 
number  of  men  employed,  and  that  not  directly  chargeable  to  condi- 
tions on  the  work,  in  a  job  which  lasted  for  10  months,  is  fairly  sat- 
isfactory, as  compared  with  other  records. 

The  experience  at  the  Colorado  Siphon  probably  adds  nothing  new 
to  what  is  known  of  the  contributing  causes  and  the  treament  of 
caisson  disease.  These  have  been  fully  discussed  in  recent  papers 
presented  to  the  Society  or  published  in  engineering  journals. 

California  Shaft — Intake  Structure. 

The  condition  at  the  California  shaft  at  the  commencement  of 
pneumatic  work  has  already  been  described.  The  work  remaining  to 
be  done  at  that  side  of  the  river  was,  first,  the  coristruction  of  a  plug, 
at  the  same  elevation  as  on  the  other  side;  second,  arrangements  for 
making  the  junction  from  the  tunnel  end  and  cutting  through  the 
shaft  wall  without  loss  of  pressure;  and,  third,  the  construction  of 
an  intake  structure. 

The  plug  requires  only  brief  mention.  It  was  of  reinforced  con- 
crete, 4  ft.  thick,  and  17  ft.  in  diameter;  and  was  bonded  and  keyed 
to  the  shaft  wall,  as  on  the  Arizona  side. 

Above  this  there  was  constructed  a  quarter  turn  in  the  shaft, 
to  change  the  direction  of  flow  of  the  water  from  vertical  to  horizontal. 
This  was  of  concrete,  and  built  on  a  center  line  radius  of  8.5  ft. 
Above  the  quarter  turn  there  was  a  reducer,  15  ft.  long,  from  the  shaft 
diameter  of  17  ft.  to  the  tunnel  diameter  of  14  ft. 

The  tunnel  opening  into  the  shaft  was  to  be  between  Elevations 
49  and  63.  A  vertical  timber  bulkhead,  of  two  thicknesses  of  12  by 
12-in.  timbers,  bolted  and  keyed  together,  was  built  across  the  proposed 
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opening.  The  ends  of  the  timbers  were  recessed  into  the  concrete,  and 
a  flooring  and  roofing  of  12  by  12-in.  timbers  placed.  The  space  was 
filled  with  adobe.  La  this  way,  when  the  tunnel  was  cut  through,  it 
would  open  into  a  compartment  entirely  separated  from  the  main 
shaft  by  a  pressure-tight  bulkhead,  and  a  strong,  water-tight  joint 
could  be  made.  The  shaft  outside  of  the  bulkhead  was  filled  with 
sand  and  water  to  Elevation  120. 

Diiring  the  construction  of  the  tunnel  the  work  on  the  intake 
structure  was  completed.  This,  together  with  the  main  check  and 
wasteway,  briefly  described  later,  controls  the  flow  of  water  through 
the  upper  portion  of  the  main  canal  in  Yuma  Valley.     As  may  be  seen 
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by  referring  to  the  plan,  Plate  XL VI,  it  consists  of  a  covered  concrete 
basin  surrounding  the  shaft,  and  a  cylindrical  gate  and  operating  ma- 
chinery by  which  the  basin  may  be  cut  off  from  the  shaft.  As  it 
is  of  somewhat  original  design,  a  more  detailed  description  may  be 
of  value. 

The  main  canal  at  this  point  is  of  trapezoidal  section,  having  a 
bottom  width  of  80  ft.  and  a  water  depth  of  7  ft.  Warped  retaining 
walls  reduce  this  to  a  rectangular  section  72  ft.  wide  and  7  ft.  deep. 
From  a  line  15  ft.  in  front  of  the  center  line  of  the  shaft,  these  walls, 
11  ft.  high,  swing  in,  and  around  the  shaft  on  curves  of  36  ft.  radius, 
compounded  with  curves  of  17  ft.  radius.     At  the  rear  of  the  shaft, 
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vvliere  tliese  walls  meet,  and  at  points  120°  from  it,  are  constructed 
three  piers,  enclosing:  the  guides  for  the  cylinder  gate.  The  floor 
of  the  hasin  is  1  ft.  thii-k,  with  the  top  at  Elevation  125,  wliidi  is  also 
the  elevation  of  the  canal  hottoni.  The  flow  of  water  is  directly  down 
into  the  shaft,  there  heing  no  ohstruction  except  the  guide  piers.  The 
whole  hasin  is  roofed  over  witli  a  reinforced  concrete  girder  floor, 
which  is  oil  a  level  with  the  top  of  the  canal  banks.  On  tliis  floor 
is  built  tiie  operating  tower,  into  which  the  gate  is  drawn  when 
the  siphon  is  in  operation,  and  which  carries  the  operating  machinery. 

The  gate  has  been  described  as  a  "bottomless  tin  can",  set  over 
the  top  of  the  shaft;  it  is  8  ft.  high  and  21  ft.  in  diameter.  When 
it  is  down  on  the  sill,  its  top  is  1  ft.  above  the  normal  water  level 
in  the  canal.  The  skin  plate  is  i  in.  thick,  stiffened  at  the  top  and 
bottom  by  rings  of  3  by  3^  by  f-in.  angles,  which  in  turn  are  supported 
by  3  by  3^  by  jVin-  angles  as  chords.  The  whole  is  held  rigidly  to  a 
circular  shape  by  three  radial  stiffening  or  tie-brace  trusses,  at  120° 
from  each  other,  connected  to  a  cast-steel,  three-winged  center  post. 
The  gate-stems  are  secured  to  the  gate  a,t  these  three  points  on  the 
circumference,  as  are  also  the  guide-bearing  castings. 

There  are  two  types  of  guides,  designated  A  and  B.  The  two  Type 
A  guides  merely  present  a  free  bearing  surface,  which  constrains  the 
gate  only  in  a  radial  direction.  Type  B  guide,  which  is  embedded  in  the 
heavy  rear  pier,  enelases  a.  portion  of  the  bearing  casting  on  the  gate, 
and  thus  prevents  both  radial  and  circumferential  motion.  All  three 
guides  are  single  castings  19  ft.  5  in.  long,  the  lower  2  ft.  being  embedded 
in  the  foundation.  They  are  anchored  in  the  concrete  piers  throughout 
their  length,  and  are  fixed  at  the  top  by  a  triangular  lattice  girder  frame 
which  is  embedded  within  the  girders  of  the  operating-tower  floor. 
The  guides  and  bearings  are  of  cast  iron,  with  machined  wearing 
faces. 

The  circular  cast-iron  sill  on  which  the  gate  rests  is  shown  in  sec- 
tion with  the  gate  on  Plate  XL VIII.  It  is  made  in  six  sections,  bolted 
together,  and  anchored  in  the  concrete.  It  is  bolted  to  the  guides  at 
the  three  points  of  contact.  In  placing  the  sill,  the  shaft  was  trimmed 
out  roughly  to  form  a  bed,  and  the  sill  was  brought  to  grade  with 
iron  shims,  and  grouted  in  place. 

As  previously  stated,  the  cover  of  the  basin  is  a  slab  and  girder 
floor.      It   is   surrounded   on   all    sides   with   a   2-in.    iron-pipe   railing. 
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Above  it  is  the  operating  tower,  of  cylindrical  form,  8  ft.  8f  in.  high, 
which  carries  the  gate-stand  and  operating  machinery,  and  also  forms 
a  sleeve  into  which  the  gate  may  be  drawn.  The  three  gate-stands, 
on  two  shafts  at  right  angles  to  each  other,  are  operated  through  a 
gear  drive  by  a  3-h.p.  continuous  current  motor.  The  gate  weighs 
about  8  tons,  and  in  ordinary  operation  is  raised  and  lowered  at 
the  rate  of  about  2  ft.  per  min.  The  tower  is  accessible  from  the 
floor  of  the  structure  by  a  concrete  stairway.  Four  cast-iron  lamp- 
posts on  concrete  pedestals  are  placed  around  the  structure.  One  of 
the  main  traveled  roads  of  the  Yuma  Indian  Reservation  passes 
around  the  end  of  the  canal  at  this  point. 

The  construction  of  the  intake  was  carried  on  with  the  same 
plant  as  that  used  in  building  the  shaft.  The  foundations  were 
excavated  by  Fresno  scrapers  and  by  hand.  The  foundation  and 
floor  were  reinforced  with  old  rails.  The  proportions  of  the  concrete 
for  the  foundations  were  1:3:6,  and  for  the  remainder  of  the  struc- 
ture, 1:2:4,  granite  screenings  and  sand  being  used  for  the  finer 
material.  The  sand  and  stone  were  shoveled  directly  from  the  stock 
platform  into  the  mea,suring  hopper  of  the  mixer;  and  the  concrete 
was  dumped  into  a  1-cu.  yd.  tip-bucket  and  conveyed  to  the  forms  by 
the  derrick.  Steam  for  the  mixer  and  derrick  was  furnished  by  a 
30-h.p.,  vertical,  tubular,  wood-fired  boiler.  The  face  forms  for  the 
warped  walls  were  built  on  the  ground  in  one  section,  11  by  20  ft., 
of  1  by  6-in.  tongued  and  grooved  lumber,  with  studs  about  3  ft.  apart. 
They  were  lifted  and  carried  to  place  by  the  derrick,  and  sprung  to 
line  and  braced.  Cut-off  walls  were  carried  4  ft.  into  the  ground,  at 
the  ends  of  the  walls  and  at  the  edge  of  the  floor. 

The  intake  was  completed  in  February.  No  additional  work  was 
necessary  at  the  California  shaft,  except  to  remove  the  water  and  sand 
filling,  and  tlie  temporary  wooden  bulkhead,  described  previously,  and 
to  make  the  connection  with  the  tunnel. 

Fig.  1,  Plate  XLVII,  shows  the  placing  of  the  cylinder  gate  on  the 
shaft,  and  Fig.  2,  Plate  XLVII,  shows  the  completed  structure  before 
water  was  turned  into  the  main  canal. 

Outlet  Structure. 

The  outlet  structure  is  of  much  simpler  design,  there  being  no 
control  of  the  flow  at  this  point.  The  construction,  however,  was 
more  difficult,  owing  to  the  topography,  the  want  of  space,  interference 


PLATE  XLVII. 

PAPERS,   AM.  SOC.  C.   E. 

MARCH,   1913. 

SCHOBINGER    ON 

COLORADO  RIVER  SIPHON. 


Ic;.      1.— IMAKK     STRTTTT-KK.        I'l.AClNCi     Cylixdick     Gaii-) 


^k 

jm^ 

1 

n 

-  !      r 

I 

m 

■ 

Kli;.     .1. iN'TAKK     rirrUH'TIT.K     ('oMri. 


I  I 


KiG.   0.--MAIN   Canal.      Chkck  and   W'a.s  ikuav. 


Papers.]  COLOUADO   i;i\  EU  SIPHON  415 

w-ith  the  tunnel  constniction  and  the  phant,  and  tlie  rise  in  ground- 
water at  the  higli  stage  of  the  river.  The  ground  surrounding  the 
Arizona  sliaft  and  for  some  distance  from  tlie  river,  is  high  and  irregu- 
lar in  contour.  The  construction  i)lant  was  grouped  around  the  shaft 
in  a  basin  at  Elevation  147,  which  is  24  ft.  above  the  bottom  grade  of 
the  canal.  The  problem  was  to  construct  the  retaining  walls  without 
interfering  with  the  operation  of  the  compressors,  mixer,  hoist,  and 
boiler  plant.  The  diagram,  Fig.  9,  showing  the  layout  around  the 
shaft  and  the  outlet,  will  make  clear  the  method  of  construction,  which 
was  to  huiUl  tlie  walls  and  foundation  in  a  trench,  the  core  being 
removed  later. 

The  east  wall  was  built  in  two  sections,  numbered  I  and  II  on 
Fig.  9.  Each  section  was  about  30  ft.  long  and  15  ft.  wide.  The 
bottom  of  the  foundation  grade  was  at  Elevation  116.5  in  I  and  at  118.5 
in  II.  Sheeting,  of  2  by  12-in.  planks  20  ft.  long,  was  driven  as  the 
excavation  proceeded,  with  G  by  8-in.  rangers  and  cross-braces  in 
horizontal  bents  about  5  ft.  from  center  to  center.  Ground-water  was 
encountered  at  Elevation  120;  the  soil  was  soft  sand  and  tended 
toward  quicksand  below  ground-water  level.  A  sma.ll  steam  puni]) 
set  in  a  sump  at  one  end  of  the  trench  kept  it  dry.  At  Elevation 
127  a  second  set  of  sheet-piling  was  driven.  When  subgrade  was 
reached,  a  layer  of  crashed  rock  was  placed,  to  provide  drainageway 
and  prevent  the  bleeding  out  of  the  sand  under  the  wall  by  the  flow 
of  the  ground-water.  The  reinforcing  steel  for  the  wall  and  founda- 
tion was  then  thoroughly  wired  in  place,  and  the  foundation  con- 
crete placed.  Forms  for  the  wall  were  built  in  5-ft.  lifts,  the  trench 
bracing  being  removed  and  back-fill  being  placed  as  the  wall  was  car- 
ried up.  The  track  from  the  mixer  to  the  shaft  was  carried  over  the 
trench  on  stringers,  and  the  track  to  the  dump  was  moved  to  the 
other  side  of  the  shaft.  The  concrete  for  the  wall  was  dinted  directly 
from  the  mixer  to  the  forms. 

The  full  length  of  Trench  III  was  opened  at  once;  the  trench 
bracing  and  sheeting  was  similar  to  that  in  the  others.  At  this  time 
the  spring  floods  of  the  river  had  started,  and  the  accompanying 
rise  in  ground-water  was  more  than  5  ft.  It  was  found  impossible 
to  carry  the  subgrade  as  low  as  on  the  opposite  wall,  as  the  upward 
flow  of  water  through  the  ground  grew  too  large  in  volume  to  handle 
conveniently  and  threatened  to  "blow  up"  the  soil  under  the  ends 
of  the  sheeting.     The  subgrade.  therefore,  was  made  at  Klevation  119, 
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and  the  foundation  and  walls  were  constructed  as  on  the  opposite 
side.  As  this  subgrade  is  4  ft.  below  the  flow  line  of  the  canal, 
there  is  small  likelihood  that  the  water  will  scour  to  this  depth.  The 
flow  of  water  through  the  siphon  during  this  irrigating  season  has 
been  only  a  small  portion  of  the  full  capacity  of  the  structure,  and 
the  velocity  at  the  outlet  has  been  relatively  low.  During  the  present 
winter  season  a  concrete  floor  will  be  placed  on  the  canal  bottom 
at  the  outlet,  protecting  the  foundations  against  scour  at  full  flow. 

The  retaining  walls  are  designed  to  resist  an  uplift  due  to  a  G-ft. 
head  of  water,  combined  with  a  pressure  on  the  ba.ck  of  wall  due  to 
an  angle  of  repose  of  17°  30'.  The  wall  is  3  ft.  thick  at  the  base,  and  has 
a  batter  on  the  back  of  1  in  12.  The  is  at  Elevation  141.  From 
the  top  of  the  wall  the  ground  slopes  back  at  a  2:1  slope  to  Eleva- 
tion 150.  There  is  a  berm  IG  ft.  wide  for  a  road,  and  back  of  it  a 
gravel  and  sand  hill. 

The  work  remaining  to  be  done  from  the  Arizona  shaft  was  the 
removal  of  the  tunnel  floor,  the  lock,  and  the  bulkhead,  the  cleaning 
up  of  the  tunnel,  the  removal  of  the  cage-guides,  gallows  frame,  and 
cribbing  from  the  shaft,  and  the  construction  of  a  quarter-turn  goose- 
neck at  the  bottom  of  the  shaft,  enlarging  the  diameter  of  the  tunnel 
to  that  of  the  shaft. 

The  shape  and  dimensions  of  the  gooseneck  are  shown  on  Plate 
XLVIII.  The  changes  in  direction  and  velocity  are  easy,  and  there 
will  probably  be  no  great  loss  of  head  at  full  capacity.  Circular  forms 
were  built  on  radial  lines,  and  the  lagging  was  brought  up  and  the  con- 
crete placed  in  3-ft.  or  4-ft.  lifts.  The  last  work  done  before  the  run- 
ning of  water  was  the  removal  of  these  forms. 

On  the  ground  between  the  retaining  walls,  where  the  canal 
leaves  the  shaft,  there  were  the  hoist,  boiler  plant,  one  small  compressor, 
and  the  change  room.  The  hoist  was  removed,  and  a  small  hoist  was 
set  temporarily  on  the  opposite  side  of  the  shaft.  The  boiler  plant 
was  needed  only  for  the  derrick  and  hoist,  as  at  this  time  the  pres- 
sure was  being  lowered  in  the  tunnel,  and  the  compressors  had  stopped. 
The  office  was  removed,  and  a  temporary  installation  of  three  boilers 
was  made  at  this  point,  and  evei-ything  was  removed  from  the  canal 
right  of  way.  The  excavation  of  the  canal  had  been  proceeding  from 
the  other  end  of  the  heavy  cut  section  with  Fresnos  and  wheelers,  and 
the  short  piece  remaining  between  the  comjdeted  portion  and  the  shaft 
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was  now  removed.  Owing  to  the  rise  in  ground-water  it  was  impos- 
sible to  excavate  lower  than  2  ft.  above  the  final  bottom  grade  of  the 
canal,  but  a  channel  sufficiently  large  to  carry  all  the  water  required 
this  season  was  cut  through. 

The  flow  of  water  in  the  siphon  may  be  controlled  at  the  California 
shaft,  or,  in  case  of  accident  to  this  structure,  at  the  main  check 
and  wasteway,  ^  mile  up  stream.  This  structure,  Fig.  3,  Plate  XLVII, 
consists  of  a  concrete  check  v/ith  seven  steel  buckle-plate  gates,  and  a 
concrete  turnout  and  waste  channel  capable  of  taking  the  full  flow  of 
the  canal.  The  waste  channel  leads  to  the  Colorado  River.  The  gates 
of  the  check  and  wasteway  may  be  operated  by  hand  or  by  electrical 
power. 

Water  was  turned  through  on  June  30th,  1912.  The  consumption 
of  water  in  Yuma  Valley  has  not  approached  the  maximum  capacity  of 
the  siphon  and  will  not  for  several  years  to  come.  At  present,  the  flow 
is  about  300  sec-ft.,  of  which  about  100  are  wasted  to  the  river  on  the 
Arizona  side.  The  velocity  in  the  shafts  and  tunnel,  therefore,  is 
low,  being  slightly  greater  than  the  silting  velocity.  Soundings  taken 
in  the  shafts  indicate  that  little  or  no  silting  has  taken  place.  The 
cylinder  gate  is  ordinarily  kept  raised  about  6  in.  from  the  sill.  The 
velocity  of  the  water  between  the  gate  and  the  sill,  therefore,  is  about 
9  ft.  per  sec. 

The  completion  of  the  siphon  makes  available  for  irrigation  by 
gravity  the  upper  portion  of  the  Colorado  River  delta,  one  of  the  most 
fertile  tracts  of  land  in  the  United  States.  The  canal  system  in  the 
Yuma  Valley  is  about  65%  completed;  it  comprises  35  miles  of  main 
canal  and  120  miles  of  laterals.  The  system  has  been  in  successful 
operation  during  the  1912  irrigation  season. 

Francis  L.  Sellew,  M.  Am.  Soc.  C.  E.,  has  been  Project  Engineer 
of  the  Yuma  Project  since  1906.  During  this  period  Laguna  Dam, 
the  levee  system,  the  system  of  main  canals  and  laterals,  and  the 
Colorado   River   Siphon   have   been   constructed. 

The  work  on  the  shafts,  previous  to  the  commencement  of  pneu- 
matic work,  was  under  the  superintendence  of  Messrs.  R.  P.  Marable 
and  F.  W.  Hall,  with  Mr.  R.  M.  Priest  as  Assistant  Engineer.  F. 
Teichman,  M.  Am.  Soc.  C.  E.,  designed  the  intake  structure  and  the 
cylindrical  gate.  On  the  tunnel  construction  work,  E.  C.  Hayden, 
Assoc.  M.  Am.  Soc.  C.  E.,  was  Superintendent  of  Construction,  and 
the  writer  was  Assistant  Engineer. 
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RAILWAY  TRACK   CONSTRUCTION. 

Discussion.* 


By  a.  0.  Polk,  Assoc.  M.  Am.  Soc.  C.  E.f 


A.  C.  Polk,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  point  Mr. 
lirou^ht  up  by  Mr.  Tratman,  with  reference  to  the  use  of  ordinary 
bricks  tilted  so  that  one  end  fits  under  the  rail  head,  is  noted.  This 
method  gave  very  poor  results  on  some  track  which  had  already  been 
I)laced  in  Springfield;  in  fact,  a  great  deal  of  the  work  was  done  in 
this  manner  previous  to  the  time  when  the  writer  commenced  work 
there.  It  was  found  that  teams  and  loaded  wagons  had  great  difficulty 
in  turning  out  from  in  front  of  cars,  and  a  great  many  wheels  of 
vehicles  were  broken.  The  flangeway,  as  formed  in  the  Springfield 
work,  will,  no  doubt,  wear  down  somewhat  on  the  edges  of  the  bricks 
next  to  the  rail,  but  on  one  piece  of  work  which  was  in  use  li  years 
there  was  no  serious  trouble,  and  no  undue  amount  of  wearing  had 
ta.ken  place.  In  practically  every  type  of  consti-uction  the  wear  is 
greatest  at  this  point,  no  matter  how  the  paving  is  placed. 

The  crowning  of  the  pavement,  as  criticised  by  Mr.  Tratman,  al- 
tliough  making  a  slightly  uneven  contour  in  the  street,  does  not  seem 
to  cause  any  trouble  with  traffic;  wagons  and  vehicles  are  able  to  turn 
out  without  any  diffietilty,  and  the  uneven  contour  is  scarcely  notice- 
able. The  city  authorities  and  the  public  both  thought  this  construc- 
tion a  great  improvement  over  the  old  type  of  placing  the  brick  under 
the  rail  head,  and  were  very  much  pleased  with  it. 

The  type  of  construction  described  by  Mr.  Howe,  namely,  6  in.  of 
ballast  under  the  ties  and  then  concrete  on  top  as  a  paving  foundation, 
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Mr.   was  used  by  the  writer  in  Mobile  in  placing  a  very  busy  cross-over. 

^°"''  Eeports   indicate  that  it   stood  up  very  well  under  the  constant  and 

heavy  traffic,  and  the  writer  has  no  doubt  that,  as  a  cheaper  method  of 

construction,  this  type  answers  very  vrell,  but  he  would  not  consider  it 

as  of  a  permanent  nature. 

The  decision  to  put  in  the  type  used  in  the  Springfield  work  was 
arrived  at  from  previous  experience  with  cheaper  types,  where  it  was 
shown  that  in  the  long  run  they  were  far  more  costly  than  a  permanent 
and  rigid  construction. 

One  thing  to  be  noted  in  connection  with  the  Springfield  work  was 
the  adoption  of  a  standard  section  of  rail  of  the  Am.  Soc.  C.  E.  pattern. 
This,  of  course,  made  the  cost  less  than  it  would  have  been  with  a  girder 
rail. 

Mr.  Howe's  method,  as  used  in  Oakland,  seems  to  the  writer  to  be 
an  excellent  compromise,  where  it  is  not  possible  to  put  in  a  more  ex- 
pensive type. 

It  is  noted  that  Mr.  Mitchell  has  had  very  poor  results  with  the 
concrete  beam  construction.  The  writer,  however,  has  had  quite  the 
contrarj^  experience  where  the  concrete  beam  has  been  placed  and  has 
been  reinforced  with  twisted  steel  rods,  as  in  the  type  described. 

The  rail  ends  were  not  ground  on  the  Springfield  work.  Although, 
no  doubt,  this  is  a  most  excellent  additional  precaution,  there  was  no 
visible  sign  of  any  movement  at  the  joints,  after  the  first  work  at 
Springfield  had  been  down  12  or  14  months.  As  a  matter  of  fact, 
it  was  very  difficult,  indeed,  to  discover  the  joints  at  all. 

All  the  bolts,  as  mentioned  by  Mr.  Mitchell,  were  driven  to  an 
extremely  tight  fit.  There  was  no  trouble  from  cupping  on  any  work  of 
this  class,  some  of  it  having  been  in  service  more  than  two  years,  not 
only  at  Springfield,  but  at  other  places.  A  great  deal  of  the  strength 
and  rigidity  of  the  Springfield  joints  was  due  to  the  type  of  plate  used. 

It  is  noted  that  Mr.  Vorce  also  has  had  poor  results  with  the  beam 
type  of  construction,  but  he  does  not  state  whether  he  used  a  reinforced 
beam.  The  writer  believes  that  this  reinforcing  has  a  greal  deal  to  do 
with  the  character  of  the  beam  construction,  and  makes  it  a  decidedly 
different  proposition  from  a  beam  which  has  no  reinforcement.  There 
is  no  doubt  that  poor  foundations  would  affect  the  failure  of  the  beam, 
but  reinforcement,  properly  placed  and  in  sufficient  quantity,  would 
hold  where  a  straight  concrete  beam  of  larger  section  would  fail. 

The  writer  does  not  agree  entirely  with  Mr.  Vorce  in  his  state- 
ment that  a  hard,  rigid,  inelastic  track  is  undesirable.  As  a  matter  of 
fact,  as  soon  as  a  track  foundation  is  put  down,  in  a  street  paving  in 
which  there  is  any  movement  at  all,  the  surrounding  pavement  com- 
mences to  work,  and  in  a  very  short  time  will  be  broken  up  and  de- 
stroyed. The  writer  is  inclined  to  believe  that,  in  building  in  an  ex- 
pensive and  costly  pavement  where  there  is  considerable  traffic,   and 
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where  rebuilding  is  almost  prohibitive,  it  is  far  cheaper  in  the  long   Mr 
run  to  put  down  a  solid,  heavy  roadbed. 

The  wooden  ties  would  probably  be  satisfactory,  but  the  writer  is 
of  the  opinion  that,  if  they  are  to  be  used  in  a  permanent  structure,  it 
would  be  desirable  to  place  tie-plates  on  them,  which  would,  no  doubt, 
add  to  the  life  and  reinforcement  of  the  track. 

The  writer  has  mentioned  the  criticism  as  to  the  grinding  of  the 
rail  ends,  and  although  it  may  be  that  the  matter  is  of  more  vital 
importance  than  ho  considers  it,  his  experience  on  two  previous  con- 
struction jobs,  of  the  character  illustrated  in  the  paper,  did  not  show 
that  planing  off  the  rail  was  nearly  as  essential  as  the  proper  placing 
of  the  joints  and  of  the  concrete  around  the  ties,  with  a  big,  heavy  tie 
under  the  joint,  also  the  additional  reinforcement  at  this  point. 

Mr.  Vorce's  description  of  the  work  in  Vancouver  is  certainly  most 
interesting,  and  should  be  of  considerable  value  to  any  one  interested 
in  this  particular  type  of  work. 

The  writer  is  very  much  pleased  to  have  heard  from  the  various 
members  who  have  discussed  his  paper,  and  to  have  had  other  views 
than  his  own  expressed  in  this  matter. 
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]\\   MissNs.  TT.  T.  (^)HV.  O.  C  Mi;i{|{1li„  Wim-iam  (i.   I)a\ii;s, 
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H.  T.  CuRY,  M.  Am.  kSoc.  C.  E.  (by  letter). — This  paper  is  nuich  Mr. 
more  than  timely,  and  is  exceedingly  interesting,  because,  in  the  "  ■ ' 
Western  States  particularly,  the  water  laws  are  of  vital  importance, 
not  only  to  very  many  engineers  and  individual  owners,  but  to  the 
general  public  That  there  could  jirevail,  in  the  United  States  at 
the  present  time  such  absurd  conditions  as  exist  in  California  and 
other  Western  States,  is  impossible  to  grasp  fully  until  one  comes  into 
direct  contact  therewith.  The  notable  exceptions  are  Wyoming  and 
Oregon;  and  it  seems  probable  that  within  a  very  few  years  most  of 
the  really  Western  States,  if  not  all,  will  have  improved  matters 
greatly.  Two  years  ago  the  California  Legislature  created  a  State 
Jk)ard  of  Water  Control  and  a  State  Conservation  Connnission,  and 
one  year  later  changed  the  former  to  the  State  Water  Commi.ssion. 
At  the  same  time,  and  after  the  passage  of  an  amendment  to  the 
State  Constitution,  it  made  a  public  utility  commission  of  the  State 
Railroad  Commission.  As  one  result  nf  tlie  work  and  experiences  of 
these  various  commissions,  Califoniin  will  dmibtless  fall  in  line,  within 
the  next  three  months,  with  what  is  hi>|)ed  will  be  the  latest  word  in 
water-right  legislation. 

The  final  draft  of  the  bill  which  will  thus  be  presented  to  the 
Legislature  by  the  administration  in  January,  1913,  has  not  been  made 
public.  It  is  certain,  however,  that  it  will  follow  closely  the  Wyoming 
and   Oregon   precedents   in   general,   that   is,  declare   all  water  within 
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Mr.  the  State  to  be  the  property  of  the  public;  distinguish  clearly  between 
°^^'  the  right  to  water  and  the  right  to  use  water;  make  beneficial  use  of 
the  basic  principle — priority,  purpose,  period,  place,  and  quantity; 
provide  for  determination  and  certification  of  existing  vested  interests, 
and  sane  supervision,  control,  and  certification  of  appropriations  in  the 
future.  Due  to  the  experience  of  the  Railroad  Commission,  the  pro- 
visions for  reviewing  the  acts  of  that  body,  as  well  as  numerous  other 
features  of  the  Public  Utilities  Bill,  will  no  doubt  be  adopted  almost 
verbatim  for  governing  the  work  of  the  Water  Commission. 

The  more  important  of  these  are  as  follows:  A  commission  of 
five  appointed  by  the  Governor,  and  not  elected  or  constituted  ex- 
officio;  five-year  appointments,  with  provision  for  recall  by  two-thirds 
vote  of  the  members  of  each  branch  of  the  Legislature;  provision  for 
investigation  or  hearing  by  any  one  commissioner  and  making  every 
finding  or  decision  of  such  single  commissioner,  when  approved  by  the 
Commission,  binding;  power  to  determine  existing  rights  and  limit 
them  to  reasonable  needs;  power  to  order  improvements  for  prevent- 
ing water  waste;  power  to  subpoena  and  compel  attendance  of  witnesses 
and  take  depositions;  provision  that  all  official  documents  and  orders 
filed,  when  certified  by  a  commissioner  or  the  secretary  under  seal,  shall 
be  evidence  in  like  manner  as  originals,  and  may  be  recorded;  pro- 
vision that  no  cause  of  action  shall  accrue  in  any  Court  unless  applica- 
tion shall  have  been  made  to  the  Commission  for  a  re-hearing,  prior 
to  the  effective  date  of  orders  or  decision;  orders  of  Commission  must 
be  obeyed  pending  re-hearing,  except  as  Commission  may  direct  by 
order;  power  to  modify  orders  after  re-hearing;  and,  finally,  that  only 
the  State  Supreme  Court  may  review  any  finding,  time  of  appeal 
limited  to  thirty  days  after  rendering  of  decision  on  re-hearing,  but 
no  new  or  additional  evidence  may  be  introduced  in  the  Supreme 
Court,  and  the  cause  must  be  heard  on  the  record  of  the  Commission 
as  certified  by  it.  The  review  is  limited  to  determination  of  whether  the 
Commission  has  regularly  pursued  its  authority,  including  a  determina- 
tion of  whether  the  order  or  decision  imder  review  violates  any  con- 
stitutional right  of  the  appellant — in  other  words,  the  findings  and  con- 
clusions of  the  Commission  on  questions  of  fact  are  final  and  not  sub- 
ject to  review,  such  questions  of  fact  including  ultimate  facts. 

Further,  in  the  Railroad  Commission  Act,  in  the  absence  of  a 
definite  order  by  the  Supreme  Court,  the  Commission's  order  or  decision 
is  operative,  pending  final  decision;  and,  if  the  Court  stays  or  suspends 
the  operation  of  all  or  any  part  of  the  Commission's  order,  such  stay 
or  suspension  must  contain  a  specific  finding,  based  on  evidence  sub- 
mitted to  the  Court  and  identified  by  reference  thereto,  that  great 
or  irreparable  damage  would  otherwise  result  to  the  petitioner,  and 
specify  the  nature  of  such  damage,  and  require  filing  of  a  suspending 
bond  before  the  Court's  order  becomes  effective. 
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Lastly,   it   is   provided    that    nil   actioTis   niid   iiroccodiiifis   under   that    Mr. 
act  shall  bo  heard  and  determined   in  preference  to  all  civil   business, 
except  election  causes,  irrespective  of  position  on  the  calendar. 

The  Railroad  Commission  has.  and  the  Water  Commission  doubt- 
less will  lia\c.  the  right  and  the  duty  to  intervene  in  any  civil  action 
wlierc'iii  (he  iiiten^sts  of  the  Commonwealth  may,  in  their  opinion, 
be  eoiieerned.  and  also  initiate  proceedings  without  being  petitioned 
so  to  do. 

It  is  provided  that  if  any  portion  of  tlie  act  be  held  to  be  uncon- 
stitutioiuil  for  any  rea.son,  the  validity  of  the  remaining  portions  shall 
not  be  affected;  and  it  is  stated  that: 

"The  Legislature  hereby  declares  that  it  would  have  passed  this 
act,  and  each  section,  subsection,  sentence,  clause,  and  phrase  thereof, 
irrespective  of  the  fact  that  any  one  or  more  sections,  subsections, 
sentences,  clauses,  or  phrases  be  declared  unconstitutional." 

The  provision  for  making  the  Water  Commission's  decisions  or 
orders  binding,  with  api)eal  permitted  only  to  the  Supreme  Court  on 
exclusively  legal  features,  is,  in  the  writer's  opinion,  a  very  funda- 
mental and  far-re^iching  improvement  over  the  procedure  in  Oregon 
or  Wyoming.  Several  of  the  other  features  mentioned  are  distinct  im- 
provements, which  though  relatively  minor,  are  nevertheless  important. 

The  author's  suggestion  of  equally  stringent  and  positive  National 
water  laws  and  control,  rather  naturally,  though  quite  unnecessarily, 
leads  him  to  take  up  and  discuss  the  water-power  policy  of  the  United 
States,  which  is  practically  synonymous  with  conservation,  as  politic- 
ally understood.  It  seems  to  the  writer  that  a  National  Water  Com- 
mission, related  to  State  Water  Commissions  in  almost  identically 
the  same  way  as  the  Interstate  Commerce  Commission  (in  transporta- 
tion matters)  is  related  to  the  State  Eailroad  Commissions,  could  be 
arranged,  and  fill  the  need  exactly.  General  objections  to  "Bureaus 
in  Washington"  certainly  do  not  apply  to  the  Interstate  Commerce 
Commission,  and  would  have  no  weight  with  any  other  National  com- 
mission clothed  with  powers  like  the  California  or  Oregon  Water  Com- 
missions or  many,  and  especially  the  California,  Public  Utility  Com- 
missions. On  the  other  hand,  public  sentiment,  very  effective  control 
and  regulation  of  public  utilities,  and  conservation  of  the  natural  re- 
sources for  the  public  by  State  authorities — especially  in  the  "Pro- 
gressive West" — have  developed  to  such  a  jjoint  that  it  is  beginnitig  to 
be  safe  for  the  National  authorities  to  begin  to  release  their  powers 
gradually  to  those  of  the  individual  States. 

The  essential  thing  is  "Conservation",  and  whenever  it  can  cer- 
tainly be  obtained  by  State  authorities — and  not  an  instant  before — 
the  National  Government  should  relieve  itself  of  the  responsibility, 
because  more  flexibility  and  better  adaptation  of  control  to  local  con- 
ditions must  result.     The  time  is  not  yet  rii)e,  and  never  may  be,  with 
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Mr.    water-power  and  forests,  for  example,  but  it  is  with  some  other  things; 
^°^^'  and  the  civic  awakening  of  the  American  public  in  very  recent  years 
is  one  of  the  most  striking  and  significant  phenomena  of  the  present 
time. 

The  author's  suggestion  as  to  the  National  Government  developing 
power  and  supplying  it  at  cost  is  exceedingly  interesting,  particularly 
because  it  was  made  at  all.  By  virtue  of  their  relationships,  the  mem- 
bers of  this  Society  are  probably — next  to  bankers  and  a  few  other 
types — the  most  politically  conservative  people  in  the  Commonwealth. 
That  a  member  should,  in  a  paper  before  this  Society,  frankly  and 
nonchalantly  advocate,  not  only  public  but  National  ownership  and 
operation  of  such  a  public  utility  as  electric  power,  seems  to  the  writer 
most  significant  of  the  rapid  changes  in  progress  throughout  American 
society. 

The  writer  feels  strongly  that  such  a  thing  would  be  unwise,  and 
believes,  with  Mr.  Dillman,  that  effective  regulation,  with  a  reasonable 
premium  on  able  management,  is  preferable  to  public  ownership,  and 
would  result  in  lower  cost  to  the  consumer;  but,  while  that  may  be  true 
in  general,  it  is  not  always  the  case,  and  irrigation  and  the  lleclamation 
Service  is  at  least  one  notable  exception.  In  opposing  an  idea  nothing 
is  truly  gained  by  refusing  to  acknowledge  antagonistic  facts  and  argu- 
ments— usually,  the  effect  i-s  exactly  the  opposite. 

The  writer  believes  the  conditions  aifeeting  the  wisdom  of  (Jovern- 
mental  construction  and  operation  of  power  and  irrigation  projects  in 
the  West  are  fundamentally  different.  Power  installations  are  almost 
invariably  put  in  by  well-managed  corporations,  and  the  markets  are  in 
large  part  now  supi)lied  by  jirivate  aggregations  of  capital,  and  the  effect 
on  these  by  the  Government  supplying  additional  energy  at  cost,  would 
be  serious  and  really  unju.st.  The  U.  S.  Reclamation  Service,  on  the 
other  hand,  always  deals  with  projects  which  are  entirely  self-contained 
and  so  does  not  aifect  the  value  of  other  privately  or  mutually  controlled 
works,  even  if  in  the  immediate  vicinity.  Furthermore,  due  to  chaotic 
and  most  unwise  laws,  no  well-managed  private  capital  would  deal  with 
the  irrigation  situations  comprehensively  or  wisely.  Private  irriga- 
tion projects  have  with  very  rare  exceptions  fared  so  disastrously 
throughout  almost  the  entire  West  that  it  is  almost  impossible  to  secure 
capital  for  such  work.  Indeed,  that  is  one  of  the  chief  reasons  for 
improved  State  and  National  water-right  laws  discussed  in  this  paper. 

The  lleclamation  Service  has  since  its  beginning  expended  about 
$75  0(X)  000  in  irrigation  construction,  and  is  now  working  at  the  rate 
of  about  $1000  000  monthly.  During  the  past  season  (1912)  it  was 
ready  to  supply  water  for  about  1  200  000  acres  out  of  3  000  000  acres 
for  which  the  works  are  being  constructed.  The  cost  per  acre  ranges 
from  $22  to,  in  one  instance,  $95,  with  an  average  of  between  $50  and 
$00.    In  few,  if  any,  instances  has  any  portion  of  such  cost  been  paid 
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as    yet    l)y    the    land    owners,    yet    llic    scliiii-^-    price    of    land    iitnlcr    tlui    Mr. 
various   projects — with    the    ( iuvtriiiiinil    charj^es   yet   to    he    iiaid — has  ^'°'^^' 
iiivariahly   increased,    in    seme    inslnnees   hy    more   than   $15(1   i)er   acre. 
1  he  works  installeil  ha\c  unilorndy  i)een  sti'ietly  first  chxss,  often  monu- 
mental, sometimes  pos-sihly  uneeonomieally  so.     In  an.y  event,  the  course 
of  Western  irrif-ation — flimsy  construction — lias  been  avoided. 

In  sjiiiit,  the  Keclaniation  Service  has  been  doing  a  grand  work,  and 
if  its  operations  were  a  measure  of  what  might  be  expected  of  CJov- 
(M-nnient  ownership  as  a  whole,  the  proponents  of  such  a  policy  would 
have  a  very  strong,  if  not  convincing,  case.  Its  publicity  department 
has  l^een  verj^  efficient,  but,  on  the  other  hand,  it  has  gotten  its  result 
at  a  marvelou.sly  small  outla.v,  and,  even  so,  the  people,  for  whom  the 
primary  purpose  is  supplying  homes,  are  coming  to  the  various  projects 
all  too  slowly.  This  is  almost  entirely  because  the  "back  to  the  land" 
cry  is  a  thing  in  which  man.y  join  but  few  practice.  The  majorit.y  of 
the  people,  like  the  writer,  prefer  to  live  in  the  city. 

The  Reclamation  Service  has  made  not  a  few  mistakes — it  would  be 
miraculous  if  it  had  not,  considering  the  magnitude  of  its  operations — 
and  even  many  of  its  .su])])orters  feel  that  a  frank  admission  of  them 
would  have  made  its  po-ition,  among  those  whose  opinions  are  worth 
while,  stronger  than  it  is.  Indeed,  the  writer  has  urged  that  comprehen- 
sive and  detailed  papi'rs,  with  comi)lete  cost  data,  be  presented  to  this 
Society  on  each  of  the  projects,  preferably  all  at  one  time,  to  make  a 
volume  of  Transactions,  or  a  series  of  volumes,  similar  to  those  de- 
scribing the  new  Pennsylvania  Terminal  in  New  York  City.  Oppor- 
tunity to  discuss  matters  would  relieve  the  minds  and  hearts  of  those 
who  feel  that  criticism  is  due,  and,  besides,  the  results  of  engineering 
experience  of  a  Government  department  should  be  published  in  deta.il 
for  the  benefit  of  the  Profession  generally,  and  not  kept  within  the 
confines  of  that  bureau's  staflf.  It  is  earnestly  hoped  that  this  sugges- 
tion will  be  followed. 

Nevertheless,  based  on  a  fairl.y  complete  knowledge  of  only  the 
Salt  River,  Yuma,  and  Orland  Projects  of  the  Service,  and  the  observa- 
tion and  stud,v  of  data  examined  during  eight  years  with  the  Ilarriman 
Lines  in  California,  Arizona,  and  Mexico — six  years  as  a  maiiatcnance 
and  operation  official,  with  unusual  opportunities  to  observe — the  writer 
is  convinced  that,  in  these  three  projects  at  least,  the  Reclamation 
Service  gets  more  actual  work  for  a  dollar  than  do  the  Harriman 
Lines.  Such  a  statement,  of  course,  is  a  judgment  reached  in  a  general 
way,  because  the  character  of  the  work  done  by  the  two  organizations 
is  so  fundamentally  different  as  not  to  permit  of  analytical  detailed 
comparison  item  by  itinn.  Nevertheless,  the  writer  feels  very  positive 
in  this  judgment  and  could  cite  very  many  instances,  some  minor  and 
some  fundamental,  in  support,  though  naturally  many  of  the  data  at 
hand  bearing  on  the  matter  could  ]iot  i)ro])erly  be  given  out.     Such  a 
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Mr.  result  is  due  to  the  fact  that  National  politics  has  been  eliminated  from 
'^^^'  the  Service,  but  still  affects  the  Harriman  Lines  somewhat;  that  the 
Director  of  the  Service  has  more  authority  and  freedom  in  using  his 
individual  judgment  than  even  Mr.  Lovett  of  the  railroads  has,  let 
alone  the  local  presidents;  that  the  head  officials,  and  consequently 
the  general  ideas  of  management  of  these  railroads,  have  been  changed, 
and  the  Director  of  the  Service  has  not;  that  there  is  much  less  internal 
politics  in  the  Service;  and  the  Service  organization  and  work,  as  yet 
at  least,  has  not  brought  about  the  sharply  drawn  lines  of  cleavage  be- 
tween various  departments  and  the  leveling  routine  of  "common  stan- 
dard" methods,  channels  of  communication,  limitations,  prerogatives, 
etc.,  of  the  railroad. 

The  writer  firmly  believes  that  effective  regulation  of  public  utilities 
is  greatly  to  be  preferred  to  Government  ownership  in  general,  and  one 
important  reason  is  the  inefficiency  of  unwieldly  organizations.  The 
Reclamation  Service  is  one  of  the  smallest  departments  of  the  Govern- 
ment, and  its  efficiency  is  less  than  if  it  were  smaller.  A  Government 
power  service  would  be  considerably  larger,  to  develop  any  considerable 
percentage  of  unutilized  water-powers,  and  immensely  larger  than  any 
private  corporation  would  ever  be. 
Mr.  0.  C.  Merrill,  M.  Am.  Soc.  C.  E.  (by  letter). — There  are  certain 

'  fundamental  questions  in  connection  with  water  rights,  the  determina- 
tion of  which  is  necessary  before  a  definite  and  consistent  policy  can  be 
adopted  or  executed.  Some  of  these  questions  have  been  brought  to  an 
apparently  satisfactory  solution  in  one  or  more  of  the  Western  States, 
and  a  more  or  less  standard  practice  has  arisen  concerning  them.  Most 
of  the  so-called  "arid"  and  "semi-arid"  States,  following  the  early 
lead  of  Wyoming,  have  provided  means  for  the  determination  and 
adjudication  of  old  water  rights,  for  acquiring  new  rights,  and  for 
distributing  the  decreed  water  among  the  users.  The  most  notable 
exception  in  this  respect  is  California.  One  need  not  go  far  to  find 
the  explanation.  Except  for  certain  recent  attempts,  of  somewhat 
doubtful  value,  to  alter  the  statutory  law  of  appropriation,  California 
is  still  struggling  along  under  a  statute  and  a  practice  devised  for  and 
applicable  to  only  pioneer  conditions.  Along  with  this  has  gone  a  line 
of  decisions  by  the  Courts  constantly  tending  to  saddle  more  firmly 
upon  the  State  the  outworn  and  inapplicable  doctrine  of  riparian 
rights. 

It  is  true  that  the  strict  common  law  rule  has  been  modified  to  the 
extent  of  recognizing  the  co-relative  rights  of  riparian  proprietors 
to  the  use  of  the  waters  of  a  stream,  even  to  depletion.  The  Courts 
have  also  recognized  rights  acquired  by  direct  appropriation,  if  at 
the  time  of  the  appropriation  the  lands  below  the  point  of  diversion 
and  riparian  to  the  stream  were  in  public  ownership,  a  condition  that 
at  the  present  time  is  so  nearly  non-existent  as  to  be  negligible.     The 
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theory  has  been  th:it  :it  one  Lime  hoth  hinds  and  water  rights  were  Mr. 
in  public  ownershij);  iliat  the  Government  provided  a  procedure  for  ^®'''''"- 
the  ai)propriation  of  the  huids,  and  acquiesced  in  the  appropriation 
of  the  water  apart  from  tlie  hinds;  and  that,  whenever  riparian  laiids 
were  ajipropriated  under  the  i)ublie  land  hiws,  the  full  riparian  right 
to  the  water  immediately  and  automatically  attached  to  the  land,  sub- 
ject only  to  two  limitations:  first,  the  superior  rights  of  prior  apinojjria- 
tions  of  water;  and,  second,  the  co-relative  rights  of  all  other  riparian 
proprietors.  Priority  of  right  to  the  use  of  water  w^as  made  to  depend 
on  priority  of  time  of  appropriation,  whether  such  appropriation  was 
of  water  directly,  or  of  land  carrying  with  it  a  riparian  right. 

The  only  fully  recognized  water  right  by  appropriation  is  one  from 
a  stream  on  which  there  are  no  private  riparian  lands  at  the  time  of  the 
appropriation.  Wlien  once  a  piece  of  riparian  land  has  passed  into 
private  ownership,  thereafter  no  right  to  divert  water  above  such 
riparian  land  for  use  on  non-riparian  la.nd  can  be  acquired,  except  upon 
the  acquiescence  or  neglect  of  the  riparian  owner- — that  is,  by  right 
of  prescription.  ISTo  right  to  divert  water  below  riparian  land  can  be 
secure  against  tlu'  possibility  of  complete  depletion  of  the  stream  by 
upper  riparian  proprietors.  This  is  the  "California  doctrine  of  ap- 
propriation." Moreover,  even  this  is  complicated  by  the  existence  of 
water  rights  in  connection  with  the  old  Spanish  land  grants — rights  de- 
rived neither  by  statutoiy  appropriation  nor  under  the  common  law, 
but  in  accordance  with  the  civil  law  of  the  Spanish  colonists. 

The  situation  that  exists  is  not  one  of  mere  academic  interest; 
it  has  very  practical  consequences.  Relying  on  the  rulings  of  the 
Courts,  certain  landed  interests  in  the  San  Joaquin  Vallej^  for  ex- 
ample, appear  to  have  made  a  business  of  levying  tribute  on  all  appro- 
priators  of  water  from  streams  tributary  to  the  San  Joaquin  River, 
regardless  of  whether  the  intended  use  had  any  effect  at  all  on  the 
amount  of  water  which  would  reach  the  riparian  lands.  The  writer 
has  been  informed  of  instances  in  which  hundreds  of  thousands  of 
dollars  were  paid  to  secure  freedom  from  attack  in  the  Courts,  although 
the  water  was  merely  taken  out  of  the  stream,  carried  a  short  distance 
in  cement-lined  conduits  and  then  returned  to  the  stream.  If  the 
diversion  had  any  effect  upon  the  flow,  it  increased  it  by  reducing 
evaporation  and  seepage  losses  between  the  points  of  intake  and  dis- 
charge. Even  though  the  purpose  of  the  appropriation  be  one  that 
will  not  use  up  the  water,  as  power  development,  a  mere  appropriator 
has  so  little  standing  before  the  Courts  that  it  is  deemed  wiser  to 
pay  the  tribute  before  litigation  than  to  risk  the  payment  of  a  higher 
tribute  plus  costs  of  suit  after  litigation.  Riparian  owners  could  hardly 
have  been  put  into  a  better  position  had  they  been  granted  letters  of 
marque  against  all  appropriators. 

Bad  as  the  present  situation  is,  the  outlook  for  the  future  is  still 
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worse,  unless  the  practice  is  changed.  The  prosperity  of  the  State  de- 
pends on  its  agricultural  developinent.  This  will  be  accomplished  in 
large  part  by  breaking  up  the  old  Spanish  grants  and  other  large 
land  holdings — which  have  hitherto  been  devoted  to  stock  grazing  or 
grain  growing — into  small  farms  under  intensive  cultivation.  The 
riparian  right  attaches  to  only  such  lands  as  border  on  a  stream 
through  a  single  continuous  ownership.  Riparian  owners  may  prevent 
by  injunction  the  diversion  of  waters  to  non-riparian  lands.  The  break- 
ing up  of  the  large  holdings  means,  therefore,  the  severance  of  la.rge 
areas  of  land  from  any  water  right  at  all,  and  the  concentration  of 
water  rights  through  riparian  ownership  into  those  lands,  constantly 
decreasing  in  area,  which  border  immediately  on  the  streams — a 
menacing  situation  if  left  uncontrolled. 

The  writer  would  like  to  be  able  to  agree  with  Mr.  Lewis  that  the 
case  of  Kansas  vs.  Colorado  settled  the  question  of  riparian  rights  or 
established  a  precedent  that  the  States  will  follow,  but,  in  view  of  the 
decision  of  the  Supreme  Court  of  California  on  January  2d,  1D09,  in 
the  case  of  Miller  and  Lux  vs.  Madera  Canal  and  Irrigation  Company 
(99  Pac,  502),  he  is  constrained  to  believe  that,  as  far  as  his  State 
is  concerned,  the  probability  of  relief  from  present  conditions,  or  of 
being  able  to  work  out  a.  rational  solution  of  the  water  right  problem, 
is  becoming  constantly  more  remote.     The  Court  in  this  case  said : 

"The  doctrine  that  a  riparian  owner  is  limited  to  a  reasonable  use 
of  the  water  applies  only  as  between  different  riparian  proprietors. 
As  against  an  appropriator  who  seeks  to  divert  water  to  non-riparian 
land,  the  riparian  owner  is  entitled  to  re^strain  any  diversion  which 
will  deprive  him  of  the  customary  How  of  water  which  is  or  may 
be  beneficial  to  his  land.  He  is  not  limited  by  any  measure  of 
reasonableness." 

It  might  very  we'.l  be  advisable  to  grant  a  certain  amount  of  priority 
in  time  to  the  owners  of  riparian  land,  as  such  land,  from  its  natural 
position,  is  likely  to  be  more  readily  irrigable;  but  it  is  a  violation  of 
the  common  equities  and  of  good  public  policy  to  allow  riparian  land 
owners  to  put  to  uneconomical  use  or  to  waste  completely  for  an 
indefinite  period  one  of  a  State's  greatest  resources,  on  the  plea  that 
sometime,  somehow,  they  may  find  use  for  it.  The  riparian  user  of 
water  should  be  restricted  to  precisely  the  same  degree  and  measure  of 
beneficial  use  as  any  other  user.  He  should  be  given  a  certain  time, 
under  a  statute  of  limitations,  within  which  to  make  beneficial  applica- 
tion of  water  to  his  land.  After  the  expiration  of  that  time,  he  should 
liave  only  the  standing  of  an  appropriator  in  accniiring  any  additional 
rights  to  the  use  of  water. 

What  is  true  of  California  is  true  to  a  greater  or  less  degree  of 
a  considerable  group  of  Western  States,  the  so-called  "semi-arid" 
States.     In  Washington,  the  Dakotas,  Kansas,  Nebraska,  and  probably 
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in  .MuutaiKi  ;iii(l  ()kliili(nn;i,  tlic  ( ';ili  funiiii  ddctriiu^  of  modified  riparian     Mr. 

■    I  .       1  -1.1  ,•      1        ,  .  I'  -1  Merrill, 

rijilits  lias  received  the  saiictiini  n\  llie  ((.ni-t.s.  I',.\eeiit  in  llio.se  ap- 
parently rare  instanees  where  approjiriations  were  made  when  the 
banks  of  the  entire  stream  were  in  public  ownership,  the  only  secure 
rig-lit  other  than  a  riparian  riulit  is  one  obtained  by  prescription — by 
open  and  notorious  adverst'  user  afiainst  the  rights  of  the  riparian 
(laiinant  and  without  objection  from  him  for  the  period  prescribed 
by  the  statute  of  limitations.  In  any  event,  this  is  concluded  to  be 
the  only  form  of  secure  title  that  a  non-riparian  owner  can  acquire 
in  California,  regardless  of  the  fact  that  the  State  statutes  are  silent 
in  respect  to  any  other  right  than  that  acciiiired  by  ai^proiiriation. 

Until  this  fundamental  ([ue.stion  ediieeriiing  the  aciiuisit  ion  of 
rights  to  the  use  of  water  is  settled,  either  completely  for  or  completely 
against  rii)ai'iaii  ownership,  or  in  such  a  way  as  to  make  in  all  cases, 
riparian  or  otherwise,  beneficial  u.se  within  a  reasonable  time  the  basis 
of  right  to  the  use  of  water;  unless  the  "dog-in-the-manger"  attitude 
which  the  doctrine  of  riparian  rights,  modified  or  unmodified,  upholds, 
is  definitely  and  comiiletely  re])udiated,  no  hope  of  building  up  an  en- 
during policy  with  respect  to  the  pulilic  control  of  water  resources, 
or  of  securing  a  complete  utilization  of  them,  or  of  giving  definite 
title  to  them,  can  prove  anything  hut  illusory.  What  possibility  is 
there,  for  example,  of  making  any  tiual  adjudication  of  water  rights 
on  a  stream  where  some  user.s  claim  by  appropriation,  others  by  pre- 
scription, and  others  by  virtue  of  the  riparian  situation  of  their  lands? 
The  quantity  of  rijiariau  lands  is  constantly  changing.  Each  ripariaii 
owner  has  as  good  a  right  as  every  other.  An  adjudication  of  such 
rights  made  to-day  is  iiiai)))licahle  to-morrow  if  any  of  the  conditions 
as  to  the  volume  of  stream  How  or  amount  of  riparian  land  has  changed. 
No  effective  i)o]icy  could  be  (established  concerning  the  acquisition  of 
new  rights,  for  such  rights  would  be  automaticall.v  acquired  in  certain 
ca-ses  by  the  acciuisition  of  title  to  the  land,  in  other  cases  they  would 
be  obtained  by  prescriiition  due  solely  to  the  negligence  or  lack  of  in- 
terest of  Inwcr  riiiarian  owners,  and  in  other  cases  by  purchase  or 
condemuatioii.  lieal  appii)i)i'iat ion,  the  securing  from  the  State  of  a 
clear  title  to  the  use  of  a  definite  quantity  of  water,  cannot  exist  in  such 
a  situation.  Similarly,  but  little  force  can  attach  to  any  scheme  for  an 
administrative  control  of  the  distribution  of  water.  No  user,  save  he 
who  has  acquired  a  prescriiitive  right,  has  any  claim  to  the  use  of  a 
definite  quantity  of  water,  or  a  quantity  sufficient  for  a  definite  area. 
Everything  dejtends  on  the  co-relative  rights  of  the  other  riparian 
owners  under  the  conditions  of  the  moment.  In  a  country  dei)endent 
on  irrigation,  the  doctrine  of  riparian  rights  leads  to  nothing  but 
unending  confusion.  If  the  Courts  of  Oregon  have  allowed  that 
State  to  join  the  roll  of  those  which  have  repuiliated  sui-h  a  doctrine, 
th(Mi  Oregon   is  to  be  congratulated.  , 
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Mr.  Even  if  this  first  problem,  the  right  of  use,  should  be  solved  satis- 

'  ^''"  ■  factorily  there  will  still  remain  certain  other  fundamental  issues,  some 
of  which  have  been  met  in  several  States,  but  others  of  which,  as 
far  as  the  writer  can  learn,  have  not  been  met  in  any  State.  Without 
attempting  to  name  the  States  which  have  taken  action  or  the  means 
which  have  been  used  in  the  solution  of  certain  of  these  problems, 
the  writer  will  merely  outline  what  seems  to  him  to  be  the  funda- 
mental questions  involved  in  the  administration  of  water  rights  in 
those  States  which  have  not  deprived  themselves  of  the  power  to  name 
the  conditions  on  which  water  rights  may  be  acquired  and  retained. 

Before  a  thorough-going  public  policy  can  be  developed  for  the 
administration  of  public  waters,  it  is  first  necessary  to  determine  what 
is  the  underlying  purpose  to  be  accomplished,  and  then  to  provide  the 
means  for  its  accomplishment.  The  underlying  purpose  should  be  to 
encourage  the  settlement  of  lands,  the  development  of  agriculture,  and 
the  building  of  homes  and  communities — the  promotion  of  the  general 
welfare  of  the  citizens  as  a  whole,  rather  than  the  special  profit  of 
certain  individuals.  To  accomplish  this  purpose,  it  is  necessary  to 
consider  carefully  what  character  of  right  should  be  granted  under 
vai-ying  circumstances,  where  or  in  whom  the  ultimate  ownership  of 
such  right  should  vest,  a.nd  what  limitations,  if  any,  should  be  made, 
aud  what  conditions  imposed  upon  the  grant. 

The  purpose  expressed  above,  however  often  lost  sight  of,  has 
actuated  the  disposition  of  the  agricultural  lands  of  the  public  domain. 
These  lands  have  been  given  to  those  who  would  cultivate  them  and 
who  desired  to  make  homes  on  them.  It  has  been  deemed  contrary 
to  a  wise  public  policy  to  allow  the  title  to  large  bodies  of  public 
land  to  pass  to  one  owner.  The  limit  has  been  placed  at  that  amount 
which  an  individual  owner  could  reasonably  be  expected  to  improve 
and  cultivate.  To  have  given  more  would  have  resulted  in  with- 
holding the  excess  land  from  use  or,  if  the  patentee  sold  it,  in  in- 
creasing the  cost  to  the  purchaser  and  user  over  what  the  latter  might 
have  acquired  it  for  first  hand  had  the  excess  area  been  left  open  to 
entry.  In  securing  patent  to  public  land,  the  individual  must  act 
for  himself.  He  cannot  obtain  title  as  a  member  of  an  association 
or  of  a  corporation.  Although  details  differ,  the  same  general  practice 
of  encouraging  individual  enterprises  and  of  preventing  speculation 
and  non-use  has  also  been  applied  to  the  disposition  of  public  mineral 
and  timber  lands.  Recently,  however,  it  has  come  to  be  realized  that, 
although  this  principle  applies  to  the  disposition  of  agricultural  lands 
and  certain  kinds  of  mineral  lands,  there  are  other  kinds  of  mineral 
lands  to  develop  which  with  reasonable  economy  is  far  beyond  the 
reach  of  ordinary  individual  enterprise,  and  that  a  new  public  policy 
and  a  new  method  of  disposition  must  be  provided  for  them. 

In   granting   title   to    the    use   of   public   waters   to   the   extent   of 
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IxMieficial  use,  the  practice  of  water  appropriations  has  followed,  in  Mr. 
general  outline,  the  practice  in  respect  to  the  appropriations  of  agri- 
cultural liiinl;  luit  ill  iii.ikiiiL;'  little  or  no  distinction  between  the 
appropriator  and  the  actual  upcr,  the  general  practice  has  been  quite 
different.  To  accomplish  the  purpose  which  was  expressed  above, 
the  title  to  water  rights  should  vest  in  the  ultimate  user.  The  character 
of  right  which  the  appropriator  should  be  allowed  to  acquire  should 
depend  on  whether  the  right  applied  for  is  to  be  used  by  the  applicant 
himself  for  his  own  purpose,  on  his  own  property,  and  only  indirectly 
for  profit,  or  whether  it  is  to  be  used  by  the  applicant  directly  for 
profit  in  the  delivery  and  sale  of  water  or  in  supplying  the  public 
with  some  commodity  or  service  which  will  be  derived  from  or  be 
dependent  on  the  use  of  the  water  appropriated. 

When  water  is  appropriated  by  individuals,  by  mutual  associa- 
tions, or  by  muiiici|i;il  corporations  for  irrigation  purposes  on  their 
own  lands,  where  any  profit  wdiich  may  be  derived  from  the  undertak- 
ing will  be  indirect  through  the  products  of  the  soil,  or  where  these 
same  classes  of  users  have  appropriated  water  for  their  own  domestic 
purposes,  the  character  of  the  right  granted  to  the  actual  users  should 
be  that  of  ownership  limited  by  two  conditions:  (1)  that  the  water  shall 
be  applied  to  a  beneficial  use  without  unnecessary  waste;  and  (2) 
that  the  water  shall  be  appurtenant  to  the  land  or  the  locality  for 
which  it  is  appropriated. 

The  principle  underlying  the  disposition  of  public  agricultural  lands 
will  apply  also  to  the  use  of  water  for  manufacturing  purposes  or  for 
power,  if  such  use  is  confined  to  localized  industries  and  to  power  de- 
velopments comparable  in  extent  with  the  agricultural  operations  of 
the  homesteader;  but,  to  give  title  of  ownership  to  the  use  of  water 
for  manufacturing  or  for  power  in  operations  of  the  magnitude  which 
customarily  obtain,  would  be  at  variance  with  the  general  principle 
which  has  been  recognized  in  the  disposition  of  the  public  lands. 
Such  uses  should  rather  be  treated  in  accordance  with  the  special 
policy  proposed  for  disposition  of  extensive  areas  of  mineral  lands. 
The  title  which  the  appropriator  may  acquire  for  power  or  manu- 
facturing purposes,  in  any  event  for  such  of  them  as  comprehend 
quasi-public  uses,  should  be  something  less  than  ownership.  Some 
such  lesser  title  should  also  be  granted  the  appropriator  for  irrigation 
or  for  domestic  use  when  the  appropriator  is  not  the  user  but  is 
engaged  in  a  business  which  takes  on  a  quasi-public  character. 

The  primary  object  in  the  administration  of  water  rights  for  irri- 
gation, namely,  to  encourage  the  settlement  of  lands,  the  development 
of  agriculture,  and  the  building  of  homes  and  communities,  will  best 
be  promoted  if  the  water  rights  are  in  all  instances  made  appurtenant 
to  the  land  on  which  the  water  is  used.  Whether  the  appropriation 
is  made  by  a  niutvud  association,  by  an  irrigation  district,  or  by  a  per- 
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Mr.  son  or  corporation  engaged  in  the  business  of  delivering  water  to  the 
'  land,  the  water  right  should  be  an  appurtenance  of  the  land  irrigated, 
and  the  actual  owners  of  the  water  right  should  be  the  land  owners 
themselves.  Appropriators  of  water  for  sale  should  not  be  given  a 
water  right  equivalent  to  ownership,  but  only  a  right  of  agency — a 
license  to  a.ct  in  behalf  of  those  who  are  the  real  owners  until  such 
time  as  they  may  desire  to  assume  complete  control. 

Similar  considerations  hold  with  respect  to  the  appropriation  of 
water  for  domestic  uses.  Such  water  rights  also  should  be  appur- 
tenant to  the  lands  or  the  localities  served,  such  as  the  homestead  of 
the  individual  appropriator,  the  district  embraced  by  a.  mutual  associa- 
tion or  other  organization,  or  to  the  territory  included  within  the 
boundaries  of  a  municipal  corporation;  and  the  actual  owners  of 
the  right  should  be  the  users  themselves.  It  is  manifest  that,  in  gen- 
eral, the  right  cannot  be  made  appurtenant  to  specific  parcels  of  land 
or  other  property,  and  that  the  ownership  cannot  be  individual,  as 
with  irrigation  water  rights.  Either  the  individuals  must  act  through 
organizations,  such  as  municipal  corporations,  or  must  receive  the 
service  through  the  agency  of  persons  or  corporations  who  will  make 
the  appropriations  and  perforin  the  service.  If  the  second  alternative 
is  adopted,  the  appropriators  should  be  allowed  to  acquire  from  the 
State  only  the  necessary  right  of  agency — a  mere  license  to  act  in  be- 
half of  the  users  until  such  times  as  the  users  may  desire  to  act  for 
themselves — while  the  real  ownership  should  remain  in  perpetuity 
in  the  community  served. 

From  the  point  of  view  of  a  public  administrative  policy,  one  of 
the  most  important  uses  of  water  is  for  the  development  of  power. 
In  the  form  of  electric  energy,  this  use  extends  over  wider  areas, 
reaches  a  larger  population,  and  finds  a  more  diversified  application 
than  any  other  use  of  water.  Moreover,  on  account  of  the  magnitude 
of  the  undertaking  and  the  character  of  the  services  performed,  organi- 
zations which  handle  it  are  almost  invariably  corporate,  and  the  busi- 
ness itself,  with  few  and  minor  exceptions,  assumes  a  quasi-public 
and  monopolistic  character.  Clearly,  this  use  of  water  cannot,  in 
general,  be  made  appurtenant  to  any  specific  parcels  of  land  or  to 
any  definite  locality,  because  the  use  may  go  beyond  even  the  boundaries 
of  the  State.  Nevertheless,  the  appropriator,  because  of  the  quasi- 
public  character  of  his  business,  acts  only  as  the  agent  of  the  public 
which  he  serves.  This  agency  should  be  recognized  in  the  grant,  and 
the  appropriator  should  be  given  only  a  license  or  lease,  leaving  the 
real  ownership  in  that  widest  public  which  is  represented  by  the 
State  itself. 

With  a  complete  title,  or  even  one  limited  to  beneficial  use,  the 
appropriator  will  invariably  capitalize  the  right  to  its  full  commercial 
value,   if   no   more,    regardless    of   whether   he   paid   for   the   right   or 
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received  it  uratis.  It  is  not  likely  that  any  ('omt  will  refuse  to  allow  Mr, 
full  value  lor  a  water  rij^lit  (tf  siu-h  eliaracter  in  any  proceeding 
respecting-  the  valuation  of  the  properties  of  tlie  approjjriator.  If  so 
valued,  then  the  appropriator  would  he  allowed  to  earn  an  income 
thereon,  and  that  i)ortion  ol"  the  i)ul)lie  served  would  he  called  on  to  pay 
it  in  the  form  of  rates.  l"'ui-thennore,  if  it  should  hecome  desirable 
for  the  puhlic  to  purchase  the  |)r()i)erties  of  such  api)r(ii)riator,  it  would 
be  necessary  to  pay.  in  addition  to  the  value  of  all  other  proi)erties, 
the  full  market  value  of  the  water  rijiht  which  the  juihlie  once  owne<l 
but  gave  away. 

Every  jjcrson  or  coriiurat  ion  eniiaucd  in  a  hiisiness  of  this  character 
should  be  allowed  to  earn  a  fair,  even  liberal,  return  on  the  cajjital 
actually  and  legitimately  invested,  but  no  such  person  or  corporation 
should  be  allowed  to  acquire  property  gratis  from  the  juihlic  and  after- 
ward charge  rates  and  earn  an  income  on  it.  Such  a  situation  can 
be  avoided  in  part  by  retaining  title  to  water  rights  and  by  giving 
the  a.ppro[)riator  only  a  license  or  lease.  It  can  be  avoided  wholly  only 
by  reserving  in  addition  the  right  to  cancel  such  license  at  any  time  by 
paying  full  value  for  all  the  physical  property  of  the  licensee.  Tf 
the  purchn.se  is  made  before  the  licensee  has  had  a  reasonable  time 
within  which  to  realize^  the  expected  profit  from  his  undertaking,  a 
bonus  in  the  form  of  a  certain  percentage  of  the  value  of  the  physical 
property,  varying  inversely  as  the  time  which  the  license  has  run, 
should,  in  the  writer's  opinion,  be  also  paid.  It  is  believed  that  the 
investment  of  the  licensee  would  be  fully  protected  if,  in  the  place  of 
intangible  values,  a  bonus  of  three-fourths  of  1%  of  the  appraised 
valuation  of  the  real  property  should  be  paid  for  each  year  less  than 
fifty  years  that  the  license  has  been  in  force.  Such  a  license  would 
be  in  effect  an  indeterminate  franchise — the  form  which  best  protects 
the  interests  both  of  the  public  and  of  the  investor. 

If  water-right  applicants  are  given  licenses  for  fi.xed  terms  without 
the  reserved  right  of  purchase,  all  such  licenses  or  grants  will,  as 
any  other  unexpired  franchise,  have  a  value  in  proportion  to  the  time 
that  tlie  license  ha.s  to  run.  unless  the  license  is  granted  on  the  ex- 
press condition  that  no  value  shall  at  any  time  be  assigned  to  or 
claimed  for  it,  or  the  rights  granted  under  it,  in  respect  to  any  valua- 
tion of  the  properties  of  the  licensee  for  the  purpose  either  of  rate 
making  or  of  sale. 

The  appropriators  of  water  for  distribution  and  sale,  whether  for 
irrigation  or  for  domestic  use,  and  the  appropriators  of  water  for 
power  purposes  are  on  a  common  footing.  Each  will  be  engaged  for 
profit  in  a  business  which  is  quasi-public;  each  will  use  in  his  business 
partly  his  own  property  and  partly  the  property  of  the  public;  each, 
in  his   use  of  the   public;  property,  should  be   considered   as   the  agent 
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Mr.     of  the  public.     This  relation  between  the  quasi-public  appropriator  and 
■  the  public  can  be  fully  maintained  only  by : 

(1)  Making  water  rights  for  irrigation  purposes  appurtenant  to 
the  lands  to  be  irrigated; 

(2)  Making  water  rights  for  domestic  purposes  appurtenant  to 
the  lands   or  communities   served; 

(3)  Retaining  in  general  public  ownership  water  rights  for  power 
purposes ; 

(4)  Granting  licenses  terminable  by  purchase  to  quasi-public 
appropriators  of  water,  whether  the  use  be  for  power  pur- 
posas  or  for  purposes  of  sale  and  delivery  of  water  to  others 
for  domestic  supply  or  for  irrigation; 

(5)  Granting  such  licenses  only  upon  condition  that  they  shall 
not  be  capitalized  for  any  purpose. 

To  accomplish  the  objects  and  to  carry  out  the  principles  named 
above  has  been  the  chief  purpose  of  the  Federal  Government   in  its 
administration  of  water-power  sites  on  the  public  lands.     The  use  of 
the  public  land  for  water-power  development,  both  within  and  without 
the  National  forests,  is  open  to  all  applicants  who  can  give  any  assur- 
ance of  a  purpose  actually  to  develop  the  sites.     Mere  speculation  in 
power  sites  has  been  discouraged,  and  properly  so.     Only  one  who  has 
been  personally  in  touch  with  the  situation  can  realize  the  extent  of 
pure  speculation   in   water-power  rights.     Such   speculation   is   no   as- 
sistance toward  actual  devolpment;  it  is  rather  a  hindrance.    No  sooner 
is  it  learned  that  a  municipality  or  an  operating  company  is  planning 
to    make    developments,    than    water-right    locators    and    right-of-way 
applicants  immediately  appear,  trying  to  forestall  the  municipality  or 
corporation  and  hold  them  up  for  a  price.     The  Oro  Electric  Corpora- 
tion, of  California,  has  recently  been  working  up  plans  for  additional 
generating  stations  to  be  located  on  streams  within  the  Plumas  National 
Forest.     Within   a  few  days  after  the  facts  became  known,   applica- 
tions for  the  use  of  the  site  were  filed  in  the  District  Office  of  the 
Forest    Service    at    San    Francisco   for   the   sole   purpose   of   secviring 
a  prior   right   in   order   to   demand   from  the  corporation   a  price  for 
withdrawing.      The    attempts    were    not    successful.      This,    iiowever, 
illustrates  what  has  come  to  be  an  established  industry  in  some  of  the 
Western   States.     It  is  much  more  successful  with  relation  to  water 
rights  than  to  rights-of-way  across  the  public  lands.     It  is  the  duty 
of    any   administration,    State   or    National,    to   check   such   practices. 
Whatever  price  the  speculator  may  secure  is  so  much  more  to  be  added 
to  the  capital  of  the  operating  company,  and  the  public  pays  interest 
on  it  forever.     Just  why  this  indirect  method  of  getting  money  out  of 
the  public  pocket  finds  so  many  ardent  defenders  it  is  hard  to  say. 
The  ultimate  effect  is  no  different  than  if  it  were  taken  from  the  public 
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treasury.     One  iiictli(M|  adds  tn  dirccl.  the-  utlier  to  indirect,  taxes;  Imt     Mr. 
in  either  ease  the  i)uhlic  pays  the  liill.  Merrill. 

Wii.MA.M   (i.  Daviks,  As.soc.  M.  a.m.  Soc.  C.  E.   (by  li'ttcr). — It  is     Mr. 
I)articidarly  ideasiii^-  to  note  the  jyeneral  optiini.^sm  in  regard  to  i)ublic 

riiihts,  and  especially   Mr.  .Inlniston's  vii'w  that  : 

''Because  tlie  States  have  been  slow  in  as^scrting  the  doctrine  of 
public  rights  in  proiierty  which  is  essentially  of  a  public  character, 
we  need  not  i'l'ar  that  llu'  iiul)lii'  has  losi   title  in  any  way." 

We  are  impatient  at  the  lagginfi:  of  water  legislation  so  far  behind 
physical  dev'elopment  and  need.  At  times  it  does  us  good  to  curb  our 
impatience  and  note  conditions  in  other  countries. 

While  France  was  a  Koman  province,  it  had  the  Kunian  water 
laws.  Under  the  Merovingian  kings,  property  was  held  under  a  dif- 
ferent tenure,  and  all  rights  of  ownership  in  watercourses  and  waters 
were  vested  in  the  rulers  themselves.  In  feudal  times  the  watercourses 
came  largely  inuler  the  ftnidal  lords,  hut  control  was  constantly  dis- 
puted by  the  king. 

Upon  the  decline  of  feudalism  and  the  beginning  of  modern  history, 
about  1500,  Roman  law  was  largely  restored.  Modern  history  in  France 
began  then  witli  navigable  and  raftable  streams  as  public  domain, 
and  smaller  streams  entindy  inidcr  the  control  and  virtual  ownership 
of  riparian  owners. 

From  this  position,  of  almost  complete  ownership  and  control  by 
riparian  owners,  the  centuries  have  seen  them  gradually  lose  control. 
They  no  longer  have  nnich,  if  any,  ownership  of  the  stream-bed,  until 
dry;  they  have  largely  lost  their  rights  to  the  water,  no  longer  having 
the  right  of  ownership,  this  being  now  the  possession  of  the  nation,  but 
having  only  a  right  to  use  the  water,  winch  right  cannot  be  forfeited 
by  non-use. 

In    the    I'nitcd    States — Calif'oi-nia   for  example: 

True  riparian  rights  doctrine — the  right  of  a  riparian  owner  to  have 
the  waters  of  a  stream  pass  his  property  "undefiled  iji  quality  and  un- 
diminished in  quantity" — has  fallen.  We  now  have  the  modified 
riparian  rights;  and  we  well  know,  from  the  history  of  France,  Italy, 
and  Spain,  and  from  the  strong  present  tendency  to  minimize  indi- 
vidual rights  and  magnify  public  rights,  that  this  modification  will 
be  a  continued  process,  and  we  will  t'ud  with  riparian  rights  being 
nothing  at  all,  or,  at  most,  but  a  shadow  of  their  former  selves.  Even 
now,  in  California,  leading  attorneys  declare  the  best  water  right  to  be 
one  acquired  by  prescription — adverse  use. 

Mr.  A.  E.  Chandler  points  out*  that,  based  on  the  Court  decision  of 
Anaheim  Union  Water  Company  vs.  Fuller  (150  Cal.,  331),  riparian 
rights  attach  to  only  the  least  parcel  of  land  abutting  on  a  stream, 
*  •'  Elements  of  Western  Water  Law,"  published  December,  1912. 
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Mr.     and  that,  if  an  owner  of  a  tract  of  riparian  land  subdivides  and  sells 

uavies.  j_|^j,^  ^£  j_^jg  land,  those  portions  not  contiguous  to  the  stream  lose  their 

riparian  rights  unless  the  conveyance  declares  the  contrary,  and  that 

the  land  thus  severed  can  never  again  regain  the  riparian  rights  by  any 

reconveyance. 

Now  we  have  the  right  of  "reasonable  use";  but  when  we  have 
a  water  right  based  on  modified  riparian  rights  and  "reasonable  use", 
there  is  but  little  difference  in  net  results,  so  far  as  the  irrigator  is 
concerned,  between  this  and  appropriation  aj:id  reasonable  use.  The 
principal  difference  is  that,  under  the  Oregon  administrative  system, 
the  water  right  is  readily  determinable,  ownership  being  practically  as 
easy  to  determine  as  land  ownership,  whereas,  under  the  riparian  rights 
system,  the  holder  is  never  free  from  the  worry  and  expense  of  a  lawsuit 
about  his  title  to  water.  Some  authorities  have  pointed  out  that 
passing  a  law  annulling  riparian  rights  existing  before  the  passage  of 
the  act  is  unconstitutional.  Nevertheless,  the  passage  of  an  act  an- 
nulling riparian  rights  not  asserted  at  the  time  of  passage  of  the  act 
would  be  of  use,  as  it  would  influence  Courts  in  the  constant  minimiz- 
ing of  riparian  rights. 

This  process  took  centuries  in  France,  and  it  is  not  yet  complete. 
Are  we  doomed  to  spend  an  equal  time?  No;  for,  besides  the  fact 
that  the  world  moves  faster  now,  we  have  rapid  hydro-electric  develop- 
ment as  a  stimulant  for  rapid  legal  development. 

When  a  water  right  is  for  an  individual  irrigator  or  for  water- 
power  for  a  single  grist  mill,  it  is  of  much  less  general  public  im- 
portance than  when  it  is  for  development  of  power  for  a  public  utility 
electric  power  comi:)any  with  a  network  of  lines  covering  some  great 
district.  The  economic  interest  of  the  public  in  a  river  is  vastly  in- 
creased by  hydro-electric  plants  of  large  public  utility  companies. 
This  being  so,  it  will  inevitably  and  necessarily  follow  that  public 
rights  on  that  river  will  increase  and  individvial  rights  adverse  to 
the  general  public  good  will  decrease;  and  this  is  as  it  should  be.  On 
every  hand  we  see  the  disposition  to  enlarge  or  define  more  clearly  and 
defend  public  and  community  rights  and  minimize  individual  rights. 

Mr.  Justice  Cooley,  in  defining  a  piiblic  use,  as  the  term  is  applied 
in  the  la,w  of  eminent  domain,  said : 

"The  reason  of  the  ease  and  the  settled  practice  of  every  government 
must  be  our  guide  in  determining  what  is  or  is  not  to  be  regarded  as  a 
l)ublic  use,  and  it  can  only  be  considered  such  where  the  government 
is  supplying  its  own  needs  or  is  furnishing  facilities  for  its  citizens 
in  regard  to  those  matters  of  public  necessity,  convenience  or  welfare 
which,  on  accovmt  of  their  peculiar  character  and  the  difficulty  of  mak- 
ing provision  for  them  otherwise,  are  proper,  useful  and  needful  for 
the  government  to  regulate." 

From  this  definition  a  public  Tise  depends  on  times  and  conditions. 
A  private  property  to-day  may  become  a  public  necessity  to-morrow. 
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A   stream   of   iiitorcst    In   luit    ;i    siikiII    ^nnip   of   irrigators  to-day   may     Mr. 
speedily  becoino  of  very  grcnt  iutircst  to  a  whole  valley  using  electric 
power. 

In  California  the  electric  power  development  has  been  rapid,  the 
merging  of  power  companies  rapid,  and,  in  consequence,  a  conservation 
commission  was  ajipointed  to  report  to  the  1913  Legislature.  It  has 
done  a  very  great  deal  of  work  in  prejiaring  reports.  Because  of  the 
arousing  and  focusing  of  attention,  the  chance  of  getting  some  good 
water  laws  enacted  is  much  better  than  for  many  years  past,  when 
irrigation  interests  alone  were  at  stake. 

This  same  general  condition,  however,  prevails  throughout  the 
nation.  The  Eastern  States  were  not  at  all  interested  in  irrigation, 
and,  before  hydro-electric  power  development  began,  they  could  get 
along  very  well  with  their  old  laws  based  on  riparian  rights  doctrine. 
The  arid  States  felt  the  pinch  of  need,  and  so  kept  constantly  changing 
their  water  laws.  The  two  portions  of  the  Nation — the  humid  and  the 
arid — were  getting  more  and  more  dissimilar  in  their  water  laws; 
but,  now  that  hydro-electric  development  is  growing  so  rapidly,  there 
once  more  appears  a  reason  and  a  basis  for  fairly  similar  water  laws. 
This  is  no  doubt  the  thing  that  must  be  seized  on  when  we  urge  that 
there  should  be  essential  uniformity  of  water  laws  among  the  States 
and  abrogation  of  riparian  rights. 

There  is  an  instance  of  such  rapid  economic  change  and  conse- 
quent rapid  legal  growth  in  Switzerland.  In  that  country  each  of 
the  twenty-five  cantons  had  always  exercised  the  fullest  authority  over 
unnavigable  streams  within  its  borders.  This  worked  very  well  until 
the  development  of  water  power  on  a  large  scale  began.  Then  the  neces- 
sity for  change  of  laws  became  apparent  to  many.  In  1891  the  Swiss 
Society  "Frie  Land"  issued  a  petition  demanding  the  insertion  of 
the  following  clause  in  the  Federal  Constitution : 

"All  the  water  powers  of  Switzerland  not  yet  utilized  are  the 
property  of  the  Confederation.  A  federal  law  shall  regulate  all  that 
concerns  the  apjilication  of  this  resource  and  the  distribution  of  the 
net  benefit  produced  by  it." 

In  1895,  after  a  thorough  investigatioTi,  the  Federal  Assembly  re- 
jected the  proposition  and  approved  the  following  resolutions,  which 
sound  amusingly  familiar  in  America : 

"1.  The  great  majority  of  Cantons  which  posses.s  and  exercise  the 
right  of  sovereignty  over  their  watercourses  and  which  often  derive 
direct  income  therefmin  are  not  disposed  to  renounce  that  right  of 
sovereignty. 

"2.  In  general,  the  public  intert\st  in  the  matter  is  safeguarded 
by  the  Cantons  according  to  the  importa.nce  of  each  case. 

"3.  The  transfer  to  the  Confederation  of  the  right  of  sovereignty 
and  of  administration  over  watercourses  would  not  afford  any  ad- 
vantage to  the  country  and  would  not  present  any  source  of  new 
revenue,  either  to  the  Confederation  or  to  the  Cantons. 
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Mr.  "4.  The    possibility    of    availing    itself    of    the    water    powers    in 

Davies.  ,^|,g  future  could  very  easily  be  reserved  to  the  nation  by  careful 
legislation. 

"5.  In  general,  the  Cantonal  authorities  are  better  able  than  the 
Federal  Government  to  see  to  the  development  and  utilization  of  water 
powers,  both  from  an  economic  point  of  view  and  from  that  of  public 
and  industrial  interests. 

"6.  The  importance,  sometimes  limited,  of  the  object  in  question 
and  the  securing  of  a  rational  use  of  the  various  falls,  which  is  often 
difficult,  require  the  co-operation  of  the  Cantonal  authorities  specially 
(lualified  to  protect  the  development  of  the  local  trades  and  industrias 
of  the  Cantons." 

In  the  years  following  1895,  hydro-electric  development  went  on 
apace  and  public  opinion  kept  an  equal  stride,  so  that  in  October, 
1908,  by  a  popular  vote  of  almost  6  to  1,  the  people  completely  re- 
versed the  former  decision  and  adopted  the  following  amendment: 

"The  Federal  Congre-ss  shall  have  supervision  over  the  develop- 
ment of  water  power. 

"The  Federal  Congress  shall  make  provision  for  the  disposition  of 
water-right  concessions,  shall  prescribe  the  terms  thereof,  and  shall 
regulate  the  transmission  and  distribution  of  electrical  energy  so  far 
as  may  be  necessary  to  protect  public  interests  and  to  provide  for 
the  proper  development  of  such  resources. 

"All  wa.ter  rights  to  which  the  terms  of  the  federal  law  do  not 
extend  shall  be  under  the  jurisdiction  of  the  Cantons,  which  shall 
dispose  of  the  concessions,  regulate  the  same,  and  impose  taxes  and 
fees  for  their  use,  but  such  regulation  taxes  and  fees  shall  not  be  so 
severe  as  to  prevent  or  inhibit  the  development  of  water  powers. 

"The  National  Government  shall  regulate  and  dispose  of  conces- 
sions for  powers  located  on  inter-cantonal  and  national  boundary 
streams,  and  shall  determine  the  taxes  and  fees  to  be  imposed  thereon, 
after  hearings  have  been  granted  to  the  Cantons  interested,  but  such 
taxes  and  fees  shall  be  collected  by  the  Cantons. 

"No  power  development  in  a  stream  located  within  the  Union 
shall  be  transmitted  to  a  foreign  country  without  the  consent  of  the 
Federal  Council. 

"The  Provisions  of  the  Federal  law  shall  apply  to  water  rights 
concessions  already  existing,  except  in  cases  specifically  exempted 
therefrom  by  law." 

Now,  to  come  down  to  the  present  and  to  America :  Public  opinion 
in  America  is  by  no  means  ready  for  any  such  Federal  law  as  that  just 
quoted  from  Switzerland.  The  growth  and  change  of  public  opinion 
here  will  not  take  the  centuries  it  took  in  France  for  the  modification 
of  riparian  rights,  nor  yet  will  it  be  so  rapid  as  to  take  only  thirteen 
years,  as  in  Switzerland,  for  the  great  legal  chdnge  noted.  A  few 
days  ago  Secretary  of  the  Interior  Fisher,  in  his  Annual  Report  to 
President  Taft,  urged  a  "definite  and  comprehensive  water-power  policy 
for  streams  on  the  public  domain  and  navigable  streams  not  on  the 
public  domain."    While  good,  it  is  not  comprehensive  enough,  no  doubt 
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iiitontioiiiiJly   so,    as   it   does   not   provide   for   water    rights   for   other     Mr. 
things  thnn  water  power,  nor  speeiHcally  for  water  rights  on  interstate 
streams. 

The  question  is:  Wliat  is  liie  limit  of  Federal  or  State  legislation 
now  practicable  or  now  probably  possible? 

Fonrteen  years  ago,*  it  was  stated  that: 

"An  adeiiuate  remedy  [for  ditHeulties  on  interstate  stream.s]  through 
national  legislation,  it  is  to  be  feared,  is  out  of  the  question  *  *  * 
Any  gcni'ral  legislation  by  the  National  Congress  relative  to  water 
rights  would  mean  an  ui)lu'avnl  too  great  and  too  far-reaching  to  be 
jractieal.  It  would  mean  that  a  numher  of  the  States  would  have  to 
make  changes,  not  only  in  their  laws,  hut  in  their  constitutions,  and 
woidd  overturn  the  long  line  of  established  i)ractiee  and  decisions  of 
the  courts  in  dealing  with  this  question. 

"The  waters  of  natural  streams  within  tiic  boundaries  of  the  several 
States  in  the  irrigated  regions  being,  by  virtue  of  constitutional  pro- 
vision, by  the  abandonment  of  control  by  the  General  Government,  or 
by  usage  or  the  decisions  of  courts,  the  sole  property  and  under  exclu- 
sive control  of  these  States,  it  is  clear  that  reform  of  evils  which 
exist  by  reason  of  defective  legislation  in  these  States,  or  by  reason 
of  lack  of  all  legislation,  can  only  be  eifected  by  proper  legislation  on 
the  part  of  the  legislative  branch  of  the  governments  of  these  States. 
It  is  clear,  too,  that  reform  can  not  bo  effected  unless  the  several 
States,  in  forming  new  legislation  or  correcting  that  which  already 
exists,  take  into  consideration  the  rights  of  the  citizens  of  neighbor- 
ing Sta.tes  as  well  as  the  rights  of  their  own  people." 

A  convention  to  consider  uniform  laws  was  urged.  Several  conven- 
tions under  various  auspices  have  been  held.  The  U.  S.  Reclamation 
Service  has  worked  out  an  outline  form  of  law  for  adoption  in  the 
arid  States.  There  has  been  a  great  growth  in  uniformity,  and  but 
little,  if  any,  growth  in  diversity  of  water  laws. 

In  the  fourteen  years  since  the  foregoing  opinion  was  written, 
there  have  been  three  great  events:  First,  rapid  development  of  hydro- 
electric plants,  intensifying  the  need  of  better  water  laws  and  national- 
izing the  problem.  Second,  a  great  increase  in  the  interest  taken  by 
the  Federal  Government  in  the  use  of  water  in  both  irrigation  and 
power  development,  and  a  relative  growth  in  the  legal  powers  and 
claims  of  the  Federal  Government  as  compared  with  that  of  State 
Governments.  So  great  has  been  this  change  of  thought  that  in  the 
opinion  of  Mr.  Morris  Bien,  of  the  U.  S.  Reclamation  Service,  "It  is 
difficult  to  find  any  possible  grounds  for  the  theory  of  State  control, 
as  to  non-navigable  streamy  within  the  State,  which  are  not  tributary 
to  a  navigable  stream."  Third,  a  great  gro^vth  in  public  opinion  to 
the  effect  that  a  much  greater  number  of  our  difficulties  of  all  kinds 
should  be  settled  by  administrative  processes  than  by  appeal  to  Courts. 

*  Bulletin  No.  70,  Bureau  of  Irrigation  Investigation,  U.  S.  Department  of  Agriculture 
entitled,  "  Water-Rights  Problems  of  Bear  River  "  (an  interstate  stream;,  published  under 
the  direction  of  Elwood  Mead.  M.  Am.  Soc.  C.  E. 
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Mr.  The  writer  proposes  the  following  as  a  compromise  measure,  but 

avies.  ^^^g  which  accomplishes  the  object  of  limiting  water  rights  on  inter- 
state streams  in  accordance  with  beneficial  use,  and  making  the  water 
right  appurtenant  to  land  rather  than  personal  property. 

Pass  a  Federal  law  with  provision  as  follows : 

Provide  for  a  permanent  bureau  for  interstate  streams  and  lakes; 
that  this  bureau  shall  have  no  jurisdiction  except  on  interstate  waters 
(and  possibly  on  navigable  rivers  and  on  non-navigable  streams  on 
the  public  domain) ;  that  this  bureau  shall  make  surveys  for  each 
interstate  stream,  determining  areas  of  land  irrigated,  area  irrigable, 
size  of  ditches,  points  of  diversion,  volume  of  water  used,  discharge  of 
stream,  storage  sites,  power  sites,  dates  of  appropriation  and  use,  etc. ; 
that  this  bureau  shall  prepare  a  table  describing  land  irrigated,  giving 
date  of  priority,  maximum  amount  of  water  allowed  for  irrigation  of 
each  tract,  nature  of  use,  allowable  dates  of  use  per  annum,  as  does  the 
State  Engineer  of  Oregon  on  an  intra-state  stream,  but  ignoring  State 
lines;  that  the  division  of  water  is  to  be  based  on  beneficial  use  and 
the  greatest  good  to  the  greatest  number;  that  no  lawsuit  involving 
interstate  right  to  use  water  on  a  stream  may  be  begun  in  a  Court  until 
the  bureau  has  made  its  survey  and  table  of  priorities,  and  then  only 
on  questions  of  law,  not  of  fact. 

There  is  undoubtedly  much  greater  hope  of  passing  such  a  law  as 
this  than  one  under  which  the  Federal  Government  would  take  con- 
trol of  all  streams. 

Mr.  Chandler  states*  that  decisions  on  interstate  waters  to  date 
have  been  mostly  on  small  streams.  In  Bean  vs.  Morris,  the  U.  S. 
Supreme  Court,  May  29th,  1911  (221  U.  S.,  485),  said,  concerning  the 
waters  of  Sage  Creek,  an  interstate  stream: 

"We  believe  that  it  always  was  assumed,  in  absence  of  legislation 
to  the  contrary,  that  the  states  were  willing  to  ignore  boundaries,  and 
allowed  the  same  rights  to  be  acquired  from  outside  the  states  that 
could  be  acquired  from  within.  *  *  *  The  doctrine  of  appropria- 
tion has  prevailed  in  these  regions  [Montana  and  Wyoming]  probably 
from  the  first  moment  that  they  knew  of  any  law  and  has  continued 
since  they  became  territory  of  the  United  States.  *  *  *  Before 
the  State  lines  were  drawn,  of  course,  the  principle  prevailed  between 
the  lands  that  were  destined  to  be  thus  artificially  divided.  *  *  * 
The  only  reasonable  presumption  is  that  the  states,  upon  their  incor- 
poration, continued  the  system  that  had  prevailed  theretofore,  and  made 
no  changes  other  than  those  necessarily  implied  or  expressed." 

In  a  case  between  riparian  owners  in  California  and  appropriators 
in  Nevada  on  West  Carson  Kiver,  the  Court  did  not  attempt  to 
ascertain  individual  priorities,  but  attempted  an  equitable  adjustment 
between  those  in  one  State  as  a  whole  and  those  in  the  other  State 
as  a  whole. 

*  ''Elements  of  Western  Water  Law." 
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Those  flocisions  Ixmiij?  so  fair,  the  question  arises.  "Why  sul)Stitute     >ir. 
iiii  ii(iiiiinistrative  hody  for  a  Court  in  deiilinj?  with  inforstiit(>  streams?"    '*''^'^''- 

Ami   thr  ;iii-\vcr  iiiii-l   he:  "l-'or  llie  sni<e  of  ettieieuey." 

\V.  i;.  Fki.kmw.  Assoc.  .M.  A.\[.  Soc.  C.  E.  (hy  letter).— Thi.s  Mr. 
\;ilu;ih'e  pnper  and  tiie  discussions  thereon  have  heen  particularly  in-  ^'■^*'"'"" 
terestinfj;  to  the  writer,  heeause.  for  a  number  of  years,  he  has  been 
workiuii-  in  Wyoming,  Colorado,  and  N^ew  Mexieo.  and  has  been 
•utininlely  connected  witii  matters  pertaining  to  water  ri<ihts  and  the 
diNiiilmtion  of  the  flow  of  the  rivers  of  those  States.  At  jiresent  there 
i-^  no  tpn>tioii  of  more  vital  public  inii)ortance  in  the  United  States 
than  the  etiuitable  distribution  of  tlu^  waters  of  interstate  streams, 
involvinj;-  a  definition  of  the  relation  of  the  States  to  ea.ch  other 
and   to  the  Federal  (Jovernment. 

'I'lie  Oretion  law,  as  outlined  by  ^Ir.  Lewis,  is  an  excellent  one. 
The  tact  that  it  is  working-  well  is  rather  strong  evidence  of  its 
merit;  and  it  is  gratifying  to  know  that  there  is  a  successful  code  of 
water  laws  in  actual  use,  for  there  have  been  many  defects  in  all 
previous  ones  including  that  of  Wyoming  (which,  heretofore,  has  been 
regarded  as  the  model),  and,  in  many  States,  the  laws — or  lack  of 
laws — in  existence  have  been  utterly  ineffective  and  confusing.  The 
writer  believes  it  to  be  desirable  that  all  Sta.tes- — at  least  the  irriga- 
tion States — should  proceed  immediately  to  adopt  new  laws,  fairly 
uniform  in  character,  with  the  Oregon  law  as  a  standard;  then,  as 
Mr.  Lewis  clearly  demonstrates,  the  matter  will  he  practically  taken 
out  of  the  Courts,  where  only  litigation  and  confusion  has  been  the 
rule,  and  put  in  the  hands  of  a  Board  of  Control  capable  of  determin- 
ing, cla.ssifying,  and  indexing  every  right  in  existence.  In  that  way 
it  will  he  possible  to  know  the  quantity  of  water  available  in  each 
stream  system,  for  future  apjiropriations,  and  the  conditions  under 
which  such  water  is  available,  without  detriment  to  prior  beneficial 
uses.  That  depends,  also,  of  course,  on  the  variation  of  stream  flow 
from  one  season  to  the  next;  but,  with  discharge  data  available,  an 
expert  board  is  surely  able  to  make  a  better  divi.sion  of  waters  than  the 
Courts. 

Oregon  Lavs. — In  the  discussion,  several  suggestions  have  been 
made  for  the  improvement  of  the  Oregon  law.  One,  which  is  very 
good,  is  that  the  unit  of  measurement  be  defined  more  clearly.  For 
instance,  instead  of  stating  that  the  maximum  use  is  1  sec-ft.  for 
80  acras,  it  would  be  much  more  definite  to  state  that  not  more  than 
2^  or  3  acre-ft.  per  season  can  be  used  for  each  acre  irrigated,  and 
it  would  also  be  well  to  define  the  maximum  flow  allowed  in  the  ditches 
under  each  right.  In  that  way  much  trouble  would  be  avoided  in  the 
division  of  water  between  storage  and  direct  users,  and  there  would 
be  no  question  as  to  the  extent  of  each  right,  regardless  of  the  length 
of   the   irrigation   season. 
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Mr.  Another  writer   sugg-ests  that   the   rights   and   duties   of  the   State 

■  Engineer  be  defined  more  specifically  in  certain  matters,  such  as  his 
authority  to  grant  additional  rights  on  a  stream  until  its  flow  and  the 
characteristics  thereof  are  well  known  from  a  record  extending  over  a 
number  of  years.  It  is  quite  necessary  that  general  rules  be  laid  down 
for  his  guidance,  but  it  would  seem  to  be  impracticable  to  make  laws 
relating  to  minute  details  in  matters  of  this  kind  (nearly  as  much  so 
as  to  attempt  the  regulation  of  precipitation  and  run-off  by  statute), 
and  a  gTeat  deal  must  necessarily  be  left  to  the  discretion  of  the  State 
Engineer  and  the  Board  of  Control.  They,  however,  should  be  given 
special  a.uthority  for  non-approval  of  filings  and  applications  pertain- 
ing to  wildcat  projects,  or  schemes  of  which  the  merit  is  doubtful. 

On  the  whole,  it  seems  that  the  Oregon  law  needs  very  little  im- 
provement, and,  with  slight  modifications,  there  is  no  reason  that  it 
should  not  be  as  applicable  in  the  humid  as  in  the  arid  or  irrigation 
States.  In  fact,  many  of  the  Eastern  Sta.tes  have  already  discovered 
the  benefits  to  be  derived  from  irrigation,  and,  if  one  is  to  believe  the 
reports  of  the  Department  of  Agriculture,  the  practice  may  be  extended 
to  every  part  of  the  Union.  The  present  uses  of  water  in  the  Eastern 
States,  where  it  is  returned  to  the  stream  largely  diminished  in  quan- 
tity, do  not  really  differ  materially  from  use  for  irrigation,  and,  of 
coixrse,  power  use  in  both  localities  is  identical.  The  difficulties  in  re- 
gard to  the  adoption  of  uniform  laws  seem  to  exist  largely  in  the  minds 
of  those  who  have  been  educated  to  riparian  doctrines  and  can  conceive 
of  use  on  no  other  basis. 

Interstate  Streams. — It  is  very  evident  that  there  is  need  for  imme- 
diate and  comprehensive  legislation  regarding  the  division  of  interstate 
waters.  The  present  system,  whereby  the  Courts,  at  intervals  of  a 
nvunber  of  years,  render  decisions  in  specific  cases,  some  of  which 
are  contradictory  in  character  and  not  one  of  which  has  yet  clearly 
outlined  the  relation  of  the  States,  is  utterly  without  efficiency,  and 
the  result  is  that  matters  are  constantly  becoming  more  complicated 
as  the  appropriations  continr.e  to  increase.  Congress,  which  had  the 
power  to  create  an  Interstate  Commerce  Commission,  has  certainly 
some  power  to  legislate  without  fear  of  being  overruled  by  the  Courts 
in  a  matter  which  the  Courts  themselves  have  apparently  been  unable 
to  decide  in  a  satisfactory  manner. 

The  case  of  Kansas  vs.  Colorado  is  the  one  most  usually  referred 
to  in  discussions  on  this  subject,  .and  the  decision  itself  and  the  parts 
thereof  have  been  given  a  thousand  and  one  interpretations,  many  of 
them  diametrically  opposite,  by  the  adherents  of  various  sides  of  the 
question.  The  people  in  Colorado,  for  instance,  are  generally  of  the 
o])inion — by  virtue  of  the  fact  that  the  State  Constitution  makes  the 
State  the  owner  of  all  waters  within  its  boundaries — that  it  is  the  privi- 
lege of  the  citizens  of  tlie  State  to  divert  every  drop  of  water,  if  they 
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wish,  troiii  strciinis  tli>\viii^-  iiitu  nci^lilidriiiu'  Stulcs,  rogardlcss  of  prior  Mr. 
appropnatiHiis  m  tliuse  i^tatcs;  aiul  llay  cuiislantly  reier  to  the  result 
of  this  suit  and  a  decision  wliicli  iluy  Ixlicve  virtually  sustains  tlieir 
contention.  Jt  is  rather  hard  for  one  who  is  impartial,  and  has  heen 
traine  1  in  the  doctrine  of  i)riority  and  licneticial  use,  to  conceive  that 
any  ('unrt  <<(  Justice  should  support  such  a  tlicury.  and  tiiere  is  serious 
ddulit  whctlicr  such  was  the  intent  of  the  Sui)rcnu'  Court.  However, 
it  is  lariifly  on  that  idea  that  the  Colorado  interests  expect  to  win  the 
case  of  Wyoming-  vs.  Colorado,  now  hefore  the  U.  S.   Supreme  Court. 

Mr.  Lewis  demonstrates  that  the  Kansas-Colorado  decision  practi- 
cally asserted  that  the  "dnetrine  ef  rii)arian  rights,  *  *  *  is  not  the 
law.  and.  theretnre,  never  has  been  the  law"  even  of  interstate  waters. 
.Mr.  Knuwies,  in  his  discussion,  shows  just  as  clearly  that  the  "principle 
of  e(iual  rights,  which  is  the  basis  of  riparian  rights,"  was  followed. 
The  writer,  however,  believes  that  the  learned  judges,  although  follow- 
ing the  language  of  riparian  rights — because,  from  education  and  prece- 
dent, they  kiiew  no  other — actually  had  in  mind  the  doctrine  of  prior 
appropriatiiin  and  beneficial  use.  In  fact,  it  is  ditfieult  to  imagine, 
from  the  conditions  surrounding  the  case  and  the  evidence  introduced, 
how  riparian  issues  could  be  considered;  therefore,  the  arguments  ad- 
vanced by  ^Ir.  Lewis  are  jx'rliaps  well  grounded.  The  whole  matter, 
however,  shows  very  plainly  how  TUisatisfactory  and  confusing  is  the 
present  method  of  administration  by  injunction  and  Court  decisions, 
and  that  efFective  remedies  are  necessary. 

llie  Government  and  the  States.- — Another  issue  to  be  decided  is 
the  relation  of  the  various  Federal  bureaus  to  the  States,  in  the  admin- 
istration and  use  of  streams,  intra-state  and  interstate.  Several  who 
have  discussed  this  paper  have  taken  advantage  of  the  occasion  to 
attack  the  Reclamation  Service  and  its  work,  and  Federal  policies  in 
general,  relating  to  irrigation  and  the  conservation  of  natural  resources. 
This  is  hardly  pertinent  to  the  question;  neither  is  it  the  writer's  in- 
tention to  defend  the  bureaus  thus  attacked.  The  Reclamation  Service, 
regardless  of  its  unpopularity  in  some  quarters,  has  done  a  great  work 
and  has  given  a  tremendous  impetus  to  irrigation  development,  and 
the  Conservation  movement,  which  seems  to  be  a  good  one,  has  been 
handicapped  by  insufficient  Congressional  legislation  and  because  the 
powers  and  duties  of  the  officials  in  charge  have  not  been  defined. 

The  present  methods  of  administration  of  the  lieclamation  Service 
and  other  bureaus,  and  the  grievances  resulting,  are  traceable  directly 
to  the  chaotic  state  of  affairs  resulting  from  a  system  based  on  govern- 
ment by  injunction  and  the  determination  and  adjudication  of  water 
rights  by  the  Courts.  In  the*  absence  of  definite  limitations  of  their 
powers,  it  was  necessary  for  these  bureaus  to  define  their  own,  and  it  is 
safe  to  say  that  many  whieli  they  have  assumed  arc  not  constitutional. 
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Mr.  It  is  pointed  out  by  one  writer  that  the  Federal  Government  recog- 

reeman.  ^j^es  the  sovereignty  of  the  States  in  matters  pertaining  to  the  use  of 
water  for  irrigation  purposes  because  the  Reclamation  Service  files 
its  applications  for  water  rights  in  the  offices  of  the  State  Engineers 
and  in  accordance  with  the  regulations  of  the  State  where  the  project 
is  located.  This  is  hardly  consistent  with  the  fact  that  this  Service  has 
made  filings  in  a  number  of  instances  for  all  the  unappropriated  waters 
of  a  stream,  a  right  which  an  ordinary  appropriator  might  find  it  diffi- 
cult to  sustain.  Nor  does  it  seem  entirely  fair,  as  has  been  done  in  the 
case  of  the  Rio  Grande,  a  stream  rising  in  Southern  Colorado  and  flow- 
ing into  New  Mexico  and  Texas,  that  the  Reclamation  Service,  not  only 
assumed  the  right,  some  ten  years  ago,  to  file  on  all  the  unappropriated 
waters  of  the  stream  and  its  tributaries  north  of  Elephant  Butte  for  the 
irrigation  of  land  in  Southern  New  Mexico,  Texas,  and  old  Mexico, 
but  has  been  able  to  maintain  it  by  rulings  of  the  Secretary  of  the  In- 
terior, and  thereby  prevent  further  development  in  Southern  Colorado 
and  Northern  New  Mexico ;  whereas  it  is  questionable  whether  the 
Reclamation  project  will  be  completed,  for  any  considerable  percentage 
of  the  ultimate  acreage,  within  fifteen  years  of  the  time  that  the  filings 
were  first  made.  That  proposition  and  the  policy  involved  certainly 
seem  to  be  at  least  as  unfair  and  as  much  open  to  criticism  as  the  one 
advanced  by  Colorado  of  the  right  of  its  citizens  to  use  every  drop  of 
water  within  the  State.  It  seems  easily  possible  to  improve  on  both 
of  these  rather  arbitrary  viewpoints  or  methods  of  procedure,  to  the 
end  that  justice  be  done  to  every  one. 

Administrative  Control. — The  foregoing  illustration  is  given  with- 
out prejudice,  either  to  the  rights  of  a  State  or  a  Federal  bureau,  but 
as  an  example  of  the  results  of  the  present  system.  Such  a  condition 
could  hardly  have  existed  if  there  had  been  a  State  and  National  system 
of  administrative  control,  as  suggested  by  Mr.  Lewis,  with  tlie  author- 
ity of  the  Commission  of  Control  clearly  defined;  and,  in  the  light  of 
all  the  experience  obtained,  there  seems  to  be  no  reason  that  such  a 
Commission  should  not  be  able  to  operate  expeditiously  and  success- 
fully. It  certainly  should  be  more  efficient  in  securing  results  than  the 
workings  of  the  present  system  would  ever  lead  one  to  hope  for. 

The  personnel  would  probably  consist  largely  of  technical  experts 
in  matters  of  this  kind,  and  provision  would  no  doubt  be  made  that 
States  involved  in  a  particular  controversy  be  given  ample  representa- 
tion by  their  own  authorities  to  act  in  conjunction  with  this  Com- 
mission in  the  settlement  thereof.  When  the  number  of  interstate 
streams  in  the  United  States  is  considered,  or  even  those  in  the  irriga- 
tion States,  and  the  number  of  appropriations  on  each  stream  along 
its  course,  it  would  seem  that  there  will  be  sufficient  work  to  occupy 
the  attention  ol  5uch  a  Commission  for  a  long  time. 
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Tlic  writer  sees  no  nioiv  equitable  jirinciple  to  follow,  in  the  adjudi-  Mr. 
fatidU  di'  a  stream  from  source  to  mouth,  than  the  doctrine  of  priority 
and  beneficial  use,  regardless  of  State  lines,  there  beinp  a  clear  defini- 
tion of  domestic  and  other  preferred  uses,  and  the  fact  also  being 
remembered  that  there  will  he  a  certain  return  flow  to  the  stream  from 
the  upper  users.  All  this  will  undoubtedl.v  require  a  great  deal  of 
study  and  expert  investigation,  but  it  seems  inevitable  that  such  ad- 
judications must  he  made  eventually,  and  the  sooner  it  is  done  the 
more  adva.ntageous  it  will  be.  E.xperience  does  not  lead  to  the  belief 
that  much  relief  can  be  expected  if  the  Courts  continue  to  adjust  these 
matters. 

The  first  move  would  seem  to  be  the  adoption  by  the  States  of 
uniform  laws,  similar  in  character  to  those  in  Oregon.  As  soon  after- 
ward as  possible  there  should  be  a  complete  determination  and  adjudi- 
cation of  all  intra-state  water  rights,  with  their  priorities,  by  the  State 
Engineer  and  the  Board  of  Control  of  each  State.  Such  a  movement  in 
the  States  would  no  doubt  accelerate  the  creation  of  a  National  Com- 
mission, which,  when  formed,  would  have  the  benefit  of  all  data  as  to 
water  rights  of  the  various  States,  and  this  would  expedite  the  com- 
plete adjudication  of  the  interstate  streams  and  the  settlement  of 
controversies  relating  thereto.  The  writer  believes  that  engineers 
will  agree  that  results  of  that  kind  are  necessary  and  desirable, 
whether  or  not  they  agree  on  the  method  of  procedure  suggested. 
It  seems  certain  that  the  Engineering  Profession  must  have  much  to 
do  with  the  final  determination  of  these  matters,  and  the  more  they 
are  decided  on  their  merits  as  technical  rather  than  legal  questions, 
the  more  satisfactorily  and  expeditiously  can  they  be  handled. 

Joiix  H.  Lewis,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  fore-  Mr. 
going  discussion  has  greatly  strengthened  the  writer's  conviction  that  ^'  ' 
it  is  the  duty  of  the  Engineering  Profession  to  lead  in  the  reform 
of  State  and  National  water  laws.  There  is  no  profession  which  is 
better  qualified  to  judge  as  to  what  the  laws  relating  to  water  ought 
to  be,  and  no  organization  better  fitted  than  the  American  Society 
of  Civil  Engineers  to  carry  on  a  persistent  educational  campaign  to 
secure  the  ultimate  enactment  of  such  laws.  Much  of  Oregon's  suc- 
cess in  the  administration  of  her  water  laws  is  due  to  the  pioneer 
work  along  this  line  in  Wyoming.  However,  on  one  or  two  points, 
in  his  admirable  discussion  of  the  principles  of  law,  it  is  believed 
that  Mr.  Johnston,  former  State  Engineer  of  Wyoming,  is  in  error. 
He  says  that  "The  States  have  not  properly  administered  the 
smaller  streams  which  they  own."  From  this  it  is  assumed  that 
Mr.  Johnston  means  to  say  that: 

"The  waters  of  all  natural  streams,  springs,  lakes,  or  other  collec- 
tions of  still  water  within  the  bounchiries  of  the  State  of  Wyoming  are 
*     *     *     the  property  of  the  State," 
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Mr.    as  provided  in  Article  VIII,  Section  1,  of  the  Constitution  of  Wyoming. 

ewi  .  rpj^-g^  ^^  -^.g  f jjce,  looks  like  an  irrevocable  grant  by  Congress  of  all 

waters   within   its   borders   to   the    State   of   Wyoming,    and   that   the 

United   States,   or  any   adjoining   State,   can   have  no   jurisdiction   or 

control  over  the  same. 

La.ter,  Mr.  Johnston  states  that  principles  are  of  so  much  more  im- 
portance than  details  of  law  that  he  does  not  feel  inclined  to  discuss 
the  question  of  State  or  National  control. 

It  seems  that  this  question  is  fundamental.  It  is  true  that  the  prin- 
ciples of  priority  and  beneficial  use,  a.s  a  basis  for  water  titles,  should 
be  understood  and  adopted  by  both  the  States  and  the  Nation,  but, 
until  we  can  decide  as  to  whether  this  system  of  water  titles  should  be 
administered  by  the  States  or  by  the  Nation,  there  is  little  use  dis- 
cussing details. 

It  is  doubtful  if  the  approval  by  Congress  of  a  lengthy  document 
containing  the  words  above  quoted  will  ever  be  construed  as  a  grant 
of  water  to  a  State,  as  to  do  so  would  virtually  give  to  Wyoming  the 
control  of  all  Government  land  within  its  borders,  as  this  land  is 
worthless  without  water.  Such  construction  would  be  in  conflict  with 
Section  3  of  the  ordinance  forming  part  of  the  Wyoming  Constitu- 
tion, providing  that  the  State  disclaims  all  right  and  title  to  the 
unappropriated  public  lands  lying  within  its  boundaries. 

Few,  if  any  other.  States  have  such  positive  declarations  as  to 
State  ownership  of  water.  Whatever  the  law  in  the  Eastern  States, 
there  must  be  some  unappropriated  waters  in  most  streams  subject 
to  public  control  under  any  law  that  may  be  enacted  at  this  time. 
It  is  important  that  the  public  ascertain  and  determine  the  location 
and  extent  of  these  public  waters  so  that  flood-water  reservoirs  may 
be  coixstructed  for  the  preservation  of  life  and  property  during  periods 
of  excess  run-off,  and  for  the  benefit  of  navigation,  power,  irrigation, 
and  domestic  supplies  during  the  low-water  period.  To  do  this  we  must 
have  some  sort  of  an  interstate  or  Federal  administrative  system,  cor- 
responding in  character  to  that  found  desirable  within  the  State  for 
such  work.  The  riparian  owner  cannot  insist  that  those  destructive 
floods  continue  to  flow  uninterrupted  as  in  the  past.  The  right  to  the 
use  of  all  water  in  every  part  of  the  United  States  which  has  been 
put  to  beneficial  use  can  in  general  be  considered  as  vested.  In  some 
pa,rts  of  the  East,  the  riparian  owner  has  perhaps  some  rights  in  the 
ordinary  or  low-water  flow  of  the  stream,  notwithstanding  the  fact 
that  he  has  not  put  the  waters  to  beneficial  use.  The  public  is  en- 
titled to  know  the  extent  of  all  vested  rights,  of  whatever  nature, 
and  to  have  provided  by  law  some  orderly  method  of  acquiring  rights 
in. such  unappropriated  water,  so  that  development  can  keep  pace  with 
modern  demands.    Knowing  the  extent  of  such  rights,  they  can  be  pur- 
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(.'liayeJ  or  (■<.ii(I(MiuiO(1.  niid  tlioir  vjiliic  lo   llic  (miicr  will   I.c   iiicrca.sctl     Mr. 
accordingly.  Lewis. 

If  we  liad  not  discu.^^scd  the  relative  merits  of  county  control  and 
State  control  in  Oregon,  we  would  still  be  attempting  to  administer 
streams  through  a  cumbersome  system  of  county  control.  It  is  high 
time  that  all  who  are  thinking  along  conservation  lines  get  down  to 
a  discussion  of  the  fundamental  questions  on  which  any  con.structivc 
legislation  must  be  built,  that  is,  the  proper  jiirisdirtion  for  ad- 
ministrative purposes. 

^fr.  Knowles  states  that  "There  may  be  a  question,  also,  as  to 
whether  the  law  has  become  sufficiently  determined  to  justify  the 
creation  of  an  administrative  commission,"  also,  "If  it  be  true  that 
the  law  for  all  cases  has  not  been  determined,  it  would  appear  almost 
certain  that  any  important  contest  between  States,  before  an  ad- 
ministrative board,  would  be  appealed  to  the  Supreme  Court,  until 
the  universal  law  had  become  established,  and  a  Commission  might 
therefore  be  of  no  value  at  present." 

We  have  practically  no  interstate  or  National  law  relating  to  the 
administration  or  distribution  of  streams.  How,  then,  can  the  law  ever 
become  settled  by  judicial  interpretation?  In  the  absence  of  such 
statutory  laws,  the  Courts,  as  new  cases  arise,  must  practically  legis- 
late on  the  point  at  issue  in  order  to  decide  the  matter.  If  Mr. 
Ivnowles  expects  to  await  the  building  up  of  a  Federal  administrative 
system  by  this  slow  and  expensive  system  of  Court  legislation,  then 
we  may  as  well  abandon  the  whole  subject  of  constructive  legisla- 
tion. Many  laAvyers  take  this  view  of  the  question,  as  the  chaotic 
condition  of  State  and  National  laws  is  desired  by  a  certain  class  of 
powerful  corporations  seeking  the  monopolistic  control  of  water  without 
use,  and  because  litigation  of  this  character  extends  over  many  years, 
and  is  therefore  highly  profitable  to  the  legal  profession. 

Appeals  from  any  administrative  board  established  by  Congress  to 
regulate  streams  are  certain  to  be  carried  to  the  highest  Courts.  The 
quicker  such  appeals  are  taken,  the  better.  If  the  law  is  defective, 
it  can  be  amended,  and  we  will  be  on  the  high  road  to  a  solution  of 
these  many  important  problems.  If  it  is  upheld,  such  point  will  prob- 
ably never  be  carried  again  to  the  Courts.  A  few  such  cases  will 
settle  all  doubtful  points,  and  the  administrative  board  will  proceed 
with  its  work,  speedil.y  and  economically,  and  with  great  benefit, 
through  the  higher  development  and  use  of  our  natural  resources. 

With  reference  to  the  Oregon  system  of  water  titles.  Judge  Bean, 
of  the  United  States  District  Court  for  Oregon,  said,  in  a  recent  case 
(Silvies  River  case,  199  Fed.,  495)  : 

"I  am  impressed  with  the  soundness  of  the  view  that  a  proceeding 
for  tlie  adjudication  and  determination  of  tlie  rights  to  the  use  of  the 
waters  within   the  state,  instituted  and   conducted  as  provided  in  the 
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Mr.  lofi-islative  act  of  1909,  is  in  effect  a  proceeding  on  behalf  of  the  state 
Lewis.  ^^)^j.f,^,g}^  jjj^  administrative  or  executive  board  to  have  judicially  set- 
tled in  an  economical  and  practical  way,  the  rights  of  various  claim- 
ants to  the  use  of  the  waters  of  a  stream  or  source  of  supply,  and  thus 
avoid  the  uncertainty  as  to  water  titles  and  the  long  and  vexatious 
controversies  concerning  the  same  which  have  heretofore  greatly  re- 
tarded the  material  development  of  the  state." 

The  sta.tement  by  Mr.  Dillman  concerning  two  strong  corpora- 
tions on  a  stream  in  California  which  "shut  out  the  small  fry"  by 
protracted  litigation  over  water  and  then  withdrew  the  suit  and  divided 
the  water  between  themselves,  is  a  good  example  of  the  kind  of  justice 
some  States  mete  out  to  their  citizens.  By  arguing  the  question  of 
States'  rights  or  Federal  rights  thus  delaying  action,  we  will  soon 
find  "the  small  fry"  getting  the  same  kind  of  justice  meted  out  to  them 
in  the  Federal  Courts  through  litigation  over  interstate  rights,  irre- 
spective of  the  fact  that  in  some  States  good  water  codes  may  be  in 
effect. 

In  the  above-mentioned  case,  construing  the  Oregon  administrative 
code,  one  of  California's  most  powerful  corporations  was  shut  out  of 
the  Federal  Court  and  was  compelled  to  submit  to  the  administrative 
officers  of  the  State.  The  same  tactics  had  been  i^ursued  for  years  on 
Silvies  River,  in  Oregon,  where  litigation  has  been  in  progress  for  so 
many  years  that  most  of  the  "small  fry"  were  about  ready  to  sell  out 
for  little  or  nothing  and  leave  the  country.  They  now  have  some  chance 
to  have  their  cases  tried  without  ruinous  expense,  and  once  for  all  time, 
which  is  the  important  point. 

IMr.  Dillman  wishes  to  be  delivered  from  any  more  Government 
Bureaus,  but  if  only  a  Government  Bureau  can  protect  "the  small  fry," 
then  by  all  means  let  us  have  another  bureau.  California,  howe\'er, 
needs  a  State  Water  Bureau  worse  than  any  other  State  in  the  Union, 
and  the  lack  of  such  bureau  is  probably  due  to  the  presence  of  such 
X^owerfid  companies  having  control  of  great  quantities  of  water  under 
lax  laws  which  do  not  reciuire  beneficial  use  as  the  basis  of  the  right. 

The  writer  is  glad  to  note  the  admission  by  Mr.  Sheley  that  the 
attempt  to  adjudicate  water  rights  in  Utah  through  proceedings  in  the 
Courts  has  been  found  to  be  impractical.  This  is  the  history  in  every 
State  where  an  earnest  attempt  thus  to  adjudicate  water  rights  has 
been  made,  and  is  the  reason  why  many  States  are  now  turning  over 
all  water  matters  to  administrative  boards  having  only  subordinate 
judicial  powers. 

Mr.  Knowles  believes  that,  by  applying  the  "rule  of  reason"  to  the 
two  conflicting  doctrines  of  riparian  rights  and  appropriations  and  use, 
both  can  be  merged  into  one  and  the  conflicting  laws  of  adjoining 
States  be  thus  brought  into  harmony.  This  plan  has  been  attempted 
for  years  in  California.     It  has  resulted  in  the  most  confused  jumble 
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of  impractical  laws  to  be  found  in  any  State  in  tlio  Union.  What  the  Mr. 
law  is  in  that  State  no  one  can  tell  without  examining  thousands  of 
papes  of  conflicting:  Court  decisions,  and  then  no  two  investigators  of 
the  law  can  agree  exactly  as  to  what  the  law  really  is.  The  rule  of 
reason  applied  by  one  judge  will  differ  from  that  applied  by  another. 
In  those  large  interstate  or  National  problems  like  the  control  of  the 
Mississippi  or  Ohio  Rivers,  where  millions  of  dollars  of  the  peoples' 
money  must  be  invested,  we  must  have  some  absolutely  definite  legisla- 
tion before  such  work  is  undertaken.  Such  works  should  endure  for 
all  time,  and  the  necessary  title  to  water  should  not  be  left  to  the  reason 
or  logic  of  any  judge,  however  learned. 

In  his  discussion,  Mr.  Knowlcs  lias  attcmjited  to  point  out  certain 
errors  in  law  made  in  the  paper.  As  Mr.  Johnston  says,  "Principles 
are  of  so  much  more  importance  than  details  of  law,"  and  the  writer 
believes  it  is  almost  a  waste  of  time  for  the  engineer  to  discuss  such 
detailed  matters.  Therefore,  no  attempt  will  be  made  to  point  out 
what  are  believed  to  be  errors  in  his  reasoning. 

We  must  recognize  the  fact  that  we  have  at  the  present  time  no 
interstate  or  National  administrative  laws  relating  to  the  diversion  and 
use  of  streams.  It  should  be  the  province  of  the  engineer  to  ascertain 
what  the  law  ought  to  be.  When  this  has  been  accomplished,  and  such 
law  is  framed  in  harninny  with  the  laws  of  Nature  and  in  conformity 
with  good  engineering  and  business  practice,  then  legal  experts  should 
be  called  in  to  advise  what  changes  are  necessary  to  conform  with  good 
legal  practice.  Some  of  the  best  lawyers  are  always  found  on  the  side 
of  reform  to  promote  the  public  good.  Owing  to  the  present  confusion 
of  water  laws,  it  will  doubtless  be  found  that  almost  any  law  for  the 
highest  public  good  can  be  sustained  in  the  Courts.  We  are  certain, 
however,  that  every  section  of  such  law  which  conflicts  in  any  way  with 
vested  property  rights  will  be  pointed  out  by  the  lawyers  in  Congress, 
and  most  fully  corrected  before  any  such  legislation  will  be  enacted. 
However,  it  is  believed  that  Congress  will  welcome  suggestions  from  the 
Engineering  Profession  as  to  what  the  law  ought  to  be,  m  order  to 
stimulate  the  developuicut  of  vast  engineering  enterprises. 

I)l\  IIii:ii  (  'oNTHOL. 

Since  writing  the  paper,  the  Department  of  the  Interior,  of  the 
United  States,  has  issued  regulations  concerning  rights  of  way  through 
the  public  lands  and  reservations  of  the  United  States  *  *  *  for 
Power  Purposes,  approved  August  24th,  1912.  These  regulations  apply 
to  Interior  Department  lands,  and  are  much  the  same  as  those  adopted 
by  the  Agricultural  Department  for  lands  within  the  National  Forests. 
They  are  based  on  the  theory  of  land  control,  impose  certain  limita- 
tions on  the  use  of  vrater,  and  amount  to  the  same  thing  as  the 
United  States  controlling  the  water.     Permits  are  revocable  at  will  by 
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Mr.  the  Secretary,  and  terminate  in  fifty  years  unless  renewed  under  certain 
^«^'-  conditions. 

These  regulations  have  confirmed  the  writer's  opinion  that  the 
Ihiited  States  controls  not  only  the  public  lands  in  the  Western  States, 
but  also  the  water  flowing  over  the  same,  and  that  the  State  exercises 
almost  no  control  whatever  over  such  waters,  except  by  virtue  of  these 
regulations  which  require  compliance  with  State  laws.  When  such 
lands  pass  into  private  ownership  and  water  is  appropriated,  then  such 
water  to  that  extent  is  subject  to  State  regulation. 

The  Acts  of  Congress  of  1866  and  1877  are  believed  by  many  to  be 
an  irrevocable  grant  of  water  to  the  States,  but  this,  apparently,  is  not 
the  case. 

Concerning  this  question  of  State  control  of  waters  on  Federal  lands, 
the  Supreme  Court  of  the  Ilnited  States  held,  in  the  case  of  the  United 
States  vs.  Rio  Grande  Dam  and  Irrigation  Company  (174  U.  S.,  690- 
703),  that: 

"Although  this  power  of  changing  the  common  law  rules  as  to 
streams  within  its  domain  undoubtedly  belongs  to  each  state,  yet  two 
limitations  must  be  recognized :  (1)  That  in  the  absence  of  specific 
authority  from  Congress,  a  state  cannot  by  its  legislation  destroy  the 
right  of  the  United  States,  as  the  owner  of  lands  bordering  on  a  stream, 
to  the  continued  flow  of  its  waters ;  so  far  at  least  as  may  be  necessary 
for  the  beneficial  use  of  the  Government  property;  (2)  That  it  is  lim- 
ited by  the  superior  power  of  the  general  Government  to  secure  the  un- 
interrupted navigability  of  all  navigable  streams  within  the  limits  of 
the  United  States." 

"In  other  words,  the  Court  holds  that  the  jurisdiction  of  the  United 
States  over  the  natural  watercourses  upon  the  public  domain"  is 
superior  and  paramount  to  the  jurisdiction  of  any  State;  and  that  all 
needed  measures  may  be  taken  by  the  Government  to  preserve  the 
watercourses  of  the  country  for  "at  least"  the  two  purposes  named 
above  "even  against  the  action  of  any  state,"  in  authorizing,  under  its 
laws,  appropriations  to  be  made.  The  Court,  especially  in  the  Kansas- 
Colorado  and  Rio  Grande  cases,  clearly  intimates,  to  say  the  least,  that 
the  Government  might  also  make  other  claims  to  the  water  than  for 
its  use  for  irrigation,  or  as  a  riparian  owner.  Whether  it  will  do  so, 
time  alone  will  tell.* 

"The  Government  is  still  the  owner  of  the  suri^lus  of  the  waters 
flowing  upon  the  public  domain,  or  rather  the  owner  of  all  the  waters 
flowing  thereon,  remaining  after  deducting  the  rights  to  the  use  of  the 
same  which  have  vested  and  accrued  in  some  legal  way  to  individuals 
and  companies.  *  *  *  It  therefore  follows  as  the  result  of  the  own- 
ership by  the  United  States  of  the  waters  flowing  on  the  public  domain, 
that  any  dedication  by  a  State  of  all  the  waters  flowing  within  its 
boundaries  to  the  State  or  to  the  public,  amoixnts  to  but  little,  in  the 

*  Kinney,  in  his  recent  work  on  Irrigation  Law,  p.  3096. 
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face  of  any  claim  which  mipfht  be  made  by  tlie  Govoriunont,  at  least    Mr. 
to  all  the  surplus,  or  unused  waters  within  the  State.'"* 

Kinney  states,  further,  that  Conprress,  if  it  had  seen  fit,  coiild  have 
laid  claim  to  the  necessary  surplus  water  for  projects  constructed  under 
the  Reclamation  Act,  by  "virtue  of  the  fact  that  title  to  the  surplus 
waters  flowing  over  the  public  domain  is  in  the  Government,"  and  not 
under  the  State  laws,  as  was  provided  in  Section  8,  of  such  Act.  Much 
confusion  within  the  States  may  result  eventually  where  Congress  has 
reserved  water  for  Indian  reservations,  which,  after  many  years,  has 
never  been  used  by  the  Indians,  but,  in  the  meantiiuo.  has  been  \ised 
by  others  below. 

It  appears,  therefore,  from  these  authorities  and  from  the  wording 
of  the  Acts  in  question,  that  Congress,  if  it  saw  fit,  could  repeal  at 
any  time  existing  laws  relating  to  water  and  adopt  some  new  law  for 
all  surplus  and  unappropriated  waters  on  the  public  domain.  In  such 
an  emergency,  we  would  have  divided  control  within  the  Western  States 
to  such  an  extent  as  to  make  any  control  impracticable  except  through 
the  closest  co-operation. 

Mr.  Cory  states  that  it  is  beginning  to  be  safe  for  the  National 
authorities  to  start  gradually  releasing  their  water  powers  to  the  indi- 
vidual States,  and  that  National  ownership  and  operation  of  such  a 
public  utility  as  electric  power  would  be  unwise. 

The  writer  will  attempt  to  show  that  in  some  cases  the  first  proposi- 
tion is  unwise,  and  that  the  second  proposition  is  the  only  logical  plan 
for  the  development,  distribution,  and  use  of  water  power  in  the  West- 
ern States.  ^ 

TRANSFER   TO    STATES. 

Owing  to  the  conservation  sentiment  in  the  Eastern  States,  it  is 
believed  to  be  very  unlikely  that  the  United  States  will  ever  turn  over 
to  the  States,  for  administrative  purposes,  the  control  of  public  lands 
now  withdrawn  for  power  purposes.  We  cannot  await  the  settlement 
of  this  complicated  political  issue  before  imdertaking  some  of  the  large 
enterprises  in  the  West,  which  per  unit  cost  are  far  cheaper  to  con- 
struct than  many  of  the  small  projects  now  being  undertaken  by  private 
capital,  or  by  the  public  under  the  Reclamation  Act,  or  Carey  Act, 
without  co-operation  with  all  other  interests  in  the  field.  To  illustrate 
the  point,  one  large  irrigation  project  and  one  large  power  project 
in  Oregon  will  be  described,  and  an  attempt  made  to  show  that  imme- 
diate construction  is  what  is  wanted,  leaving  to  the  future  the  settle- 
ment of  the  question  of  State  or  Federal  control  of  streams. 

Deschutes  Irrigation  Project. 

On  the  Deschutes  River,  at  Benham  Falls,  181  miles  measured  along 
the  stream  from  its  junction  with  the  Columbia  River  at  Oregon,  a 

*  Kinney,  on  Irrigation,  Second  Edition,  p.  692. 
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Mr.  75-ft.  dam  will  back  the  water  up  for  more  than  20  miles,  flooding 
25  000  acres,  and  will  store  700  000  aere-ft.  of  water.  The  remainder 
of  the  1  058  000  acre-f t.  of  water  which  passes  this  point  annually  can 
be  diverted  from  this  stream  in  the  vicinity  of  the  Town  of  Bend,  with- 
out storage,  for  irrigation  during  the  summer,  and  will  supply  about 
100  000  acres  of  land.  The  stored  water  will  irrigate  about  210  000 
acres  in  addition.  The  entire  stream,  at  Benham  Falls,  will  thus 
supply  310  000  acres,  which  is  equivalent  to  a  strip  of  land  1  mile 
wide  and  484  miles  in  length.  It  has  been  roughly  estimated  that  the 
cost  of  construction  will  be  about  $30  per  acre. 

Incidental  to  this  development,  an  enormous  amount  of  summer 
power  will  be  produced,  for,  in  the  37  miles  between  the  dam  site  and 
the  last  diversion  dam  for  irrigation  purposes,  there  is  a  total  fall  of 
1  300  ft.  During  the  height  of  the  irrigation  season,  about  5  000  sec-ft. 
of  water  will  be  available  for  power  development  in  the  upper  portion 
of  this  stretch.  As  the  different  diversion  dams  for  irrigation  are 
passed,  smaller  quantities  of  water  will  be  available  for  power  until 
the  last  diversion  at  Cline  Falls  is  reached,  where  about  1  500  sec-ft. 
will  be  diverted  for  the  lower  districts  to  be  irrigated. 

During  the  winter,  when  the  reservoir  is  filling,  the  power  possibili- 
ties along  70  miles  of  the  stream  channel,  having  a  total  fall  of  2  600  ft., 
will  be  destroyed,  but  this  is  not  a  serious  loss,  as  the  seepage  water 
below  the  reservoir  can  be  carried  through  the  lower  irrigation  canal 
to  a  vertical  drop  about  800  ft.  in  total  height,  where  more  winter 
power  can  probably  be  developed  than  can  be  used  for  many  years  to 
come  in  that  section.  jSTear  the  lower  end  of  this  district  which  it  is 
proposed  to  irrigate,  the  stream  enters  a  deep  rock-walled  canon  from 
which  it  is  impossible  to  divert  water.  Some  of  the  largest  tributaries 
enter  just  below  the  section  to  be  irrigated,  so  that,  with  full  storage 
at  Benham  Falls,  about  4  500  sec-ft.  can  be  depended  on  at  the  mouth 
of  the  stream,  provided  80  000  acre-f t.  can  be  stored  on  Crooked  River, 
one  of  the  upper  tributaries,  to  piece  out  the  low-water  flow.  There 
is  a  fall  of  1  400  ft.  in  111  miles  of  this  lower  river,  below  the  mouth 
of  the  Metolius  River,  its  principal  tributary.  On  this  latter  stream 
there  is  a  fall  of  about  2  600  ft.  in  70  miles.  Practically  all  of  this 
enormous  fall  can  be  utilized.  The  flow  of  the  stream  is  most  peculiarly 
luiiform,  due  to  the  light  porous  pumice  stone  formation  which  covers 
the  entire  upper  drainage  of  the  Deschutes  and  its  principal  tributaries 
to  a  considerable  depth. 

These  enormous  power  and  irrigation  possibilities  are  so  inter- 
related that  the  United  States  could  not  surrender  the  power  sites 
without  jeopardizing  its  land  and  irrigation  rights.  The  United  States 
owns  about  one-half  the  irrigable  land  in  this  district,  and  has  with- 
drawn enough  land  along  the  stream  practically  to  control  the  power 
situation.      So   enormous   are   the   power  possibilities   that   ultimately 
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much  of  the  Government  land  along-  the  Columbia  River  and  other  Mr. 
streams,  both  in  Oregon  and  Washington,  within  economical  pumping 
range,  will  ultimately  be  reclaimed  by  power  from  the  Deschutes  River. 
To  settle  finally  all  the  complicated  State  and  National  questions, 
so  as  to  permit  the  logical  development  of  this  stream  for  the  greatest 
good  to  the  greatest  number,  would  require  many  years.  In  the  mean 
time,  the  railroad  which  is  now  constructed  up  the  Deschutes  River  to 
the  Town  of  Bend,  will  have  been  constructed  southward  through  the 
proposed  reservoir  site  where  its  right  of  way  is  now  partly  cleared. 
Also,  numerous  power  plants  will  have  been  constructed  along  the 
main  stream  immediately  below  the  proposed  dam  site,  thus  preventing 
the  storing  of  the  winter  flow.  These  and  other  like  complications,  if 
not  prevented,  will  accumulate  to  such  an  extent  that  in  a  few  years 
this  magnificent  project  will  be  too  much  encumbered  to  undertake; 
but  all  such  difiiculties  can  be  prevented  without  in  any  way  retarding 
present  development,  if  such  private  development  is  forced  to  conform 
to  some  public  plan  for  the  stream  as  a  whole. 

The  development  of  much  of  the  water  power  on  the  Lower 
Deschutes  River,  has  been  greatly  complicated  by  the  recent  building 
of  a  railroad  along  either  bank  of  the  stream  so  near  the  water 
surface  that  the  construction  of  dams  to  an  economical  height  is  made 
impossible  without  moving  the  grades.  These  roads  were  forced  ta 
elevate  their  tracks  around  the  proposed  power  sites  of  two  private 
companies,  also  one  site  selected  by  the  U.  S.  Reclamation  Service. 
With  but  little,  if  any,  extra  cost,  these  roads  could  have  been  con- 
structed at  a  uniform  height  of  100  ft.,  or  more,  above  the  bed  of 
the  stream.  The  water  power,  however,  belonged  to  the  public,  and 
we  have  been  so  busily  engaged,  in  disputing  the  right  of  the  State 
or  the  Nation  to  control,  that,  in  this  instance,  much  power  has  been 
almost  completely  destroyed  through  public  neglect.  The  same  will 
occur  with  respect  to  the  irrigation  and  power  possibilities  of  the  upper 
valley,  where  only  65  000  acres  are  now  under  irrigation,  and  where 
there  is  a  possibility  of  irrigating  500  000  acres  if  the  water  is  put  to 
use  in  accordance  with  a  comprehensive  preconceived  plan. 

The  State  has  a  large  measure  of  control  over  the  waters  of  this 
stream,  and  the  United  States,  through  its  National  Forest  Reserva- 
tions, Indian  Agencies,  and  water-power  withdrawals,  exercises  a  very 
large  control  over  such  stream  through  the  control  of  land  rights. 
Therefore,  the  public  interest  could  be  well  protected  if  the  State  and 
the  Nation  could  unite  in  some  workable  plan  for  the  greatest  good. 

Co-operation. 

On  February  21st,  1913,  the  Legislature  of  the  State  of  Oregon 
appropriated  $50  000  for  co-operation  with  the  U.  S.  Reclamation 
Service  in  the  preparation  of  a  comprehensive  plan  for  the  Deschutes 
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Mr.     River  Basin,  and  the  Secretary  of  the  Interior  has  agreed  to  allot  a 
like  sum  for  such  work,  which  is  to  be  carried  out  jointly. 

The  State  law  authorizes  the  withdrawal  of  all  necessary  water 
rights  for  the  protection  of  the  project.  On  the  completion  of  the 
plans,  any  part  or  all  of  the  project  can  be  turned  over  to  private 
capital  for  construction,  on  payment  of  the  full  cost  of  preparing  such 
l^lans.  the  money  to  go  into  a  revolving  fund  for  the  promotion  of  other 
projects;  provided  that  no  such  project,  or  any  part  thereof,  shall  be 
turned  over  to  private  capital  except  on  full  hearing  of  all  interested 
])arties,  and  proper  assurance  that  public  interest  will  be  safeguarded. 

Anticipating  difficulty  in  securing  private  capital  to  carry  out  so 
large  an  undertaking,  the  Legislature  has  recently  submitted  a  con- 
stitutional amendment  for  the  vote  of  the  people,  authorizing  the  issu- 
ance of  State  bonds  to  the  extent  of  2%  of  the  assessed  valuation  of 
the  State  for  the  construction  of  irrigation  and  power  projects,  and 
for  clearing  and  developing  the  cut-over  timber  land  of  the  State. 

In  case  it  is  found  necessary  for  the  public  to  underta.ke  the  develop- 
ment of  its  own  resources,  it  is  being  strongly  urged  that  the  State 
co-operate  with  the  Nation,  rather  than  attempt  a  new  organization. 
It  is  believed  that  the  people  will  not  vote  millions  of  dollars  for  de- 
velopment projects  without  tying  up  to  some  stable,  experienced  organi- 
zation which  has  actually  made  a  success  in  this  important  work. 
The  few  mistakes  of  such  service  only  serve  to  strengthen  the  argu- 
ments for  co-operation,  as  these  mistakes  are  not  likely  to  be  repeated. 
In  this  way  the  difficult  question  of  politics  and  patronage  can  be 
overcome.  It  is  believed  that  the  United  States  can  be  prevailed  on 
to  co-operate  with  the  State,  dollar  for  dollar,  as  $20  000  000  has  al- 
ready been  voted  by  Congress  for  irrigation  in  the  West,  without 
any  offer  of  co-operation  on  the  part  of  the  States  most  vitally 
interested. 

It  thus  appears  that  the  policy  most  likely  to  secure  immediate 
development  is  that  of  co-operation  between  the  State  and  Nation, 
leaving  to  the  future  the  discussion  of  States'  rights  and  Federal  rights. 
If  we  should  take  the  position,  advocated  by  Mr.  Cory,  of  demanding 
the  turning  over  by  the  United  States  to  the  States,  of  its  various 
resources  in  the  West,  we  might  never  attain  that  end.  If  we  did, 
we  would  then  be  many  years  behind  the  times,  as  each  State  would 
have  to  organize  a  complicated  technical  bureau  to  handle  the  work, 
and  would  inevitably  repeat  many  of  the  mistakes  of  the  United  States, 
if  not  do  far  worse. 

In  a  very  brief  campaign,  we  have  actually  attained  in  Oregon 
co-operation  with  the  United  States,  Furthermore,  the  people  are  in 
entire  sympathy  with  a  comprehensive  development  programme,  as 
the  Legislature  has  just  appropriated  $450  000  to  complete  one  unit 
of  the  big  Deschutes  scheme,  where  the  State  has  made  a  failure  in 
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the   reclamation   of  27  000  acres  from   Tumalo   Creek,   under  the  pro-    Mr. 
visions  of  the  Carey  Act.     Water  rights  to  about  20  000  acres  of  land    ^^^^' 
had  been  sold  where  the  supply  was  barely  sufficient  for  about  3  000 
acres. 

PowKR  Development  by  tiik  Public. 

Each  house  of  the  Oregon  Legislature  has  passed  a  somewhat  differ- 
ent bill  appropriating  $25  000  for  the  thorough  investigation  of  the 
Columbia  River  Power  Project,  near  The  Dalles,  as  outlined  bv  the 
State  Engineer  in  his  Fourth  Biennial  Report.  It  is  believed  that  an 
agreement  will  be  reached  within  the  next  few  days  and  the  investiga- 
tion authorized.  It  is  the  purpose  of  this  bill  to  make  diamond-drill 
borings,  prepare  detailed  plans,  specifications,  and  estimates  of  cost 
for  a  536  000-h.p.  project,  and  to  estimate  the  cost  of  transmission  of 
this  power  to  various  points  in  Oregon  and  Washington ;  also  to  esti- 
mate the  cost  of  distributing  such  power  from  sub-stations  in  the  cities 
to  individual  consumers.  To  show  the  saving  which  would  result,  esti- 
mates are  to  be  furnished  giving  the  cost  of  producing  power  from 
other  sources  than  water.  This  work  is  to  be  carried  out  jointly  by 
the  States  of  Oregon  and  Washington,  and  the  United  States,  if  co- 
operation can  be  had  from  such  sources.  A  joint  legislative  commis- 
sion from  both  States,  headed  by  the  respective  Governors,  has  exam- 
ined the  project  and  recoimnended  the  plan.  In  order  to  show  why 
private  capital  cannot  undertake  the  construction  of  this  project,  and 
why  it  is  necessary  for  the  public  to  promote  it,  and  perhaps  eventually 
construct  it,  a  brief  description  of  the  entire  plan  is  presented. 

Columblv  Power  Project — Summary. 

Installed  Machine  Capacity:  536  000  h.p.  with  300  000  h.p.  of 
12-month  power  and  236  000  h.p.  of  8-month  power. 

Location:  At  Big  Eddy,  3  miles  above  The  Dalles,  90  miles  east 
of  Portland,  the  metropolis  of  Oregon,  and  200  miles  from  the 
mouth  of  the  Columbia,  and  the  Pacific  Ocean. 

Market:  240  000  h.p.  for  fertilizer  works,  the  remainder  for  the 
iron  and  steel  industry,  wood  distillation  plants,  aluminum, 
carborundum,  carbide,  alkali  works,  electro-chemical  indus- 
tries, woolen  mills,  pulp  and  paper  mills,  light,  heat,  and 
IKjwer  in  wholesale  blocks  to  encourage  new  industries,  and 
without  competition  in  retail  business  of  local  power  com- 
panies. 

Dam:  Present  channel  of  Columbia  to  be  closed  by  a  dam,  300  ft. 
long,  approximately  180  ft.  high  above  foundations,  and  new 
channel  excavated  in  solid  rock  1 400  ft.  wide,  and  water 
surface  regulated  by  removable  dam,  sections  100  ft.  long, 
60  ft.  high.     Location,  1^  miles  above  power-house. 
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Mr.  Power-House:    Oregon  or  Washington  side.     Planned  for  Wash- 


Lewis. 


ington  side,  at  Big  Eddy;  1200  ft.  long,  about  200  ft.  high 
above  foundations,  contains  21  turbines,  supplied  by  canal, 
300  ft.  wide,  with  20  ft.  depth  of  excavation,  1^  miles  long' 
from  pool  above  dam. 

Head  of  Water:  One-half  height  of  Niagara  Falls  (73  ft.  at  low 
water;  approximately  42  ft.  at  high  water).  Natural  fall  at 
low  water  in  river  11  ft.,  with  fluctuation  of  90  ft.  at  pro- 
posed dam  site. 

Water  Available :  Minimum,  50  000  sec-ft.,  maximum,  1  390  000 
sec-ft.,  mean  flow,  235  000  sec-ft.  Drainage  area  at  The 
Dalles,  236  800  sq.  miles.  Stream  flow  record  for  33  years 
available. 

Turbines :  Runner  16  ft.  in  diameter,  shaft  of  steel  30  in.  in 
diameter,  60  ft.  long,  supporting  generator  on  top  approxi- 
mately 36  ft.  in  diameter,  maximum  capacity,  32  000  h.p.,  all 
at  80  rev.  per  min.  on  one  oil  bearing.  Maximum  water 
capacity  of  each,  5  000  sec-ft. 

Cost:  $23  076  000,  or  $77  per  h.p.  for  300  000  h.p.  Cost  of  low- 
tension  power  station,  $6.90  per  h.p.  per  annum.  Cost  of 
power  by  steam  from  waste  sawdust,  about  0.5  to  0.7  cents 
per  kw-hr.,  or  from  $33  to  $46  per  horsepower-year.  Minimum 
price  at  Niagara  for  large  blocks,  $9.00,  average  about  $15.00. 

Transportation :  Competing  transcontinental  railways  at  power- 
house, with  navigable  water  from  same  to  Pacific  Ocean,  and 
for  many  miles   inland. 

Raw  Products:  Abundant  and  accessible  for  many  different  in- 
dustries. Air,  20  000  000  tons  of  nitrogen  above  1  sq.  mile 
of  the  earth's  surface,  or  enough  to  supply  fertilizer  for  the 
world  for  50  years.  Timber,  iron  ore,  lime,  salt,  and  other 
products  accessible  because  of  rail  and  water  transportation. 

Market  for  Manvifactured  Products:  The  World;  as  the  power 
plant  is  at  the  gateway  to  an  inland  empire,  with  water  outlet 
to  the  Pacific.  With  public  docks  at  Portland,  and  the 
Panama  Canal  completed,  shipping  facilities  will  be  available 
for  industries  seeking  world  markets. 

Low  water  in  the  Columbia  River  invariably  occurs  during  the 
winter,  and  floods  during  the  summer.  These  floods  are  caused  by  the 
melting  of  snow  in  the  high  mountains  at  the  head  of  the  stream. 

Fig.  6  shows  the  total  power  available  in  the  Columbia  during 
an  average  year.  It  is  based  on  approximately  maximum  head  condi- 
tions, and  made  up  from  records  of  the  last  10  years,  with  an  assumed 
turbine  efficiency  of  80%,  a  generator  efficiency  of  93%,  and  on  the 
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assumption  that  sufficient  turliiiies  are  installed  to  use  all  the  water    Mr. 

.       1,      ,  Lewis 

at  aJl  stages. 

The  curve,  B^  B^  B„,  in  this  diagram  shows  the  power  which  could 
be  delivered  to  the  switch-board  by  twenty  hydraulic  units,  assuming 
the  generator  large  enough  to  transform  the  power  without  overheating. 

The  line,  DD,  is  the  normal  rated  generator  capacity,  400  000  kw., 
or  536  000  h.p.  The  lower  of  the  three  lines  at  any  point  is  the 
maxiiuuni  power  output  of  the  station.  Thus  it  will  be  seen  that  at 
low-water  periods  the  flow  of  the  river  limits  the  station  capacity 
{A^  0  and  R  A..)  ;  at  intermediate  discharge,  the  generator  capacity 
limits  (0  P  and  Q  R) ;  and  at  high-water  periods  the  turbine  capacity 
is  the  controlling  feature  (P  B^  Q).  The  resulting  minimum  capacity  is 
represented  by  the  shaded  line.  The  line,  CG,  is  the  adopted  minimum 
station  capacity  of  300  000  e.h.p.,  or  represents  the  line  of  perennial 
power,  sometimes  called  "primary  power,"  or  that  which  is  deliverable 
with  reasonable  certainty,  under  all  conditions. 
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POWER  DIAGRAM   FOR  AVERAGE    YEAR. 
Fig.   6. 

The  shaded  line,  at  nearly  all  places,  is  far  above  this  line,  CO, 
indicating  that  much  surplus  power  would  be  available  at  certain 
seasons  of  the  year  if  customers  could  be  found  whose  operations  could 
be  temporarily  suspended  during  floods  and  during  extreme  low  water. 

Thus  it  will  be  seen  that,  during  practically  all  of  February,  March, 
April,  August,  September,  October,  November,  and  December,  or  8 
months  of  the  average  year,  a  total  of  536  000  e.h.p,,  or  236  000  e.h.p. 
of  surplus  or  secondary  power,  could  have  been  delivered  to  the  switch- 
board without  any  additional  capital  investment. 

During  the  summer  irrigation  season  of  nearly  5  months,  as  much 
as  500  000  h.p.  in  addition  could  be  developed  at  an  initial  cost  of 
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about  $44  per  h.p.  and  furnished  at  abovit  $4.50  per  horse  power-season. 
This  power  could  be  transmitted  along  the  river  for  pumping  to  arid 
lands  in  both  Oregon  and  Washington.  It  is  this  power  that  the 
United  States  should  be  interested  in;  and  this  is  the  reason  that  the 
Reclamation  Service  should  co-operate  in  the  investigations.  (The 
writer  has  been  assisted  in  working  out  the  technical  details  of  this 
project  by  Messrs.  L.  F.  Harza  and  V.  H.  Heineking.) 

The  proposed  dam  will  flood  about  6i  miles  of  the  navigation  canal 
which  is  now  being  constructed  by  the  United  States  at  a  cost  of 
several  million  dollars.  The  lower  IJ  miles,  containing  three  locks, 
will  be  utilized  in  connection  with  the  proposed  power  project,  the  boats 
entering  the  stream  immediately  above  the  dam  and  proceeding  up  the 
wide  open  river.  At  low  stages,  10  ft.  of  water  will  be  found  above 
Celilo  Falls.  Owing  to  this  saving  in  construction  cost,  the  ease 
with  which  boats  can  go  up  the  wide  river,  in  place  of  the  long,  narrow, 
shallow  canal,  it  is  believed  the  United  States  should  not  only  co- 
operate in  the  investigation  of  the  project,  but  also  in  its  construction. 

When  this  navigation  canal  was  projected  there  was  no  prospective 
market  for  536  000  h.p.  To-day  it  is  believed  that  the  entire  quantity 
could  be  disposed  of  within  a  short  time  after  the  completion  of  the 
plant,  and  to  new  industries  not  now  located  in  the  Northwest.  The 
construction  of  this  project  would  mean  the  investment  of  perhaps 
$100  000  000  of  new  capital  in  this  district,  besides  affording  profitable 
employment  to  thousands  of  laborers,  and  add  greatly  to  the  taxable 
M^ealth  of  the  State. 

This  statement  relative  to  market  is  based  on  correspondence  with 
large  power  users  in  different  parts  of  the  world.  The  representative 
of  certain  foreign  capital  has  examined  all  power  possibilities  on  the 
Pacific  Coast,  including  this  one.  After  going  over  the  proposed  proj- 
ect, as  briefly  outlined  above,  he  agreed  to  recommend  to  his  company 
the  purchase  of  240  000  h.p.  at  $9  per  horse  power-year,  delivered  at 
the  low-tension  bus-bars  of  the  generating  station,  putting  up  a  $200  000 
surety  bond,  provided  the  State  would  contract  for  40  years,  the  power 
to  be  used  in  making  fertilizer  from  the  air. 

This  sale  alone,  amounting  to  $2  160  000  per  annum,  would  fully 
finance  the  entire  project  for  the  development  of  536  000  h.p.,  paying 
interest,  depreciation,  operating  and  maintenance  expenses,  carefully 
estimated  at  $2  068  000.  It  is  probably  true  that  some  of  the  remain- 
ing power  could  be  disposed  of  at  from  $30  to  $50  per  horse  power-year 
to  the  railway  lines  in  this  vicinity,  but  only  a  very  limited  market 
could  be  found  at  such  figures.  This  one  plant  could  supply  a  city 
thirteen  times  the  size  of  Portland  to-day,  or  one  of  nearly  3  000  000 
inhabitants.  Forty  years  hence  the  population  of  Portland  may  reach 
this  figure. 
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Necessity  for  Co-operatiox.  Mr. 

Lewis. 

One-halt'  the  bed  of  the  stream,  and  of  the  water,  is  subject  to  the 
control  of  either  State,  and  the  United  States  controls  all  matters 
relating  to  navigation. 

Private  capital  would  have  extreme  difficulty  in  negotiating  with 
these  three  agencies,  ajid  would  run  considerable  risk  through  subse- 
quent legislation  detrimental  to  their  interests. 

The  Oregon  Legislature  recently  carhe  within  a  few  votes  of  im- 
posing a  heavy  annual  license  tax  for  regulation  purposes  on  all  vested 
water-power  companies,  and  the  Washington  Legislature  has  now  under 
consideration  a  bill  i)roviding  for  the  forfeiture  of  water  rights  in  that 
State  if  electricity  from  a  plant  now  under  construction  is  transmitted 
across  the  river  for  sale  in  Oregon. 

Oregon  now  limits  franchises  to  the  use  of  water  for  power  pur- 
poses to  40  years,  and  imposes  an  annual  tax  of  from  25  cents  to  $2 
Iier  horse  power-year,  dejx'nding  on  the  percentage  of  power  appropri- 
ated which  is  put  to  beneficial  use.  Partly  for  this  reason,  power  plants 
prefer  to  locate  just  over  the  line  in  Washington.  The  United  States 
would  probably  insist  on  some  different  franchise  limitation,  and  the 
payment  of  heavy  charges  to  the  Federal  treasury  for  revenue  or  for 
the  improvement  of  the  stream.  The  State  charges  alone,  or  the 
annual  payments  to  the  Federal  treasury,  would  defeat  this  project,  as 
there  is  even  yet  no  market  for  this  power  except  at  extremely  low 
prices. 

The  limit  for  fertilizer  works  is,  perhaps,  $9  or  $10;  for  iron  and 
steel  works,  $7;  for  aluminum,  alkali,  carborimdum,  and  carbide  works, 
$10;  and  cost  or  less  for  heating  purposes.  Much  power  could  be  used 
in  heating  retorts  for  the  distillation  of  waste  wood  products,  in  each 
cord  of  which,  as  stated  on  reliable  authority,  there  is  $18.40  in  value, 
as  follows: 

4  gal.  of  turpentine,  at,  say,  30  cents $1.20 

85  lb.  of  calcium  acetate,  at  12  cents 1.70 

2  gal.  of  alcohol,  at  50  cents 1.00 

40  gal.  of  tar 8.50 

1  000  lb.  of  charcoal 6.00 


$18.40 

The  utilization  of  this  waste  wood  would  thus  greatly  stimulate  the 
development  of  our  already  extensive  lumber  business,  and  the  making 
of  pig  iron  in  the  electric  furnace  would  afford  a  market  for  the  char- 
coal thus  produced. 

Pig  iron  is  now  being  produced  successfully  at  Heroult,  Shasta 
County,  Cal.,  where  a  plant  has  been  in  operation  for  the  past  six 
years.     It  is  stated  on  good  authority  that  the  experimental  stage  of 
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Mr.    this  industry  is  definitely  past,  and  the  recent  enlargement  of  the  plant 

^^'^'  appears  to  confirm  this  fact. 

Electrical  metallurgists,  such  as  Heroult,  are  now  very  confident 
that,  when  the  new  method  is  installed  on  a  large  scale,  it  will  be 
feasible  to  attain  a  yield  of  12  kg.  of  pig  iron  per  horse  power-day. 
Under  such  conditions,  current  at  $9  per  horse  power-year  could  com- 
pete with  $4  coke. 

At  such  rates  there  could  be  but  little  if  any  profit  for  private  capi- 
tal in  the  electrical  end  of  the  business,  and  few  enterprises  which 
have  but  recently  passed  the  experimental  stage  can  afford  to  risk 
$23  000  000  in  a  power  plant  in  order  to  get  a  small  block  of  cheap 
power.  The  present  retail  power  rates  in  this  vicinity  vary  from  $74 
to  $460  per  horse  power-year,  and  thousands  of  horse  power  in  the  State 
can  be  developed  and  delivered  to  consumers  in  reasonable  quantities 
at  perhaps  $15  to  $25  per  horse  power-year.  With  the  opening  of  the 
Panama  Canal,  it  is  believed  that  the  development  and  sale  of  power 
by  the  public  at  little,  if  any,  profit  will  do  far  more  to  stimulate 
industry  and  promote  the  peace  and  general  prosperity  and  welfare  of 
the  people  in  the  Western  States  than  can  ever  be  accomplished 
through  irrigation,  and  that,  without  such  public  development  and 
distribution  of  power,  this  development  will  be  forever  denied  to  this 
section  of  the  United  States. 

For  the  same  reason,  therefore,  that  the  United  States  was  com- 
pelled to  go  into  the  irrigation  business  in  order  to  dispose  of  its  arid 
lands,  and  for  the  same  reason  that  the  State  is  now  planning  to  co- 
operate with  the  United  States  in  the  irrigation  and  colonization  of 
both  public  and  private  lands,  so  the  State  and  Nation  must  go  into 
the  power  business  if  its  untold  wealth  of  water-power  resources  is 
ever  to  be  put  to  use.  In  Oregon,  more  than  3  000  000  h.p.  is  going  to 
waste  in  the  streams,  to  produce  which  in  steam  engines  would  con- 
sume $144  000  000  worth  of  coal  annually.  This  economic  waste  is 
enormous.  Why  should  Oregon  impose  heavy  taxes  on  power  develop- 
ment and  the  companies  pass  this  on  to  the  people,  thus  maintaining 
power  prices  the  same  as  in  coal-producing  regions,  when,  by  basing 
the  price  on  cost  of  construction,  power  could  be  sold  at  such  low 
rates  as  to  give  the  western  section  a  tremendous  advantage  over  the 
eastern  section  which  has  enjoyed  for  years  an  unfair  economic  ad- 
vantage over  the  Northwest  in  having  cheap  coal? 

The  capital  now  invested  in  the  exploitation  of  the  natural  fertilizer 
deposits  in  Chili  is  $136  000  000.  It  would  require  a  capital  invest- 
ment of  $860  000  000  to  assure  the  production  of  an  equal  quantity  of 
artificial  fertilizer  from  the  air  by  means  of  the  electric  furnace,  assum- 
ing that  cheap   power  were   available.*     It   is   proposed   that   Oregon 

*  Special  Agents  Series  No.  52,  p.  76,  U.  S.  Dept.  of  Commerce  and  Labor. 
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adjust  her  laws  so  as  to  compete  with  the  world  in  attraotiiifir  these  new    Mr. 
industries.  L''"''^' 

It  makes  little  difference  whether  the  State  or  the  Nation  backs  the 
bonds  for  irrigation  works,  as  long  as  such  works  are  built  speedily 
and  economically,  and  the  lands  are  colonized  so  that  the  money  is 
returned  with  interest.  Likewise,  it  makes  little  difference  who  owns 
the  land  or  the  water  at  feasible  power  sites,  so  long  as  these  sites  are 
developed  economically  nml  the  power  put  to  use.  Co-operation  for 
the  speedy  construct imi  of  these  projects  should  be  the  aim  of  all, 
leaving  the  control  to  the  State  or  the  Xation  in  proportion  to  the 
funds  advanced.  It  is  a  w^aste  of  time  to  talk  about  State  or  National 
control  at  this  stage.    These  matters  will  all  be  adjusted  later. 


TERRITORY  AFFECTED  BY  COLUMBK  AND  MISSISSIPPI 
POWER  PROJECTS, 


RIVER 


y  MONT.      ;  ^■'^^'<- 


~"!    S.DAK 


COL. 


N.MEX.    ,' 


I jto-iKookuk  l„,i;„,.„|'„.is    '     B""";!'  V   r'     \^r> 

TEXAS 


Fig.  7. 

Advantages  ix  Co-operatiox. 

There  are  many  advantages  in  co-operation.  From  Fig.  6  it  will 
be  noticed  that  approximately  2  000  000  h.p.  can  be  developed  in  the 
Columbia  near  The  Dalles,  during  June  of  each  year.  Wl-en  the 
Columbia  River  is  at  low  stage,  almost  all  the  other  rivers  in  the 
Northwest  are  at  high  stage.  Power  from  this  plant  could  be  trans- 
mitted, from  300  to  400  miles,  at  prevailing  commercial  rates,  if  no 
other  cheap  power  were  available.  From  Fig.  7  it  will  be  observed 
that  the  entire  Northwest  falls  within  a  radius  of  300  miles  from  The 
Dalles.  The  demand  for  power  in  this  territory  varies  from  hour  to 
hour,  and  from  season  to  season,  with  as  great  fluctuation  as  stream 


464  DISCUSSION  ON  STATE  AND  NATIONAL   WATER  LAWS      [Papers. 

Mr.  flow.  By  having  all  plants  in  this  section  tied  into  one  system,  sup- 
■  plying  all  consumers,  a  tremendous  economic  advantage  will  result. 
No  individual  State  can  ever  accomplish  such  a  comprehensive  scheme, 
nor  could  the  United  States  acting  alone.  Any  independent  action, 
by  either  State  or  Nation,  will  result  in  endless  complications,  such  as 
are  already  beginning  to  be  felt  in  the  Northwest  through  the  divergent 
laws  and  interests  of  different  States. 

Private  capital  is  aware  of  the  economies  attained  by  consolidation, 
but  the  people  favoring  public  owership  and  control  are  many  years 
behind  the  times.  Each  town  is  attempting  to  supply  its  own  citizens 
for  special  uses.  As  a  result,  from  two  to  four  times  the  necessary 
machine  capacity  must  be  installed  to  carry  peak  loads,  and  the  plant 
is  practically  idle  for  a  large  part  of  the  time  each  day.  The  cities, 
perhaps,  can  take  care  of  local  distribution,  but  the  States  and  the 
Nation  should  take  care  of  the  generation  and  transmission  of  power. 

The  information  on  Fig.  7,  relative  to  the  Mississippi  plant  at 
Keokuk,  was  furnished  by  the  Keokuk  Industrial  Association,  and  is 
intended  to  show  the  very  great  territory  affected  by  cheap  power. 
According  to  this  authority  the  200  000  h.p.  to  be  developed  at  the 
Keokuk  plant  will  cost  $125  per  h.p.,  in  comparison  with  $Y7  estimated 
for  the  Columbia  Eiver  plant.  The  difference  in  cost  prices  at  which 
power  could  be  sold  from  these  plants  will,  for  some  products,  more 
than  equal  the  freight  rate  from  Portland  to  Chicago. 

In  the  Eastern  States,  where  water  power  is  somewhat  limited, 
and  where  all  the  people  cannot  enjoy  equal  advantages  from  the 
distribution  of  power  at  low  prices,  it  may  be  found  to  be  better  policy 
to  impose  annual  charges  on  water-power  companies,  so  as  to  offset 
the  special  privilege  enjoyed  by  such  companies  in  competition  with 
power  produced  from  coal,  the  revenue  thus  secured  going  to  reduce 
the  general  burden  of  taxation.  On  thorough  consideration,  the  water 
powers  in  all  sections  of  the  United  States  may  be  found  to  be  ample, 
so  that  the  same  policy  could  be  adopted  for  the  Nation  as  a  whole, 
using  Government  coal  burned  at  the  mine  to  supply  cheap  power  to 
those  sections  unfavorably  located  with  respect  to  cheap  water  power. 

The  present  era  of  unregulated  competition  must  come  to  an  end 
in  the  near  future.  In  its  place  we  will  have  a  National  water-power 
trust,  in  either  private  or  public  control.  A  water-power  expert  who  is 
familiar  with  hydro-electric  power  conditions  throughout  the  world 
recently  exijressed  surprise  at  the  extensive  development  of  water 
power  in  California  and  the  very  limited  market.  The  writer  has  what 
is  believed  to  be  reliable  information  to  the  effect  that  a  200  000-h.p. 
plant  is  now  under  construction  within  200  miles  of  San  Francisco 
which  expects  eventually  to  deliver  power  in  that  city  at  $10  per 
horsepower-year,  or  $8  less  than  can  be  supplied  by  its  nearest  com- 
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petitor.  The  result  is  inevitable.  The  water-power  trust  must  pur-  Mr. 
chase  this  plant,  sooner  or  later,  thus  adding  additional  equipment 
which  is  not  needed  at  the  present  time,  and  the  people  will  have  to  pay 
dividends  on  such  ''hold-up"  prices.  Owing  to  such  extravagance, 
wliiih  is  forced  on  the  company  in  control,  power  rates  cannot  be 
greatly  reduced  to  stimulate  sales,  and  the  new  industries  requiring 
large  quantities  of  cheap  power  cannot  secure  a  foothold  in  such 
State. 

Mr.  Cory  has  luid  wide  experience  in  railway  work.  lie  admits  the 
successful  handling  of  reclamation  work  by  the  U.  S.  Reclamation 
Service,  saying  that  the  "Reclamation  Service  gets  more  actual  work 
done  for  a  dolhir  than  tlie  Ilarriman  Lines  do,"  in  certain  cases  com- 
ing under  his  observation.     He  says: 

"Such  a  result  is  due  to  the  fact  that  National,  politics  has  been 
eliminated  from  the  Service,  but  still  affects  the  Ilarriman  Lines 
somewhat ;  that  the  Director  of  the  Service  has  more  authority  and 
freedom  in  using  his  individual  judgment  than  even  Mr.  Lovett  of  the 
railroads  has,  let  alone  the  local  pi-esidents ;  that  the  head  officials, 
and  consequently  the  general  ideas  of  management  of  these  railroads, 
have  Ix^en  changed,  and  the  Director  of  the  Service  has  not ;  that  there 
is  much  less  internal  politics  in  the  Service;  and  the  Service  organiza- 
tion and  work,  as  yet  at  least,  has  not  brought  about  the  sharply  drawn 
lines  of  cleavage  between  various  departments  and  the  leveling  routine 
of  'common  standard'  methods,  channels  of  communication,  limita- 
tions, perogatives,  etc.,  of  the  railroad." 

The  writer  has  had  several  years'  experience  on  engineering  work 
for  the  Ilarriman  system,  has  served  in  the  TJ.  S.  Reclamation  Service 
for  about  the  same  length  of  time,  and  for  the  past  eight  years  has 
had  charge  of  water  right  and  irrigation  matters  for  the  State  of 
Oregon.  He  is  thoroughly  conversant  with  the  value  of  system,  and 
of  thoroughness  in  the  perfecting  of  a  large  organization  for  a  com- 
plicated technical  work.  lie  is  also  aw^are  of  the  instability  of  the 
average  legislature,  and  its  lack  of  respect  for  stability  and  permanence 
in  organization.  Often  the  person  seeking  a  job  has  more  influence 
with  the  State  Legislature,  through  influential  members,  than  a  re- 
sponsible State  officer  elected  by  the  people  and  under  bond  to  perform 
his  duty.  There  is  no  opportunity  in  State  work  for  a  young  person 
to  enter  the  service  as  a  life  occupation.  Merit  is  not,  and  cannot 
be,  rewarded  under  such  an  unstable  system  with  frequent  changes. 
Where  work  is  intrusted  to  a  board,  and  new  officers  are  elected  every 
few  years,  a  conscientious  officer  is  likely  to  see  years  of  patient  work 
along  some  definite  policy  destroyed  by  the  adoption  of  some  new  and 
antagonistic  course  of  action  which  the  inexperienced  majority  hon- 
estly believ^e  to  be  the  best,  at  least  the  best  for  i^ersonal  political 
reasons.     Salaries  are  never  equitably  adjusted. 
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State  Work. 

With  this  experience  in  private  and  pviblic  work,  the  writer  had 
come  to  the  same  conclusion  as  Mr.  Cory  with  respect  to  the  success 
of  Government  irrigation.  The  criticisms  offered  by  the  general  public 
are  usually  of  a  minor  nature,  and  little  is  ever  heard  of  real  engineer- 
ing mistakes.  The  present  difficulty  of  the  Service  in  colonizing  its 
lands  can  easily  be  overcome  through  co-operation  on  the  part  of  the 
States  which  are  most  vitally  interested.  This  is  the  weakest  part  of 
the  Reclamation  Act. 

Believing"  that  it  is  preferable  to  expand  an  existing  organization 
which  has  already  made  a  success  of  its  work,  than  to  create  a  new  and 
independent  organization  to  work  in  a  complicated  field  without  har- 
monious relations  with  the  larger  organization,  the  writer  is  now 
urging  co-operation  between  the  State  and  Nation  in  the  construction 
of  both  irrigation  and  power  projects. 

By  having  a  local  man  representing  each  State,  in  active  co- 
operation with  the  Federal  Bureau,  many  of  the  objections  now  urged 
against  the  Washington  Department  will  soon  be  overcome.  It  will  be 
far  easier  to  overcome  these  minor  objections  in  administration  than 
to  create  a  new  bureau.  Stability  of  organization,  and  the  following 
out  of  a  fixed  policy  through  many  years  until  the  funds  advanced 
are  actually  returned  with  interest  is  essential  to  development  on  a 
large  scale.  If  the  States  put  up  one-half  the  money  for  such  work, 
closer  scrutiny  of  all  expenditures  will  be  had,  and  funds  will  not  be 
invested  in  particular  projects  for  political  reasons  only. 

It  would  thus  appear  from  the  very  close  relation  between  irrigation 
and  water  power,  from  the  very  wide  range  over  which  electric  power 
can  be  transmitted,  and  from  the  innumerable  legal  and  practical  com- 
plications, that  it  is  extremely  unlikely  that  the  United  States  will  ever 
turn  over  to  the  individual  States  her  undeveloped  water  powers;  also, 
it  is  believed  that  such  action  would  lead  to  far  more  confusion  than 
the  policy  of  co-operation  for  the  immediate  development  of  both 
power  and  irrigation  possibilities  without  regard  to  State  lines. 

Conclusion. 

In  closing  this  discussion  on  the  question  of  State  and  National 
water  laws,  the  writer  wishes  to  urge  on  all  engineers  the  importance 
of  studying  the  question  from  the  standpoint  of  what  the  laws  ought 
to  be,  to  stimulate  investments  in  works  for  the  utilization  of  water. 
The  lawyer  is  paid  to  protect  private  rights,  and  to  ascertain  what  the 
law  is.  His  experience  and  training  totally  unfit  him  for  the  important 
duty  of  framing  constructive  water  legislation.  Engineers,  perhaps, 
are  more  responsible  for  the  present  chaotic  condition  of  water  laws- 
than  the  members  of  any  other  profession. 
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The  present  law  is  very  unsatisfactory,  from  the  standpoint  of  the  Mr. 
investor.  There  must  be  some  Governmental  agency  to  which  he  can 
go  to  ascertain  what  the  law  is,  how  much  water  in  any  stream  is 
already  vested,  the  extent  of  surplus  water  belonging  to  the  public, 
and  what  procedure  must  be  followed  in  establishing  a  definite  right 
to  such  surplus.  He  must  also  have  assurance  that  when  his  money  is 
invested,  the  State  or  the  Nation  will  protect  him  in  his  right,  and 
not  leave  him  to  wage  an  unequal  figlit  in  the  Courts,  with  perhaps  a 
great  commonwealth  of  the  TTnion  or  with  one  of  the  National  bureaus 
interested  in  the  stream. 

If  it  is  proper  at  this  time,  and  it  is  within  the  province  and  scope 
of  the  work  of  the  Society,  the  writer  would  like  to  suggest  that,  as  soon 
as  convenient,  the  President  of  the  American  Society  of  Civil  Engineers 
be  authorized  and  directed  to  appoint  a  commission  of  engineers  to 
draft  a  law  dealing  with  interstate  and  National  problems  relating  to 
water,  and  to  publish  such  draft  as  soon  as  possible  for  comment  and 
criticism.  At  the  close  of  such  discussion,  perhaps  the  same  c<)mmis- 
sion  should  be  called  on  to  reconsider  such  proposed  law  in  the  light 
of  any  criticisms  offered,  and  present  the  same  at  some  appropriate 
time  for  adoption  by  the  Society,  Such  bill  could  then  be  forwarded  to 
Congress  and  might  serve  as  the  foundation  for  needed  constructive 
water  legislation. 

A  programme  of  this  nature  would  greatly  stimulate  research  and 
study  along  this  line,  promote  discussion,  and  serve  to  educate  the 
public  as  to  the  necessity  for  reform  in  both  State  and  National 
water  laws. 
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THE  ECOXOMIC  ASPECT  OF  SEEPAGE 
AND    OTHER    LOSSES    IN    IRRIGATION    SYSTEMS. 

Discussion.* 


By  E.  G.  Hopsox,  :\[.  Am.  Soc.  C.  E.f 


E.  G.  HoPSON,  M.  Am.  Soc.  C.  E.  (by  letter)- — In  closing  the  dis-  Mr. 
cussion  on  this  paper,  the  writer  notes  that  some  who  have  taken  part  ^^P^o"- 
therein  have  expressed  the  opinion  that  in  certain  localities,  with 
which  they  are  familiar,  conditions  would  not  warrant  the  cost  of  pro- 
tecting ditch  s.ystems  against  seepage  losses  by  lining.  In  the  paper 
the  writer  has  only  attempted  to  indicate  that,  under  certain  conditions, 
such  lining  is  warranted,  and  that  the  conditions  requiring  lining 
are  tending  to  increase  each  year,  judging  the  matter  entirely  from 
the  economic  standpoint. 

In  malting  this  statement  it  is  well  understood  that,  with  low- 
priced  crops,  reasonably  tight  soils  and  subsoils,  and  an  abundant 
water  supply,  the  extra  expense  of  placing  concrete  in  the  canals  is 
unwarranted.  A  few  years  ago  such  action  would  have  been  con- 
sidered unwarranted  in  almost  every  case.  The  writer  ha.s  endeavored 
to  illustrate  the  changes  in  opinion  that  are  being  forced  by  more 
straitened  conditions  in  water  supply,  as  irrigation  development  pro- 
ceeds and  the  available  lands  are  being  more  fully  utilized,  giving  as 
an  example  an  important  project,  the  feasibility  of  which  has  mainly 
depended  on  the  economic  use  of  the  water  supply,  only  possible  by 
the  avoidance  of  waste  by  seepage  in  the  beds  of  the  canals. 

In  placing  concrete  lining  in  irrigation  laterals,  attention  is  called 
to  the  necessity  of  making  careful  selection  of  the  ingredients  of  the 
concrete.  The  writer  has  had  experience  in  ditch  lining  which  has  not 
fulfilled  the  purpose  of  minimizing  seepage,  mainly  due  to  the  use  of 

*  Continued  from  January.  1913.  Proceedings. 
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Mr.  coarse  aggregates  in  the  concrete  itself.  Coarse  aggregates  give  a 
Hopson.  (.Q,)(^.i.gte  which,  possibly,  is  entirely  satisfactory,  from  the  standpoint  of 
strength  and  durability,  but  relatively  porous.  In  selecting  the  aggre- 
gates, it  is  believed  to  be  very  important  to  obtain  well-graded  mixtures 
containing  sufficient  fine  material  to  furnish  a  dense  water-tight  con- 
crete, using  the  term  "water-tight"  in  the  relative  sense.  A  little  care 
in  making  the  selection  and  grading  can  generally  be  expected  to  give 
good  results. 
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By  Messrs.  P.  J.  Reich  and  E.  R.  LEFFLER.f 


P.  J.  Ekich.  :\[.  Am.  Soc.  C.  E.  (by  letter).— Mr.  Leffler's  "Specifica-  Mr. 
tions  for  Bridges  Movable  in  a  Vertical  Plane"  are  quite  complete.  ^^'^^ 
In  the  following  the  writer  suggests  a  few  insertions  which  would 
eliminate  possible  misunderstandings;  questions  the  advisability  of  a 
number  of  unusual  limitations;  and  brings  up  one  general  question — 
the  greatest  power  to  be  assumed  as  being  exerted  by  the  motors,  in 
the  calculations  of  the  machinery  to  hold  it,  a  point  on  which  there 
seems  to  be  no  uniformity. 

Maxxer  of  Bidding. 

The  classification  of  the  materials  in  detail  for  payment  is  very 
good,  and  is  to  be  recommended  in  preference  to  the  more  general 
classifications  that  are  fi*equently  used.  It  would  be  advisable  in 
Paragraph  3  to  exclude  from  the  machinery — in  addition  to  the  elec- 
tric motors — all  gas  and  steam  engines,  together  with  their  equipments. 
These  are  usually  purchased  by  the  bridge  contractor^  ready  for  opera- 
tion. As  the  weights  are  not  ordinarily  at  hand  for  estimating,  it 
would  be  preferable  and  more  convenient  to  place  a  lump-sum  price 
on  each,  with  its  equipment. 

Paragraphs  6  and  7. — It  would  generally  be  preferable  to  omit 
''sockets"  from  Paragraph  7,  and  include  them  in  Paragraph  6,  with 
wire  ropes,  as  they  are  furnished  and  attached  to  the  rope  by  the  wire 
rope  sub-contractor. 

Paragraph  8. — It  is  probably  the  intention  of  Paragraph  8,  taken  in 
connection  with  Paragraph  3,  that  attached  machined  parts,  such  as 
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cast-steel  sleeves,  bronze  bushings,  etc.,  for  movable  joints  in  links 
and  similar  members,  be  weighed  separately  and  classified  as  ma- 
chinery. A  note  added  to  this  paragraph  would  prevent  any  mis- 
understandings. 

Similarly,  in  Paragraph  10,  it  is  advisable  to  add  that  "tread- 
plates"  are  to  be  included  with  the  segmental  and  horizontal  girders. 

Several  minor  items  not  mentioned  for  payment  are:  Operator's 
house  with  its  fixtures,  machinery  housings,  and  lumber,  each  of  which 
should  be  paid  for  at  separate  lump-sum  prices.  (Structural  steel  in 
operator's  house,  or  machinery  housings  should  be  classed  with  struc- 
tural steel.) 

Gas-pipe  railings,  which  are  usually  expensive,  should  be  paid  for 
at  a  separate  price  per  pound,  the  size  of  railing  being  specified. 

Operating  Machinery. 

Paragraph  36. — "Trunnions,  pins,  and  shafting  more  than  3A  in.  in 
diameter  shall  be  of  forged  structural  steel."  It  is  questionable  whether 
enough  good  comes  from  this  low  limitation  to  warrant  the  additional 
expense  and  delays  incident  to  getting  them.  The  writer  has  used 
the  rolled  rounds  up  to  5  and  5^  in.  with  entire  satisfaction. 

Paragraph  39. — In  limiting  pinions  to  forged  steel,  it  would  be 
necessary  to  make  exceptions  for  those  of  unusual  size,  allowing  them 
to  be  cast.  Exceptions  should  also  be  made  to  the  cutting;  and  cast 
teeth  should  be  required  when  the  pinions  mesh  with  cast  teeth,  as 
would  be  the  case  where  pinions  mesh  with  the  racks. 

Paragraph  Jf8. — "Nuts  shall  be  secured  by  split  pins  put  through  the 
bolt."  This  may  be  interpreted  in  two  ways :  As  a  general  note  for 
all  bolts;  or  only  for  those  where  nuts  are  apt  to  work  off.  To  make  it  a 
general  requirement  would  be  an  unnecessary  expense,  and  it  is  sug- 
gested that  they  be  used  in  special  cases  only  where  requested  by  the 
engineer. 

Paragraphs  55  to  59. — Proportions,  etc.,  of  Keys. — As  many  of  the 
bridge  companies  have  standards  for  keys,  to  which  they  are  accus- 
tomed, and  which  approximate  very  closely  those  outlined,  it  would  be 
preferable  to  make  the  specifications  a  little  more  flexible,  permitting 
their  use  when  acceptable  to  the  engineer.  This  should  not  be  objection- 
able, as  the  theoretical  requirements  are  taken  care  of  under  Para- 
graph 56.  Gib  heads  on  keys  are  not  always  reliable,  as  they  fre- 
quently break  off.  Further,  gib-head  keys  are  not  as  simple  to  make 
and  fit  as  those  without.  Much  better  results  would  be  obtained 
by  requiring  keys  to  be  placed  so  that  they  can  be  backed  out,  using 
the  gib-head  keys  only  where  this  ca.nnot  be  done. 

Paragraph  62. — "Keys  shall  be  held  in  place  by  set-screws."  This 
seems  to  be  an  unnecessary  general  requirement,  in  view  of  the  fact 
that  the  machinery  ought  to  be  in  charge  of  a  competent  man  who 
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should  go  over   it  frc(iucntly  enough  to  detect   any  key  which  might    >ir- 
be  working  out.     It  is  doubtful  if  a  key  that  would  work  loose  would 
be  held  long  by  a  set-screw.    Where  keys  might  readily  drop  out.  should 
they  become  loose,  as  in  the  case  of  a  vertical  shaft,  effective  means 
should  be  used  for  holding  them. 

Paragraph  68. — This  paragraph  limits  the  use  of  Babbitt  metal  to 
shafts  3  in.  or  less  in  diameter.  When  the  working  pressures  do  not 
exceed  500  lb.  per  sq.  in.,  Babbitted  bearings  are  entirely  satisfactory 
for  the  larger  ones,  are  easy  running,  economical,  and  simple  to 
replace. 

Paragraph  77. — "Dust  covers  shall  be  provided  for  principal  bear- 
ings, in  particular  for  trunnions"  (where  shown  on  general  plans). 
It  is  very-  desirable,  from  a  contractor's  point  of  view,  to  have 
these  at  least  indicated  where  required,  and  it  is  suggested  to  modify 
this  paragraph  by  adding  the  words:  "Where  shown  on  general  plans." 
This  is  also  referred  to  when  discussing  Paragraph  03a. 

Paragraph  86. — Taking  care  of  the  effect  of  key-ways,  could  also  be 
excepted  for  overhanging  shafts,  in  which  case  the  maximum  moment 
is  at  the  center  of  the  bearing  where  no  key-ways  are  cut. 

Paragraph  88. — This  paragraph  limits  gear  teeth  to  20°  involute. 
The  differences  and  relative  advantages  of  the  15  and  20°  involute 
teeth  over  one  another  are  not  sufficient  to  exclude  one  or  the  other. 
In  the  past,  the  15°  involute  was  the  more  commonly  used,  and  hence 
more  bridge  shops  arc  equipped  to  cut  them.  A  change  means  a  large 
expense,  which  is  out  of  proportion  to  the  advantages  gained. 

Paragraph  92. — This  paragraph  limits  the  angle  of  thread  of  worm 
gearing  to  20°  as  a  minimum.  As  far  as  wear  and  efficiency  are  con- 
cerned, an  angle  of  thread  of  from  13  to  15°  gives  very  satisfactory 
results,  and  ought  to  be  permitted.  The  use  to  which  the  worm  gearing 
is  put  also  governs,  to  some  extent.  If  the  span  were  coasting,  a  wheel 
in  the  main  train  of  gearing  would  of  necessity  turn  the  worm.  The 
writer  has  no  data  as  to  just  what  this  angle  would  be. 

Paragraph  92a. — The  writer  has  frequently  used  24-toothed  worm 
wheels,  and  knows  of  some  21-toothed  wheels  in  service,  working  satis- 
factorily.   It  would  seem  that  28  as  a  minimum  might  be  high. 

Paragraph  9Sa. — The  contractor  should  be  asked  to  furnish  only 
such  safety  guards  as  are  shown  on  the  general  plans.  To  include 
all,  from  a  general  clause  such  as  this,  may  mean  much  or  little, 
depending  on  the  engineer  in  charge.  The  addition  of  these,  or  changes 
in  their  location  after  the  detailed  plans  are  completed,  almost  in- 
variably costs  the  contractor  more,  in  his  drafting  department,  than 
it  would  to  take  care  of  it  entirely  at  the  bridge  site  after  the  erec- 
tion of  the  work.  It  would  be  far  more  satisfactory  to  the  contractor 
if  the  safety  guards  referred  to  in  Paragraph  93a,  the  dust  covers 
in  Paragraph  77,  and  railings  in  general  which  are  not  shown  on  the 
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Mr.    plans,    were   taken   care   of   entirely   by   the   purchaser.      In   the   end, 
■  it  would  be  the  more  economical  to  the  purchaser,  would  ordinarily 
avoid  delays,  by  removing  uncertainties,  and  they  would  unquestionably 
be  more  suitably  placed. 

Workmanship. 

Paragraph  121.- — Although  it  is  not  definitely  permitted,  the  writer 
would  infer  from  this  paragraph  that  racks  with  their  pinions  are 
to  have  cast  teeth. 

Motors. 

Paragraph  156. — ''*  *  ^'  the  motor  shall  be  of  ample  capacity 
to  move  or  turn  the  bridge  at  the  required  speed.  All  machinery  parts 
shall  be  designed  with  sufficient  strength  to  resist  the  greatest  pressure 
which  can  be  exerted  by  the  motor."  It  is  very  desirable  that  a  method 
of  obtaining  the  horse-power  of  the  motors  from  the  torque  curves  of 
Paragraph  31,  be  fi^ed  by  the  specifications;  and,  further,  if  any 
additional  allowance  of  power  is  to  be  made  for  a  margin  of  safety, 
it  should  be  stated.  The  fixing  of  this  is  essential  to  another  important 
requirement :  The  designing  of  the  machinery  to  enable  it  to  resist 
the  greatest  pressure  which  can  be  exerted  by  the  motor. 

The  assumptions  to  be  made  for  calculations  to  take  care  of  hold- 
ing the  motor  are  many,  and  it  would  be  advisable  to  have  it  fixed  by 
the  specifications.  It  is  very  desirable  to  have  it  definitely  fixed  how 
the  over-loads  which  the  motors  must  stand  should  be  taken  care  of  in 
the  machinery,  giving  permissible  increases  in  the  unit  stresses,  etc. 
These  over-loads  for  which  the  motors  are  good  are  large,  as  given  in 
Paragraph  173. 

The  design  of  the  machinery  is  largely  dependent  on  the  assump- 
tions made  for  these  two  items,  they  being  somewhat  dependent  on 
each  other.  It  is  very  desirable,  therefore,  that  they  be  given  explicitly 
in  the  specifications. 

A  common  method  of  taking  care  of  the  two  items  is  to  make 
the  horse-power  of  the  motors  svifficiently  large,  using  the  maximum 
torque,  as  given  by  Paragraph  31,  and  the  maximum  speed  as  a  basis 
for  getting  the  horse-power.  All  machinery  is  proportioned  for  the 
normal  torque  of  the  motor,  and,  as  low  unit  stresses  are  used  for 
the  machinery,  there  is  no  doubt  that  the  machinery  will  hold  the 
motor.  There  may  be  times,  if  electrically  operated,  that  the  higher 
starting  torque  may  increase  the  unit  stresses  used,  but  this  can  be 
regulated  by  having  the  automatic  circuit  breaker  arranged  so  that  the 
time  for  opening  or  closing  will  approximate  the  calculated  time. 

More  accurate  methods  may  be  devised,  depending  on  the  actual 
torque  curves  of  the  motors,  but  this  is  objectionable,  as  the  motors 
are  usually  the  last  thing  ordered  and  wanted;  and,  further,  it  would 
delay  the  progress  of  the  design  too  much  to  get  these  at  the  start. 
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Paragraphfi  166  to  168. — The  last  sentence  of  each  of  these  para-  Mr. 
graplis  ro(iuires  tlie  contractor  to  furnish  a  work-bonch  witli  a  full  set 
of  niachiiiist's  tools,  etc.  It  would  he  preferable  to  have  these  fur- 
nished by  the  purchaser,  as  the  exact  needs  could  then  be  taken  care  of, 
this  being:  dependent,  to  some  extent,  on  the  operator  and  the  proximity 
of  a  good  machine  shop.  It  is  objectionable  to  the  contractor  to  fur- 
nish these,  as  the  final  cost  is  an  uncertainty,  because  of  uncertain 
requiromonts;  further,  when  they  are  furnished  with  the  bridge,  they 
are  usually  carried  away  by  some  one  before  bridge  is  taken  over. 

Parar/raphs  197  and  216.— Auy  special  requirements  by  city  codes 
for  the  electric  installation,  if  the  bridge  is  subject  to  city  authority, 
or  any  Government  or  other  harbor  special  requirement  for  channel 
lights  and  signals,  should  preferably  be  furnished  by  the  purchaser  at 
the  time  of  asking  bids.  The  purchaser  is  usually  in  a  better  position 
to  get  this  information,  and  it  means  a  saving  of  considerable  trouble 
to  each  of  the  bidders. 

Paragraphs  160  to  220. — It  would  be  very  desirable,  from  a  con- 
tractor's point  of  view,  if  Paragraphs  160  to  220,  covering  power  and 
operator's  house  equipment,  were  divided  into  three  distinct  and  sepa- 
rate clauses:  One  for  steam-engine  equipment,  one  for  internal-com- 
bustion motor  e(]uipment,  and  one  for  electrical  equipment.  The 
specifications  are  nearly  in  this  order  at  present.  The  separation  is 
desired  for  simplicity  and  to  make  it  unnecessary  to  pick  out  the  parts 
that  might  be  interpreted  as  being  required. 

These  specifications  cover  a  first-class  bridge  which  would  be  used 
on  a  main  line  of  a  railroad  over  a  stream  where  navigation  requires 
frequent  opening.  A  supplement  might  profitably  be  added,  waiving 
certain  restrictions  in  the  design  and  workmanship  of  the  ma- 
chinery and  equipment,  for  economical  purposes,  for  bridges  not  on  a 
main  line,  or  for  those  which  are  not  opened  frequently. 

In  conclusion,  the  writer  would  add  that  one  essential  feature  to  the 
success  of  movable  bridges,  to  which  not  enough  attention  is  ordinarily 
given,  is  the  erection.  Many  of  the  troubles  ordinarily  credited  to 
other  sources  would  be  eliminated  entirely  if  a  good  competent  ma- 
chinist, familiar  with  this  class  of  work,  were  added  to  the  regular 
forces,  to  superintend  the  installation  of  the  machinery. 

B.  R.  Lefflkr,  M.  Am.  Soc.  C.  E.  (by  letter). — The  writer  desiras  _  m^' 
to  express  his  appreciation  of  the  discussion  of  his  paper,  and  offers 
the  following  notes  on  some  of  the  points  brought  out. 

As  a  result  of  the  discussion  and  the  writer's  experiences  since  the 
paper  was  written,  the  specifications  have  been  revised  and  are  pre- 
sented in  separate  form. 

Taking  up  ^[r.  Smith's  disciission : 

Paragraph  5-5. — The  writer  sees  no  objection  to  other  forms  of  keys, 
provided  they  are  of  the  right  proportions.     However,  a  tapered  key 


Leffler. 
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Mr.  with  a  moderate  slope,  and  held  by  a  set-screw  through  the  hub,  is 
^  ^^'  quite  adequate.  The  specifications  have  been  modified  to  allow  the 
use  of  other  keys. 

Parar/raph  92. — The  writer  believes  that  the  only  justification  for 
using-  a  worm  gear,  in  the  bridges  covered  by  the  specifications,  is  for 
the  purpose  of  getting  a  large  reduction  in  a  limited  space  where  a 
train  of  gears  could  not  be  used.  For  this  case,  efficiency  is  of  more 
importance  than  the  holding  power  of  the  worm.  In  swing  bridges  the 
worm  has  been  used  to  raise  the  ends  of  the  bridge;  here  tlie  holding 
power  is  of  much  importance. 

Paragraph  136. — The  writer  does  not  believe  it  advisable  to  look 
to  the  handbooks  of  wire  rope  makers  for  the  proper  diameter  of 
sheaves  for  counterweight  cables.  It  seems  that  a  rational  theory  which 
gives  safe  design  is  preferable  to  tabulated  empirical  data. 

The  writer's  knowledge  concerning  wire  rope  is  not  extensive  enough 
to  say  just  where  a  rope  will  break.  Apparently,  it  should  break  where 
it  starts  to  bend  over  the  sheave.  Over  the  sheave,  the  frictional  resist- 
ances of  the  rope  on  the  sheave  groove  probably  strengthens  the  rope. 
Over  the  sheave,  the  rope  is  subject  to  radial  forces  which  modify  the 
conditions. 

Paragraph  IJ^O. — The  character  of  the  stresses  in  gear  teeth  at  their 
contact  is  unknown.  Line  contact  with  sliding  is  found;  the  intensity 
of  the  stresses  between  any  two  bodies  pressed  together  on  a  line  is  not 
known.  This  is  the  problem  of  designing  a  roller  for  heavy  loads.  The 
best  pair  of  meshing  gears,  according  to  the  writer's  experience,  is  that 
of  a  wooden-toothed  bull-wheel  and  cast-iron  pinion. 

Teeth  designed  by  the  Lewis  fonnula  seem  to  be  satisfactory.  In 
the  writer's  experience,  teeth  seem  to  break  instead  of  wearing  out. 
Eecently,  in  the  horizontal  rack  of  a  rolling  lift  bridge  under  the  writer's 
care,  several  teeth  were  broken  on  account  of  the  sudden  application  of 
the  brakes;  the  material  was  cast  steel. 

For  other  points  by  Mr.  Smith,  the  specifications  have  been 
modified. 

Referring  to  Mr.  Mercer's  discussion,  the  following  views  are 
presented : 

Paragraph  21. — In  rolling  bascule  bridges,  pure  rolling  is  not  found. 
For  the  full  roller,  a  flange  is  used;  for  the  segmental  roller,  teeth  in 
the  track.  Hence,  there  is  some  sliding  friction.  Moreover,  there  is 
considerable  deformation,  which  becomes  partly  permanent.  In  one 
case  under  the  observation  of  the  writer,  the  rolling  structure  refuses 
to  close  without  the  application  of  extra  torque;  this  is  due  to  perma- 
nent deformation  at  the  end  of  the  track.  Some  rolling  structures  are 
not  precise  in  their  movements;  the  free  end  is  forced  sidewise  into 
its  closed  position  by  guides.    In  lieu  of  more  exact  knowledge,  the  co- 
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efficient   of    I'o    is    a   \vorkal)le   iu\c.      A    ('oefficient    for   ])iire    rolling    is     Mr. 

-  Lfffler. 

added. 

The  coefficient  for  stiffness  of  wire  rope  is  not  well  known.     The 

efficiency  of  a  wire  I'ope  belt  over  two  i)ulleys  may  be  equal  to  96%, 

including    journal    friction.       *Eytelw('iii's     fnrnuila    for    stiffness    is 

Kd-      ,,        .  .  r       u 

ii  =  — jp—    1  .     in    which    A    is   a    constant;    d   is    the    dianieter   of   the 

rope,  and  I)  is  that  of  the  sheaves,  both  in  inches.  P  is  the  weight 
lifted.  The  pull,  which  lifts  the  weight,  must  equal  R  -\-  P.  K  can  be 
taken  at  A.     The  specitications  are  revised  accordingly. 

The  ratio  of  the  diameter  of  the  sheave  to  that  of  the  rope  in  the 
Halsted  Street  lift  at  Chicago  is  90.  After  18  years  of  service,  the 
ropes  were  still  in  use.  A  high  ratio  should  be  used  to  limit  the  fric- 
tion, and  consequent  wear,  between  the  wires.  A  paragraph  has  been 
added  to  the  specifications  to  cover  this.  According  to  Rankine,  for 
ratios  above  140,  the  effect  of  rigidity  is  negligible. 

Paragraph  22. — Journals  are  not  subject  to  the  high  pressure  found 
in  trunnions;  the  coefficient  at  starting  is  not  as  great.  Again,  there 
is  some  play  in  a  train  of  gears,  and  the  motor  overcomes  the  initial 
journal  friction  before  the  initial  trunnion  friction  comes  into  play. 

Paragraph  23. — It  is  desirable  to  define  clearly  the  line  between  the 
designer  and  the  fabricator.  The  writer  accepts  a  revision.  However, 
the  writer  has  found  it  necessary  to  make  specifications  for  the 
designers. 

Paragraph  36. — The  writer  recommends  the  use  of  a  softer  phosphor- 
bronze  instead  of  a  harder  steel. 

Paragraph  168. — The  writer  has  one  swung  bridge  operated  by  a 
gasoline  engine.  The  rail-locks  are  of  the  sliding-sleeve  type,  and  are 
actuated  by  the  engine.  The  gasoline  engine  is  not  a  suitable  type  of 
prime  mover  for  a  bascule  bridge;  it  does  very  well  for  a  lift,  if  placed 
on  the  moving  span,  and  in  this  position  it  can  be  made  to  operate 
end-locks  for  rails  and  ends  of  span. 

For  bridges  of  the  type  herein  discussed,  sliding  rail-locks  may  be 
dispensed  with.  The  writer  has  devised  a  lock  which  holds  securely 
the  ends  of  the  rails,  and  bridges  the  gap  between  the  shore  rail  and 
the  bridge  rail,  and  no  machinery  is  necessary  for  its  operation. 

Paragraph  192. — The  writer  is  not  prepared  to  give  a  specification 
for  submarine  cables.  It  is  the  practice  of  the  railroad  company  with 
which  he  is  connected  to  furnish  the  cable,  because  such  cable  contains 
the  wires  for  signal,  telegraph,  light,  and  telephone  services,  as  well  as 
power  wures  for  the  bridge. 

Paragraph  197. — The  writer  believes  that  the  National  Electric  Code 
represents   good  practice.     Every   bridge   has   an   operator's   house,  or 


♦  References :    Church's  "Mechanics  of  Engineering."  1890,  p.  193. 

Kennedy's  "  Mechanics  of  Machinery,"  4th  Kd.,  Art.  80. 
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Mr.  power  station,  in  which  part  of  the  electric  equipment  is  installed. 
'  Obviously,  the  installation  in  the  house  should  be  first  class,  from  a 
fire-protection  standpoint. 

There  are  many  excellent  provisions  in  the  Code  which  should  be 
used  in  any  first-class  electric  installation.  The  character  and  installa- 
tion of  circuit  breakers,  fuses,  switches,  motors,  etc.,  are  important. 
To  cover  all  these  points  in  a  specification  would  be  a  useless  repeti- 
tion of  what  is  already  recognized  as  first-class  practice.  Hence,  a  mere 
reference  to  the  Code  should  be  sufiicient. 

Paragraph  266. — The  writer  believes  that  the  suggestions  for 
phosphor-bronze  are  excellent.  The  physical  qualities  of  phosphor- 
bronze  suitable  for  heavy  bearings  seem  to  be  somewhat  unknown. 

The  writer  has  under  observation  a  trunnion  which  became  abraded. 
The  phosphor-bronze  showed  a  permanent  set  of  0.06  in.  on  a  1-in. 
cube  under  a  100  000-lb.  load.  Another,  and  similar,  case  has  occurred. 
Hence,  it  seems  that  a  somewhat  softer  phosphor-bronze  is  more  suit- 
able.   The  specification  suggested  is  adopted. 

The  writer  has  not  commented  on  all  the  points  raised  by  Mr. 
Mercer.  Nearly  all  those  omitted  have  been  adopted  in  the  revised 
specification. 

Referring  to  Mr.  Reich's  discussion,  the  suggestions  are  excellent, 
and  the  writer  has  adopted  most  of  them  in  the  revision. 

Paragraph  68. — Babbitt  metal  gives  good  results  if  properly  poured, 
but  where  accuracy  of  alignment  and  correct  relative  position  of  the 
machinery  parts  are  to  be  maintained,  bronze  and  brass  linings  are 
better. 

Paragraph  88. — The  proper  angle  of  obliquity  in  involute  teeth 
is  still  unsettled,  although  the  matter  has  been  before  the  American 
Society  of  Mechanical  Engineers  for  several  years.  For  an  angle  less 
than  20°,  it  is  necessary  to  modify  the  outline,  to  avoid  interference. 
Even  for  20°,  a  slight  change  must  be  made  for  a  pinion  of  IT  teeth 
or  less  meshing  with  a  rack. 

The  writer  finds  that  the  special  gear-cutting  concerns  readily  un- 
dertake to  cut  gears  of  any  obliquity  without  much  extra  expense. 
*The  present  trend  is  toward  an  angle  of  20°  as  a  standard. 

Paragraph  92. — For  worm  gears,  used  in  bridges  of  the  character 
specified,  efficiency  is  of  more  importance  than  holding  power.  An 
angle  of  thread  of  20°  is  about  the  lowest  limit  for  a  loss  of  30  per 
cent. 

Paragraph  156. — The  writer  has  attempted  in  the  revision  to  clear 
ui)  the  question  of  designing  for  excess  torques. 

The  use  of  the  term  "Horse-power"  is  somewhat  misleading.  It  is 
better    to    specify    the    capacity    of    a    motor    by    naming    the    vari- 

*  lu  the  "American  Machinist  Gear  Book,"  pp.  20  to  36,  the  subject  is  fully  discussed. 
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al)l(>   torque  it   shonld   exert   for  a   given   time,   say   twice  the  normal     Mr. 
variahle  torque  shown  on  the  torque  curves  for  a  cycle  of  operation. 

The  writer  Itelievet;  that  tlie  turque  curves  should  be  worked  up 
as  ([uiekly  as  ixtssihle.  'riiis  i^  necessary  for  the  correct  determina- 
tion of  the  fiear  ratio,  and  the  capacity  of  the  storage  battery,  if  this 
is   intended   as  the  source  of  power. 

Regarding  a  specification  for  bridges  of  minor  importance;  it  is 
the  writer's  e.xperience  that  sucli  bridges  give  the  most  trouble  in 
maintenance.  Any  power-operated  bridge  should  be  opened  at  least 
once  a  week,  in  order  to  keep  the  parts  in  smooth  running  condition. 
A  movable  bridge,  to  fulfill  its  purpose,  must  be  in  first-class  condi- 
tion continually,  even  if  seldom  moved.  After  a  number  of  years  of 
experience  in  maintaining  movable  bridges,  it  is  the  writer's  opinion 
that  it  is  impossible  to  keep  a  power-operated  bridge  too  efficient. 

The  writer  begs  to  submit  a  demonstration  of  the  formula  for  the 
bending  of  wires,  given  in  Paragraph  38.  This  is  largely  of  academic 
interest.  The  Trenton  Iron  Company,  in  its  "Wire  Eope  Book," 
gives  a  formula  which  is  intended  to  serve  the  same  purpose. 

In  attempting  to  reduce  the  Trenton  formula,  it  was  found  to  be 
erroneous.  ^Further  investigation  led  to  the  derivation  of  the  formula 
given  in  Paragraph  .'58.  In  the  deduction  a  slightly  different  limiting 
value  of  the  angle  is  adopted.     This  gives  a  closer  approximation. 

The  Deduction  of  the  Value  of  B  in  Paragraph  1S8. — 

Proposition. — A  wire  is  bent  over  a  sheave  through  a  small  angle. 
Determine  the  least  radius  of  curvature,  R,  of  the  bend. 

Let  Fig.  4  represent  the  conditions,  considerably  distorted  for 
purposes  of  reasoning. 

For  practical  purposes,  6  is  the  angle  between  the  straight  parts  of 
the  wire. 

Let  /  =  Moment  of  inertia,  of  the  wire. 

M  =  Bending  moment  in  the  wire  at  any  point. 
E  =  ^lodulus  of  elasticity. 
W  =  Pull  on  wire. 

S  =  Length  of  curve,  measured  from  the  y  axis. 
EM  =  EI. 

Xow,  by  calculus, 

_  /  els  \  ^   dx- 

«=  (l^)-7F, O 

3f  =  W  ()j  —  X  cot.  a)  sin.  a (2) 

Now,  as  a  is  to  l)e  a  larse  angle,  it  will   lie  assumed  to    be   not  less 

than  65  degrees.    In  Equation  (1)  ——  can    never    exceed    cosec.    a    in 

value,  or  be  less  than  1;  its  cube  will  be  practically  a  constant,  say  b. 
*  Private  correspondence,  dated  May  21si,  1912,  with  Mr.  William  Hewitt. 
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d^  y 


d  y 

dry        hW  (y  sin.  a  —  x  cos.  a) 
7b^  ^  EI 

h  TFsin.  a  ,  h  W  cos.  a 
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dx"   ~ 


EI 
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-.r-H 


Fig.  4. 
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y  =  Cj  e  ^  n'  •*  +  c,  e  ~  ^  ^    + 


hx 


•ot.  a  —  Cj  -^/rt  e^  n'«  —  ^2  !/( 
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(3) 


('!) 


(~) 


e  =  2.718  + 

/iX 

Aow,  —  =  .t;  cot.  a, 

a 

hence  //  =:  x  cot.  a  +  CjC  ^^"^  +  CgC  ^  ^^'" 

Equation  (7)  is  the  equation  of  tlie  elastic  curve. 
dy 
~dx 

F()r./-  =  0,  ~~  =  (».  E(juation  (8)  becomes  0  =  cot.   (x  +  c^  y/ a  —  <'.W < 


i^^ 


Fo 


dii 
r  .'•  =  X  ,  — ^  =  cot.  a,  Equation  (8)  becomes  cot.  a  =  cot.  a  +  Cj 
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TT  n  I  ^■*''-  "  Mr. 

Hence,  c,  :=  <•.  and  c.,  =  — - —  .  Leffler. 

Iviuation  (7)  imw  beroint's 

cot.  a  e~-'  -^^ 


y  =  X  cot.  a  + 


Va 


cot.    (1  .       . 

For  X  =  l>,  //  =  -  -j—^.  tins  is  tln'  xalue   ot   y   win-re   tlic   (imm'   cros.ses 
ya 

tlie  //  axis. 

E(|uatiou   (1'/)   now   iMCdiiies,  for  h'  at  the  y  axis.  h\  putting./;  =  0, 

cot.  «  .     „ 
and  (/  =       / 1"  h<iuation  (.3). 

j^  ^ ^ Vh        \EI^\u.a 


a\ 


cot.  ex  -/«         eos.  a\i         W 

This  is  the  h-ast  vahic  of  tlie  radius  of  curvature. 

(Is 
As  tlic  liniitinu' values  of——  are    1   and   cosec.    n:  =  1.10.   we    will 

clx 

df!  /  fJs  \  ■' 

assume  as  an  averaije  value  foi- — -— ,  1.05.  hence,  as   (  -- —  )      was    called 

ax  \  (/./•  / 

I,,  ^b  =  1.08. 

Again,  as  a  is  never  less  than  (io",  the  average  value  of  its  sine  can 

be  taken  at  0.953. 

Then  /.'  =  ^-^^  ^  ^*-^'"^    I'K  =  i:^    III. 
COS.  a        \l    }Y         COS.    a\    jy 

Ttd* 

Again.  / 


64    ' 

1.054  Vvt  d-    1^  d'  \~e' 

hence  -K  ^  — vl ^    .    -._ v 

8  cos.  a      \   W  4.2,  cos.  a\   W 

It  is  close  enough  to  take 

^  = ,-: — tnJ  w' 

1/  cos.  -- 
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REVISED   SPECIEICATIONS  FOR  RAILROAD  BRIDGES 
MOVABLE  IN  A  VERTICAL  PLANE. 

Scope.  1. — These  specifications  are  intended  to  cover  bascule  bridges,  which 

are  such  as   rotate  about  a  horizontal  axis;   and  vertical  lifts,  which 
are  those  in  which  successive  positions  are  parallel. 
Deck.  2. — The    Contractor   shall   place    and   fasten   permanently    all    ties,, 

rails,  guards,  and  other  deck  material.  Usually,  the  Railroad  Com- 
pany will  furnish  all  the  deck  material  except  rail-locks,  rails  which 
must  be  fabricated  to  fit  locks,  and  special  devices  to  hold  the  deck  in 
place, 
lesponsibility.  3. — If  complete  general  proposal  plans  a.re  furnished  to  the  Con- 
tractor, he  shall  be  responsible  for  only  the  material  and  character  of 
the  workmanship  and  installation.  However,  for  any  parts  of  the 
design  not  covered  by  the  proposal  plan,  and  for  which  the  Contractor 
is  to  make  a  design,  he  shall  be  wholly  responsible. 
Electrical  4. — Unless   otherwise    specified,   the   electrical   equipment   shall   in- 

Equipment.  ^]^jg  g]j  electrical  parts  up  to,  and  including,  the  switch-board.  Elec- 
trical equipment  carrying  the  current  to  the  switch-board  from  the 
source  of  power  will  be  covered  by  separate  contract. 

5. — The  specifications   of  the   New  York   Central   Lines   for   Steel 
Railroad  Bridges,  for  1910,  shall  apply  to  movable  bridges,  except  as 

noted  herein.  ^^  _, 

Manner  of  Bidding. 

'arts Classified        6. — Drums,  cylinders,  eccentrics,  trunnions,  and  their  cast  supports, 

as  Machinery,  gjjjjf^ijjg^    pistons,    gear    wheels,    racks,    boxings,    bearings,    couplings, 

disks,  cast  sheaves  and  wheels,  worm  gearing,  valves,  pins  about  the 

axis   of  which   the  connecting  members   rotate,   whistles,   ram  screws, 

end  bridge-locks,  rail-locks,  indicators,  cranks,  axles,  hooks,  wrenches, 

and    similar   parts    of   machinery    which    require   machine-shop    work, 

shall  be  classified  as  machinery  and  be  paid  for  at  a  common  price  per 

pound.     Electric  motors,  or  other  prime  movers,   are  not  classified  as 

machinery.    (11). 

Sheaves.  '''• — The   large  sheaves   of   vertical   lift  bridges   the  webs   and  dia- 

]ihragms  of  which  are  biiilt   up  Avith  plates,   angles,   and   rivets,  shall 

be  paid  for  at  a  separate  price  per  pound  of  finished  weight,  including 

casings  and  fastenings  to  trunnions. 

Air  8. — Air  compressor  tanks  and  steam  boilers  shall  be  paid  for  at  a 

Compressor 
Boilers.       separate  price. 

Wire  Ropes  9- — Wire  ropes  and  cables  and  their  sockets  shall  be  paid  for  at  a 

and  Cables,  ggp^rate  price  per  pound. 

Pins,  10. — The    pins,    equalizing    levers,    and    cable    attachments    to    the 

Levers,  etc.  tj.,^,ggpg  gj^,|  counterweights  shall  be  paid  for  at  a  separate  price  per 

pound. 

Structural  11. — Structural    steel    supporting    the    machinery   proper,    counter- 

*""■•  weight  frames,  counterweight  trusses,  steel  in  operator's  house,  towers. 
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and  links,  sliiill  be  classified  as  structural  steel  and  be  paid  for  at 
the  same  price  per  pound  as  for  the  span  itself.  Attached  ma- 
chine jiarts,  such  as  sleeves,  bushings,  etc.,  shall  be  classified  as 
niacluTieo'.    (6). 

li'.  'I'lic  operator's  house,  except  for  the  structural  steel  thei'ein, 
sliall  be  paid  for  on  a  lump-sum  basis. 

13. — Structural  steel  which  can  be  fabricated  by  the  common 
shop  methods,  as  punching,  reaming,  drilling,  shearing,  planing,  etc., 
as  is  usually  done  for  stationary  structures,  shall  be  classified  as 
structural  steel  and  be  paid  for  at  the  same  price  per  pound  as  for  the 
span  itself. 

14. — Segmental  girders  in  rolling  bascule  bridges  and  the  hori- 
zontal girders  on  which  they  roll  shall  be  iiaid  for  at  a  separate  price 
per  pound.  This  does  not  include  any  bracing,  floor  system,  or  other 
structural  members  which  nuiy  be  attached.  Track  plates  shall  be 
included. 

15. — Hand-rail  shall  be  paid  for  at  a  separate  price  per  pound. 

16.- — Electrical  equipment,  such  as  wiring,  switch-boards,  control- 
lers, lights,  blow-outs,  cut-offs,  solenoids,  switches,  motors,  etc.,  shall 
be  paid  for  on  a  lump-sum  basis. 

IT. — Internal-combustion  engines  and  steam  engines  shall  be  paid 
for  on  a  lump-sum  basis. 

18. — Cast-iron  parts  used  in  counterweights  shall  be  paid  for  at  a 
separate  price  per  pound. 

19. — Concrete  in  counterweights  shall  be  paid  for  at  a  price  per 
cubic  yard  in  place. 

20. — It  is  to  be  understood  that  if  any  extra  parts  are  needed,  or 
any  question  arises,  all  difficulties  shall  be  settled  on  the  pound  price 
basis  as  quoted  and  accepted  for  the  parts  in  question. 
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General  Details  ix  Designing. 


21 — Self-centering   and   seating  devices   shall  be  used  on  the  free  Self-Centerinec 
ends  of  the  moving  span.     Holding  and  forcing-down  devices  shall  be 
used  for  the  free  ends  of  each  truss. 

22. — Designs   for   bridging    the   gap   between    the   shore   rails    and     Rail-Locks, 
moving  rails  shall  be  furnished  by  the  Railroad  Company.    Loose  rails 
will  not  be  allowed. 

2.3. — Air  buffers  shall  be  furnished  at  the  free  ends  of  the  moving    Air  Buffers, 
span. 

24. — The  counterweights  shall  be  easily  adjustable.  Usually,  this 
shall  be  done  by  adding  or  taking  away  cast-iron  parts,  or  small  con- 
crete blocks. 


Counter- 
weights. 


25. — Metal  stairwavs,  with  l-^-in.  hand-rail,  shall  be  provided,  for     stairways. 


access   to   the   machineiy,    trunnions, 
shall  weigh  2.68  lb.  per  ft. 


and    counterweights.      The   pipe 
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(iirdersiu  26. — The    reinforcements    of   webs    in    the    segmental    girders    and 

Bri'iees  ^YHck  girders  of  rolling  bridges  shall  be  symmetrical  about  the  center 
planes  of  the  webs.  The  center  planes  of  the  segTnental  webs  shall 
coincide  with  the  corresponding  center  planes  of  the  webs  of  the  track 
girders.  That  part  of  an  outstanding  leg  of  an  angle,  which  is  be- 
yond the  outside  face  of  the  upstanding  leg,  shall  not  be  considered 
as  reinforcement.  The  width  of  contact  between  the  segmental  webs 
(including  the  reinforcements)  and  the  back  of  the  tread  plates,  shall 
be  equal  to  the  width  of  the  corresponding  contact  in  the  track  girder. 
Coefficients  27. — ^In  calculating  the  resistances  to  be  overcome  by  the  machinery, 

Mov'ing'span'^  the  resisting  forces  shall  be  reduced  to  a  single  force  acting  between 
and  Attached  ^^le   pinion    and    operating    rack,    or   in   the   operating   cable.      In   de- 
termining this  force,  the  following  coefficients  shall  be  used  in  start- 
ing the  span,  and,  except  for  the  stiffness  in  cables,  shall  be  reduced 
one-half  after  motion  is  begun.    (44)  : 

For  trunnion  friction ^ 

For  rolling  friction  of  bridges  having  rollers  with  flanges, 

or  built-uj)  segmental  girders y^j 

For   stiffness    of  wire   rope    per   1(S0°    of    liending:    d  ^ 

diameter  of  rope,  in  inches  ;  D  ^=  diameter  of  sheaves, 

d^ 
in  inches — -z- 

Coefficients  28. — For  a   solid   cast  roller,  without  flanges,  in  contact   with   one 

ot    notion,     g^ij.fr^pe  only,  the  coefficient  of  rolling  friction  shall  be  taken  equal  to 
15 
-   ^^,„ —  ,  in  which  r  is  the  radius  of  the  roller,  in  inches. 
1  000  r 

29. — In  figuring  the  machinery  losses  between  the  operating  rack 
or  operating  cable  and  the  motor,  the  following  coefficients  shall  be 
used : 

For  the  efficiency   of   any  pair  of  gears,  journal   friction 

not  included 0.99 

For  journal  friction 0.06 

Losses   in    a    worm    gear   for   an    angle   of   thread    of    20° 

or  more 0.30 

30. — For    sliding    friction    between    plane    surfaces    intermittently 
lubricated,  such   as  guides  on  tower  posts,  the  coefficient  of   friction 
shall  be  taken  equal  to  0.08. 
rime  to  Open.        3i_ — -pi-jg  ^jj-f^g  ^^  opgn  the  bridge  after  the  ends  are  released  shall 
be  approximately  as  specified  on  the  proposal  drawing. 
Inertia.  32. — The  force  necessary  to  overcome  the  inertia  and  produce  accele- 

ration and  retardation  for  the  time  of  opening  shall  be  considered. 
The  machinery  shall  be  capable  of  stopping  the  bridge  in  6  sec. ;  for 
this  purpose,  the  coefficient  of  friction  in  the  friction  brake  shall  be 
taken  at  not  less  than  25  per  cent. 
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38. — In  calculnlincr  tho  dend-load  stresses  in  the  niovinc:  strncturnl 
parts,  for  the  various  positions  of  the  open  bridge,  snch  stresses  shall 
be  increased  25%  as  allowance  for  impact.  For  stationary  stnietiiral 
parts  (as  towers,  and  supporting  girders  in  rollinfr  bridges'),  to  which 
moving  structural  parts  are  attached,  or  on  which  such  parts  roll,  15% 
of  the  static  stress  shall  be  added  as  impact. 

34. — In  structural  steel  parts,  where  a  percentage  of  the  dead  load 
or  static  stress  is  added  for  impact,  the  unit  stresses  for  stationary 
structures  shall  be  used;  the  impact  percentages  are  an  allowance 
similar  to  that  provided  by  an  impact  formula  for  stationary  railroad 
bridges. 

"5. — In  structural  members  subject  to  reversal  on  account  of  the 
motion  of  the  span,  the  effect  of  reversal  shall  be  neglected.  The 
member  shall  be  designed  for  the  stress  giving  the  larger  section. 
For  riveted  connections,  the  number  of  rivets  shall  be  increased  25% 
over  that  required  for  the  static  stress  plus  impact  stress. 

36. — The  allowance  for  impact  in  trunnions,  cables,  cable  attncli- 
ments,  machinery  parts,  and  structural  parts  supporting  the  machinery, 
is  taken  care  of  by  lowered  unit  stresses. 

37. — The  wind  pressure  to  be  assumed  in  proportioning  the  ma- 
chinery or  moving  parts  shall  be  15  lb.  per  sq.  ft.  on  the  exposed  sur- 
faces of  the  moving  parts  as  projected  on  any  vertical  plane.  The 
machinery  shall  be  strong  enough  to  hold  the  moving  parts  in  any  posi- 
tion for  this  pressure,  and  be  capable  of  opening  the  bridge  in  the 
specified  time  at  10  lb.  per  sq.  ft.  wind  pressure. 

38. — The  structure  shall  be  strong  enough  to  resist  a  wind  pressure 
of  15  lb.  per  sq.  ft.  on  any  surface  as  projected  on  any  vertical  plane 
for  any  open  position  of  the  moving  span.  The  structure  shall  be 
strong  enough  to  resist  a  wind  pressure  of  25  lb.  per  sq.  ft.  when  the 
moving  span  is  in  the  closed  position. 

39. — The  least  wind  pressure  to  be  assumed  on  the  floor  of  the 
moving  span  shall  be  2J  lb.  per  sq.  ft.  for  any  position  of  the  span. 
For  the  vertical  lift,  this  shall  be  taken  as  acting  throughout  the 
movement. 

40. — On  the  ordinary  open-floor  bridge  with  ties,  the  exposed  sur- 
face to  wind  shall  be  taken  equal  to  80%  of  a  full  quadrilateral  having 
a  width  equal  to  the  distance  from  center  to  center  of  trusses  and  a 
length  equal  to  that  of  the  moving  span. 

41. — The  Contractor  shall  make  complete  detailed  drawings  of  ihe 
machinery,  so  that  any  other  shop  can  take  them  and  duplicate  the 
machinery.  No  reference  to  patterns  or  individual  shop  practices  will 
be  considered  in  lieu  of  the  complete  drawings.  These  drawings  shall 
show  a  general  outline  of  the  assembled  machinery.  The  drawings 
shall  be  made  on  tracing  cloth,  each  sheet  24  by  36  in.  in  outside 
dimensions.  These  drawings  shall  become  the  property  of  the  Rail- 
road Company  on  the  completion  of  the  job. 
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42. — The  Contractor  shall  furnish  an  outline  drawing  of  the  ma- 
chinery, on  which  are  shown  the  forces  acting  on  the  gear  teeth,  the 
twisting  moment  and  bending  moment  on  shafts,  and  other  necessary- 
information  for  checking  the  strength  of  the  machine  parts.  A  tabu- 
lation of  the  formulas  and  methods  of  calculation  shall  be  shown  com- 
plete enough  to  allow  them  to  be  checked. 

43. — The  Contractor  shall  show  by  a  drawing  of  curves  the  torque 
to  be  exerted  by  the  motor  or  prime  mover,  as  follows : 

1.  A  torque  curve  for  acceleration  and  retardation ; 

2.  A  torque  curve  for  the  frictional  resistance; 

3.  A  torque  curve  for  any  unbalanced  condition  of  the  structure; 

4.  A  torque  curve  for  the  wind  load; 

5.  A  torque  curve  showing  the  greatest  combination  of  resistances 
acting  at  any  one  time. 

44. — In  figuring  the  friction  at  starting  (this  being  twice  the  run- 
ning friction),  no  acceleration  of  the  moving  mass  shall  be  considered. 
This  friction  shall  be  considered  as  reduced  to  the  running  friction 
in  the  first  second  after  the  power  is  applied.  (2Y). 

45.— If  the  Contractor  is  to  furnish  the  design  for  the  electrical 
equipment,  such  as  wiring,  switches,  etc.,  he  shall  show  by  a  curve 
the  current  required  by  the  motor  to  overcome  the  various  resistances. 
This  is  for  the  purpose  of  checking  up  the  carrying  capacity  of  wires 
and  other  parts,  and  determining  the  storage  battery  capacity. 

46. — -The  Contractor  shall  check  the  location  of  the  center  of  gravity 
of  the  moving  span,  including  all  parts  attached  thereto,  and  also  the 
location  of  the  center  of  gravity  of  the  counterweights,  including 
counterweight  girders  and  trusses,  by  computations  based  on  accurate 
weights  calculated  from  shop  plans.  He  shall  submit  duplicate 
sketches  and  copies  of  these  computations  accompanied  by  weight  bills 
to  the  Railroad  Company  for  approval. 

47. — All  bridges  shall  be  equipped  with  hand-operating  mechanism. 
The  number  of  men  and  the  time  required  to  operate  shall  be  esti- 
mated on  the  assumption  that  the  force  one  man  can  exert  on  a  lever 
is  40  lb.  with  a  speed  of  160  ft.  per  min.  developing  about  i  h.p.  For 
calculating  the  strength  of  the  machinery,  the  power  of  one  man  shall 
be  assumed  as  125  lb. 

Operating  Machinery. 

48. — The  parts  shall  be  simple  in  design,  and  easily  erected,  in- 
spected, adjusted,  and  taken  apart.  The  fastenings  shall  hold  the  parts 
in  place  securely  after  they  have  been  set. 

49. — Rolled  or  forged  steel  shall  be  used  for  bolts,  nuts,  keys, 
cotters,  pins,  axles,  screws,  worms,  piston  rods,  trunnions,  and  crane 
hooks,  if  any. 
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50. — Trunnions,  pins,  and  shafting  more  than  4i  in.  in  diameter, 
shall  be  of  forged  structural  steel.  Shafting  4^  in.  or  less  in  diameter 
may  be  of  cold-rolled  steel. 

51. — Forged  or  cast  steel  shall  be  used  for  levers,  cranks,  and 
connecting  rods. 

52. — Cast  steel,  or  forged  steel,  shall  be  used  for  couplings,  end 
slioes,  racks,  toothed  wheels,  brake  wheels,  drums,  shea.ves,  and  hangers 
where  the  supported  weight  will  cause  tensile  stresses.  Large  sheaves 
may  be  built  of  structural  steel. 

53. — Pinions  shall  be  made  of  forged  steel  and  cut  from  the  solid 
metal,  unless  such  pinions  are  too  large  for  forgings. 

54. — Sockets  used  for  holding  the  ends  of  wire  ropes  shall  be 
forged  without  welds  from  the  solid  steel.  The  equalizing  levers, 
connecting  the  ropes  to  the  counterweights,  or  moving  span,  shall  be 
of  forged  steel. 

55. — Cast  iron  may  be  used  in  boxes  for  shafts  2  in.  or  less  in 
diameter,  and  which  obviously  carry  light  loads.  Other  boxes  shall  be 
of  cast  steel. 

56. — Cast  iron  may  be  used  in  eccentrics,  cylinders,  pistons,  fly- 
wheels, and  parts  of  motors  which  are  usually  made  of  cast  iron.  Cast 
iron  shall  not  be  used  for  any  trunnion  or  axle  supports. 

57. — Phosphor-bronze,  brass,  and  Babbitt  metal  shall  be  used  for 
the  bushing  or  lining  of  journal  bearings  and  other  rotating  or  sliding 
surfaces,  to  prevent  seizing. 

58. — Phosphor-bronze,  only,  shall  be  used  for  bushing  for  the 
trunnions  of  bascule  and  lift  bridges,  or  in  any  large  bearing  carrying 
heavy  loads. 

59. — The  bushings  for  large  bearings,  such  as  for  trunnions  and 
similar  parts,  shall  be  held  from  rotating  in  their  casings.  The  force 
tending  to  cause  rotation  shall  be  taken  as  one-eighth  of  the  load  on 
the  trunnion  or  bearing,  and  as  acting  at  a  tangent  to  the  surface 
between  the  back  of  the  bushing  and  casing;  this  force  shall  not  be 
considered  as  counteracted  by  any  frictional  resistances  between  bush- 
ing and  casing.  It  shall  be  practicable  to  take  out  the  bushing  when 
the  trunnion  is  slightly  lifted. 

60. — Castings  which  are  to  be  attached  to  rough  unfinished  sur- 
faces shall  be  provided  with  chipping  strips.  The  outer  unfinished 
edges  of  ribs,  bases,  etc.,  shall  be  rounded  off,  and  inside  comers 
filleted. 

61. — Bolts  and  nuts,  up  to  li  in.  in  diameter,  shall  have  U.  S. 
Standard  V-threads.  Nuts  and  exposed  bolt  heads  shall  be  hexagonal 
in  shape,  and  each  nut  shall  be  provided  with  a  washer.  If  the  nut  will 
come  on  an  inclined  surface,  a  special  seat,  the  top  surface  of  which 
is  at  right  angles  to  the  bolt,  shall  be  cast  or  built  up  to  receive  the 
nut.    Bolt  heads  which  are  countersunk  in  castings  shall  be  square. 


Cast  Iron. 


Castings 


Bolts  and 
Nuts. 
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62. — Nuts  which  are  subject  to  vibration  and  frequent  changes  of 
load  shall  have  locking  arrangements  to  prevent  the  gradual  unscrewing 
of  the  same.  If  double  nuts  are  used  for  that  purpose,  each  nut  shall 
be  of  the  standard  thickness.  Nuts  subject  to  vibration  shall  be  fur- 
ther secured  by  split  pins  through  the  bolt. 
Screws.  63. — Screws  which  transmit  motion  shall  have  square  threads. 

Tap-Bolts,  Set-        64. — Tap-bolts   and  stud-bolts   shall  not  be  used,  except  by  special 
Screws,  etc.    permission. 

65. — Set-screws  shall  not  be  used  for  transmitting  torsion  to  shafts 
or  axles. 
Collars.  66. — Collars   shall   be   used   wherever   necessary   to   hold   the   shaft 

from  moving  horizontally.     Each   collar  shall  have  at  least  two  set- 
screws  at  an  angle  of  120  degrees. 
Shaft  67. — Shaft   couplings,  unless  of   the  flexible  kind,   shall  be  of  the 

Coiipiinf?b.     fjjjjjgg  type,  or  split  muff  with  bolt  heads  and  nuts  countersunk. 

68. — For  large  shafts,  couplings  such  as  are  used  for  rolling  mill 
shafting  may  be  used. 

69. — Couplings  shall  be  keyed  to  shaftings. 
Keys.  70. — If  practicable,  hooked   and  tapered  keys  shall  be  used.     The 

taper  shall  be  J  in.  per  ft.  The  width  of  the  key  shall  be  one-fourth 
of  the  diameter  of  the  shaft;  the  height,  at  mid-section  of  the  tapered 
length,  shall  be  three-fourths  of  the  width.  The  length  of  the  hook, 
measured  parallel  to  the  shaft,  shall  be  equal  to  the  width  of  the  key. 

71. — If  tapered  keys  are  not  practicable,  parallel-faced  keys  of 
about  the  above  proportions  shall  be  used. 

72. — Tapered  keys  shall  bear  on  top,  bottom,  and  sides;  parallel- 
faced  keys  shall  bear  on  sides  only. 

73. — The  length  of  any  key  shall  be  not  less  than  that  of  the  hub. 

74. — The  foregoing  dimensions  are  approximate.  The  shape  of 
the  key  shall  be  such  as  to  have  unit  stresses  in  shear  and  bearing 
not  exceeding  those  allowable  in  the  table. 

75. — If  practicable,  the  keys  and  grooves  shall  be  made  so  that 
the  keys  may  be  backed  out. 

76. — Keys  shall  be  sunk  in  grooves  in  both  hub  and  shaft.  The 
depth  of  a  groove  shall  be  such  that  the  bearing  will  not  exceed  the 
allowable  unit  stress. 

77. — Keys   shall   be   held   by   set-screws    or   equivalent   means.      In 
vertical  shafts,  bands  clamped  about  the  shaft,  or  other  devices,  shall 
be  placed  below  the  key. 
Hub.  78. — If  practicable,  the  length  of  the  hub  shall  be  not  less  than  two 

diameters  of  the  shaft,  and  its  thickness  not  less  than  one-third  of 
the  diameter  of  the  shaft.  The  hub  shall  have  a  light  driving  fit  on 
the  shaft. 

79. — The  groove  in  the  hub  shall  be  made  on  the  center  line  of 
an  arm. 
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SO. — Hubs  shall  be  bored  truly  at  the  center  of  the  wheel. 

81. — For  trunnions  and  similar  parts,  which  are  designed  chiefly  for 
bending-  and  bearing,  the  keys,  key-ways,  and  bolts  shall  be  designed 
to  hold  the  trunnions  from  rotating.  The  force  tending  to  cause  rota- 
tion shall  be  taken  at  one-fifth  of  the  load  on  the  trunnion,  and  shall 
be  taken  as  acting  at  the  circumference  of  tlie  trunnion. 

S2. — Journals  shall  be  proportioned  to  resist,  not  only  the  various 
stresses  to  which  thej^  are  subjected,  without  exceeding  the  permissible 
fiber  and  bending  stresses,  but  also  to  prevent  a  tendency  to  heat  and 
seize. 

83. — Divided  journal  and  trunnion  bearings  shall  be  used,  and  the 
cap  shall  be  fastened  to  the  base  with  turned  bolts  recessed  into  the 
base.  The  nuts  and  heads  shall  bear  on  finished  bosses  cast  on  the  bear- 
ing. There  shall  be  |  in.  clearance  between  the  lining  of  the  base 
and  the  cap  or  its  lining,  to  allow  for  expansion. 

84. — Steel  bearings  carrj'ing  steel  shafts  or  journals  shall  be  lined 
with  bronze  or  brass.  If  shafts  are  3  in.  or  less  in  diameter  and  of 
a  slow  motion,  Babbitt  metal  may  be  vised.  Bearings  of  steel  on  steel 
for  moving  surfaces  will  not  be  allowed. 

85. — In  cast-iron  boxes  carrying  light  shafts,  no  lining  is  needed. 

86. — The  bearings  of  shafts  shall  be  placed  as  near  to  the  points 
of  loading  as  possible. 

87.- — The  foot-steps  of  vortical  shafts  shall  be  of  axle  or  tool  sleel, 
and  shall  run  on  bronze  disks. 

88. — Provision  shall  be  made  for  the  effective  lubrication  of  jour- 
nals, or  any  other  sliding  surfaces.  Closed  oil  or  compression  grease 
cups  shall  be  used.  Grooves  shall  be  cut  in  the  surface  of  the  trunnion 
to  provide  for  the  proper  distribution  of  grease  or  oil.  Grease  and  oil 
cups  must  hold  the  lubricant  for  any  position  of  the  moving  parts. 

89. — The  grooves  in  large  trunnions  shall  approximate  to  a  U  shape ; 
the  size  shall  be  such  that  a  wire  fV  in.  in  diameter  may  lie  wholly 
within  the  groove.  The  edge  of  the  U  shall  be  rounded  to  a  radius 
of  ^  in. 

90. — The  grooves  shall  be  straight,  running  parallel  to  the  axis  of 
the  trunnion.  They  shall  be  not  less  than  three  in  number,  and  lo- 
cated so  that  all  parts  of  the  bearing  surface  of  the  bushing  will  be 
swept  by  the  contained  lubricant,  in  an  opening,  and  in  a  closing  of 
the  bridge.     The  grooves  must  allow  of  being  cleaned  with  a  wire. 

91. — In  any  trunnion  bearing,  or  similar  heavy  bearings,  strong 
compression  grease  cups  shall  be  used  for  the  grooves. 

92. — Oil  and  grease  ducts  shall  be  located  so  that  the  lubricant  will 
flow  by  gravity  toward  the  bearing  surface. 

93. — Dust  covers  shall  be  provided  for  the  principal  bearings,  in 
particular  for  trunnions  where  shown  on  plans. 


Keys  in 
Tninnions 


Bf)xes. 
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Shafts. 


94. — Line  shafts,  extending  from  the  center  of  the  bridge  to  the 
end,  shall  not  be  continuous,  but  shall  be  connected  with  claw  coup- 
lings. Each  length  of  shafting  shall  rest  in  not  more  than  two  bear- 
ings, with  the  couplings  close  to  the  bearings. 

95. — If  shaft  supports  are  connected  to  the  floor-beam,  in  bridges 
having  long  panels,  intermediate  supports  shall  be  used;  these  shall 
be  adjustable,  and  are  intended  merely  to  prevent  the  shaft  from 
sagging. 

96. — Equalizing  gears  or  devices  shall  be  used  to  insure  equal  ac- 
tion at  the  pinions  and  operating  racks. 

<)7. — The  unsupported  length  of  shafts  shall  not  exceed  i  =  SO'''  V d'^ 

for  shafts  supporting  their  own  weight  only;  L  =  50'^  V d''  for  shafts 
carrying  pulleys,  gearing,  etc.,  where  L  =  length  of  shaft  between 
center  of  bearings,  in  inches;  and  d  —  diameter  of  shaft,  in  inches. 

98. — Line  shafts  connecting  machinery  at  the  center  to  that  at  the 
ends  shall  run  at  fairly  high  speed.  The  speed  reduction  shall  be  made 
in  the  machinery  near  the  end. 

99. — In  designing  circular  shafting,  trunnions,  and  axles,  the  great- 
est unit  fiber  stress  in  tension  or  compression  due  to  bending  shall  be 
calculated  by  the  following  formula : 


.f  = 


c 


M 


J  JSP  +  T- 


0 


It  d-^  V  8  8 

100. — The  maximum  unit  shear  shall  be  calculated  by  the  following 
formula : 

101. — In  these  formulas,  /  =  unit  fiber  stress  in  tension  or  com- 
pression; S  =  unit  shear;  d  =  diameter  of  shaft;  M  =  the  simple 
bending  moment;  and  T  =  the  simple  twisting  moment. 

102. — If  a  shaft,  trunnion,  or  axle  has  one  key-way  cut,  at  the  sec- 
tion where  the  maximum  stresses  occur,  f  and  S  shall  be  increased  by 
one-sixth;  if  two  key-ways  are  cut,  increase  by  one-fourth.  If  the 
shaft  is  enlarged  through  the  hub,  this  does  not  apply. 

103. — In  calculating  the  bending  moment  on  shafts,  trunnions,  and 
journals,  the  distance  from  center  to  center  of  bearings  shall  be  taken. 

104. — Gear  teeth  shall  be  of  the  involute  type,  with  an  angle  of 
obliquity  of  20  degrees.  The  roots  below  the  clearance  line  shall  be 
filleted. 

105. — The  width  of  the  teeth  may  be  as  great  as  four  times  the 
pitch,  but  not  more,  except  for  wheels  running  at  a  very  high  velocity, 
as  in  motors  where  abrasion  is  to  be  considered. 

106. — In  estimating  the  strength  of  teeth  in  bevel  wheels,  the  pitch 
at  the  middle  section  shall  be  taken. 
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107. — For  the  purpose  of  setting  gear  teeth  accurately  in  the  field    Pitch  circle, 
erection,  the  pitch  circle  shall  be  scribed  on  the  ends  of  the  teeth. 

108. — Worm  gearing,   for  transmitting  power,  shall  have  an  angle        Worm 
of  thread  not  less  than  20  degrees.     The  worm  shall  run  in  oil.     A         earmp. 
bronze  or  brass  collar  shall  be  used  at  the  end  of  the  worm  and  at  the 
end  of  the  wheel  axle,  to  take  care  of  the  end  thrust.    The  wheel  shall 
be  of  bronze.     If  a  nut  engages  the  worm,  the  nut  shall  be  of  bronze. 

109. — Worms  which  are  to  be  used  for  actuating  signals,  indicators, 
or  other  minor  parts,  may  have  an  angle  of  thread  less  than  20  degrees. 

110. — Worm  wheels  shall  have  not  less  than  twenty-six  teeth.  Number  of 

111. — Pinions  shall  have  not  less  than  fifteen  teeth.  Worm  Gears. 

.  Number  of 

112. — For  the  purpose  of  keeping  down  the  wear  between  the  indi-  Pinion  Teetb. 
vidual  wires  in  counterweight  rope,  the  diameter  of  the  sheave  shall       sheaves, 
be  at  least  ninety  times  that  of  the  rope. 

113. — ^Machinery  parts  near  which  workmen  may  be  while  the  parts  Safety  Guards, 
are  in  motion,  shall  be  designed  so  that  safety  guards  may  be  added. 
These  guards  will  be  furnished  and  installed  by  the  Eailroad  Company. 

Counterbalancing,  Operating  Ropes,  and  Attachments. 

114. — Wire  rope  shall  be  made  by  a  manufacturer  approved  by  the     wire  Ropes 
En^-ineer.  ^"'*  ^'^ibles. 

115. — The  counterbalance  ropes  shall  be  of  plow-steel  wire,  and 
shall  consist  of  six  strands,  of  nineteen  wires  each,  laid  around  a  hemp 
center. 

116. — Ropes  shall  be  laid  up  in  the  best  manner,  and  shall  be 
thoroughly  soaked  in  an  approved  lubricant  during  the  process  of 
manufacture. 

117. — The  counterbalance  ropes  shall  be  made  from  wire  which  has 
been  tested  in  the  presence  of  an  inspector  designated  by  the  Engineer, 
and  which,  for  sizes  from  0.076  to  0.150  in.  in  diameter  (the  limiting 
values  used  in  counterbalance  ropes),  exhibits  the  following  physical 
properties : 

a.— The  tensile  strength  shall  be  not  less  than  225  000  lb.  per  sq.  in. 
for  wire  from  0.150  to  0.126  in.  in  diameter,  nor  less  than  230  000  lb.  for 
wire  from  0.125  to  0.101  in.  in  diameter,  nor  less  than  235  000  lb.  for 
wire  from  0.100  to  0.076  in.  in  diameter. 

h. — The  total  ultimate  elongation,  measured  on  a  piece  12  in. 
long,  shall  be  not  less  than  2.4  per  cent. 

c. — The  number  of  times  a  piece  6  in.  long  can  be  twisted  around 
its  longitudinal  axis  without  rupture  shall  be  not  less  than  1.4  divided 
by  the  diameter,  in  inches. 

d. — The  number  of  times  the  wire  can  be  bent  90°,  alternately  to 
the  right  and  to  the  left,  over  a  radius  equal  to  twice  its  diameter, 
without  fracture,  shall  be  not  less  than  six.     This  test  shall  be  made 


Ultimaie 

Strength  .)f 

Cables. 
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in  a  mechanical  bender  constructed  so  that  the  wire  actually  conforms 
to  the  radius  of  the  jaws  and  is  subjected  to  as  little  tensile  stress  as 
possible. 

118. — The  rope  shall  be  made  in  one  piece,  if  possible,  Its  break- 
ing strength,  as  determined  by  test  described  in  Paragraph  121,  shall 
be  not  less  than 


4  900  lb.  if  ^■ 

in.  in 

11800  ' 

8 

20  600  ' 

"   I 

32  400  ' 

8 

4.5  000  ' 

"  I 

70  000  ' 

"      i 

79  200  ' 

"    1 

100  800  ' 

"  u 

120  600  ' 

"  u 

148  000  ' 

"  If 

173  000  ' 

"  H 

200  000  ' 

"  n 

230  000  ' 

"  11 

264  000  ' 

"  li 

297  000  ' 

"  2 

325  000  ' 

"   21 

374  000  ' 

"  2-1 

465  000  ' 

"   2i 

119. — In  case  the  physical  qualities  of  the  rope,  or  its  individual 
wires,  fall  below  the  values  cited  above,  the  entire  length  from  which 
the  test  pieces  were  taken  shall  be  replaced  by  the  manufacturer  with 
a  new  length,  the  physical  qualities  of  which  come  up  to  the 
specificafions. 

120. — The  dimensions  of  the  sockets  shall  be  such  that  no  part 
under  tension  shall  be  loaded  higher  than  65  000  lb,  per  sq.  in.  when  the 
rope  is  stressed  to  its  ultimate  strength,  as  named  above.  The  sockets 
must  be  attached  to  the  rope  by  a  method  which  is  reliable  and  will 
not  permit  the  rope  to  slip  in  its  attachment  to  the  socket. 

121. — In  order  to  show  the  strengh  of  the  rope  and  fastenings, 
a  number  of  test  pieces,  not  more  than  10%  of  the  total  number  of 
finished  lengths  which  will  ultimately  be  made,  nor  less  than  two 
from  each  original  long  length,  and  not  more  than  12  ft.  long,  shall 
be  cut,  and  shall  have  sockets,  selected  at  random  from  those  which 
are  to  be  used  in  filling  the  order,  attached  to  each  end.  These  test 
pieces  are  to  be  stressed  to  destruction  in  a  suitable  testing  machine. 
Under  this  stress  the  rope  must  develop  the  ultimate  strength  given  in 
Paragraph  118. 
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Length 
of  Rope. 


122. — If,  in  testing',  slipping  in  the  sockets  should  occur,  then  the 
method  must  be  changed  until  slipping  is  avoided.  The  sockets  them- 
selves shall  be  stronger  than  the  rope  with  which  they  are  used;  if 
one  should  break  during  the  test,  then  two  others  shall  be  selected 
and  attached  to  another  piece  of  rope  and  the  test  repeated;  aaid  this 
process  shall  be  continued  until  the  inspector  is  satisfied  of  their 
reliability,  in  which  case  the  lot  shall  be  accepted.  If,  however,  10% 
or  more  of  all  tlie  sockets  tested  break  at  a  load  less  than  the  minimum 
ultimate  strength  of  the  rope,  as  given  in  Paragraph  118,  then  the 
entire  lot  shall  be  rejected. 

123. — The  length  of  each  rope,  from  inside  of  bearing  to  inside  of 
bearing  of  socket,  shall  be  determined,  and  a  metal  tag  having  the 
said  length  stamped  thereon  shall  be  attached  securely  to  the  rope. 

124. — One-third  of  the  wire  rope  connections,  selected  at  random.   Testing  Rope 
shall  be  tested  (after  attachment  to  the  ropes  are  made)  up  to  0.4  of   Connections, 
the  ultimate  strength  of  the  rope.     If  any  connection  is  weak,  the  re- 
mainder of  the  connections  shall  be  tested.     The  weak   connections 
shall  be  rejected  and  replaced.     Not  less  than  four  connections  shall 
be  tested. 

125. — The  manufacturer  shall  provide  proper  facilities  for  making    Facilities  tor 
tlie  tests,   and  shall   make  at  his  own  expense  all  the  tests   required.    "^^  ^^^     ^"^ 
Tests  shall  be  made  in  the  presence  of  an  inspector  who  represents  the 
Engineer. 

12G. — Ropes  shall   be   shipped   in   coils   the   minimum   diameter   of    Shipment  of 
which  is  at  least  thirty  times  that  of  the  ropes,  and  they  shall  be  un-     "P^'° 
coiled  for  use  by  revolving  the  coil,  not  by  pulling- the  rope  away  from 
the  stationary  coil. 


Workmanship. 


127. — For  the  parts  of  the  operating  machinery  of  movable  bridges 
which  are  usually  exposed  to  the  weather,  the  finish  shall  be  confined 
to  the  bearing,  rotating,  and  sliding  surfaces,  and  wherever  it  is  re- 
quired to  produce  accurate  fits  and  precise  dimensions. 

128. — Equalizing  levers  in  rope  connections  shall  be  neatly  finished, 
and  shall  conform  to  the  dimensions  shown  on  the  drawings. 

129. — Castings  shall  be  cleaned,  and  seams  and  other  blemishes 
removed. 

130. — Drainage  holes,  not  less  than  f  in.  in  diameter,  shall  be 
drilled  in   placas  where  water  is  likely  to  collect. 

131. — Untinishcd  l)olts  may  have  a  play  of  ^(.  in.  in  the  bolt  holes. 
Turned  bolts  must  have  the  diameter  of  the  shank  at  least  y\.  in.  larger 
than  the  diameter  of  the  threaded  portion,  and  must  have  a  driving  fit 
in  the  bolt  hole. 

132. — The  backs  of  racks  and  surfaces  in  contact  shall  be  planed. 
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Sheaves. 


Grooves  in 
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Cut  Geaif 
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133. — The  bearing  surfaces,  at  the  junction  of  the  cast  rim  and 
structural  parts  in  built-up  sheaves,  shall  be  planed  to  give  full  con- 
tact throughout  the  circvunference  of  the  sheave. 

134. — The  grooves  in  the  circiunference  of  sheaves  carrying  wire 
ropes  shall  be  turned  to  a  radius  that  will  fit  the  rope.  This  is  to  be 
done  after  the  sheave  is  completely  assembled  and  permanently 
riveted  up. 

135. — The  top  and  bottom  of  the  tread  plates  and  surfaces  in 
contact  in  rolling  bridges  shall  be  planed  to  fit.  A  full  bearing  must 
be  made. 

136. — -The  periphery  and  the  ends  of  teeth  which  mesh  with 
shrouded  teeth  shall  be  planed,  and  the  pitch  line  shall  be  scribed 
thereon. 

137. — Journals  and  trunnions  shall  be  turned  with  a  fillet  where  the 
section  changes.  Journals  shall  have  a  collar  at  each.  end.  Trunnions 
and  joiarnals  8  in.  in  diameter  and  greater  shall  have  a  hole,  li  in. 
in  diameter,  bored  through  on  the  longitudinal  axis.  Journals,  trun- 
nions, and  bushings  must  be  polished  after  being  turned.  The  use 
of  a  cutter  which  trembles  or  chatters  will  not  be  allowed. 

138. — The  joints  between  the  caps  and  bases  of  journal  and  trunnion 
bearings  shall  be  planed.  The  ends  of  the  bases  and  surfaces  in  con- 
tact with  the  supports  shall  be  planed.  Bolt  holes  for  holding  the  cap 
to  the  base  and  for  holding  the  base  to  its  support  shall  be  drilled. 

139. — The  grooves  in  the  surfaces  of  trunnions  or  similar  large 
bearings  shall  be  machine  cut.  Chipping  and  filing  will  be  allowed 
only  for  removing  small  inequalities.  The  grooves  shall  be  smooth, 
especially  the  rounded  corners. 

140. — Hubs  of  wheels,  pulleys,  couplings,  etc.,  shall  be  bored  to  fit 
close  on  the  shaft  axle.  If  the  hub  performs  the  function  of  a  collar, 
the  end  next  to  the  bearing  shall  be  faced.  Holes  in  hubs  of  toothed 
gear  wheels  shall  be  concentric  with  the  pitch  circle. 

141. — The  periphery  of  gear  wheels  shall  be  turned.  Gear  wheels 
and  racks  which  are  part  of  the  train  which  actuates  the  moving 
span  shall  be  cut.  Other  gears,  except  beveled  gears,  shall  be  machine 
moulded. 

142.^ — If  any  moulded  gears  are  shrouded,  chipping  or  other  means 
shall  be  used  at  the  junction  of  the  shrouding  and  teeth  to  insure 
proper  meshing. 

143. — Beveled  gears  shall  be  cut.  The  cutting  shall  be  done  by  a 
planer  having  a  rectilinear  motion  to  and  from  the  apex  of  the  cone. 
Rotating  milling  cutters  shall  not  be  used. 

144. — Threads  on  worms,  and  the  teeth  of  worm  wheels  shall  be 
cut,  and  shall  fit  accurately.     Point  contact  shall  be  avoided. 
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145. — Any  two  surfaces  which  slide,  or  roll,  or  bear  on  each  other, 
shall  be  planed  or  turned  to  fit. 

14G. — Machinery  parts  shall  be  nssenibled  on  the  supporting  mem- 
bers in  the  shop,  and  shall  be  aligned  and  fitted,  and  holes  in  the  sup- 
ports drilled,  and  with  the  members  in  correct  relative  position.  The 
members  shall  be  match-marked,  both  to  the  supports  and  to  each  other, 
and  re-erected  in  the  same  relative  position. 

147. — The  holes  in  the  girders  and  columns  for  the  bolts  connecting 
the  main  sheave  bearings  to  their  supporting  girders  shall  be  drilled 
from  the  solid  through  cast-iron  or  steel  templates  on  which  the  bear- 
ings were  set  and  accurately  lined  when  the  holes  in  the  bearing  were 
bored.  The  bolt  holes  and  the  bolts  shall  be  turned  to  the  same  diame- 
ter, and  the  bolts  shall  be  driven  to  place  without  injury  to  them,  the 
bearings,  the  girders,  or  the  columns. 

148. — Trunnions  shall  be  turned  to  a  diameter  of  ^o  iii-  l^ss  than 
that  of  the  bushing.  Before  shipping,  the  trunnions  shall  be  placed 
in  their  bearings  and  given  two  full  rotations.  If  any  grinding  or 
hard  turning  is  found,  it  must  be  remedied.  The  tests  shall  be  made 
in  the  presence  of  the  Railroad  Company's  inspector. 

149. — Faces  of  flange  and  split  muff  couplings  shall  be  planed  to  fit. 
The  couplings  shall  be  keyed  to  the  shaft. 

150. — A  special  effort  to  secure  good  workmanship  on  keys  and  key- 
ways  shall  be  made. 

151. — Alachined  surfaces  shall  have  a  coating  of  white  lead  applied 
to  them. 

152. — Machinery  which  is  of  the  regular  standard  manufactured 
type,  such  as  steam,  gasoline,  electric  motors,  pumps,  air  compressors, 
etc.,  shall  be  guaranteed  by  the  manufacturer  as  to  efficiency,  and  shall 
be  subject  to  the  approval  of  the  Engineer.  Motors  shall  be  tested  to 
prove  that  they  fulfill  the  specified  requii'cments  and  develop  the  de- 
sired speed,  power,  and  torque. 

153. — The  rating  of  a  prime  mover  shall  be  the  horse-power  deter- 
mined by  the  brake  test. 
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154. — Machinery  parts  shall  be  designed  for  the  normal  loads  iised 
in  determining  the  torque  curves,  using  the  unit  stresses  herein  speci- 
fied. For  the  excess  torque  specified  for  the  prime  mover,  twice  the 
normal  unit  stresses  will  be  allowed.     (178)  (205)  (208). 

155. — If  brakes  act  through  the  machinery,  the  unit  stresses  pro- 
duced by  braking  shall  not  exceed  by  more  than  50%  those  caused  by 
the  normal  torque  of  the  prime  mover. 

156. — The  following  unit  stresses,  in  pounds  per  square  inch,  shall 
be  used  for  parts  in  which  main  stresses  are  not  increased  by  impact : 


Normal  and 
Excess  Loads. 


Braking. 
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Stresses  in  One  Direction. 

Material.  Tension.  Compression.    Fixed  Bearing.       Shear. 

I 
Machiiierv  steel ...    0  400  9  400  —  40  11  000  6  200 

r 

I 

Structural  steel. . .  .   S  500  8  .500  —  36  5  600 

r 

Steel  castings 7  000  S  000  —  35  -  5  000 

r 

Phosplior-bronze .  .    (J  (*)00  4  600 

Cast  iron 3  000  S  000  3  000 

Shear  on  keys.  ...  4  900 

Bearing  on  keys .  .  S  800 

157. — The  maximum  unit  tension  in  plow-steel  cables  shall  be  one- 
sixth    of    ultimate.      The    maximum    unit    tension    is    equal    to    the 
direct  unit  stress  plus  the  extreme  fiber  unit  stress  in  the  individual 
wire  due  to  bending  over  the  sheave. 
Reversal  of  158. — For  stresses  which  are  reversed  at  the  rate  of  ten  or  more 

Stresses.  .  .  i     t  r-      c     i  i 

times  per  minute,  use  one-hali  oi  the  above  unit  stresses. 

159. — If  wire  rope  is  bent  over  a  sheave,  the  bending  stress  and 
permissible  load  on  the  rope  shall  'be  calculated  as  follows : 

Let  P  =^  the  total  pull  or  permissible  load  on  the  rope,  in, pounds; 
K  =  extreme  unit  fiber  stress  in  greatest  individual  wire; 
E  =  modulus  of  elasticity  =  28  500  000 ; 

a  =  cross-sectional  area  of  rope,  in  square  inches ; 

d  =  diameter  of  thickest  wire,  in  inches; 
D  =  diameter  of  sheave  to  center  of  rope,  in  inches; 

S  =  greatest  unit  tension  allowable; 

a  =  angle  of  helical  wire  with  axis  of  strand; 

(S  '=  angle  of  helical  strand  with  axis  of  rope; 

c  =  diameter  of  rope. 

TheniT^g^""^^"^-'^ (1) 

P  =  a    (^-^^^""'^"^""'^)   (2) 

For  rope  having  six  strands  of  nineteen  equal  wires  each, 

/  ,       1  800  000  c\ 

because  cos.^  a  cos.-  6    =.  0.95,  d  =  . 

'  '  15 

160. — For  haulage  rope,  six  strands  of  seven  wires  each,  take  d  =  --. 

161. — If  a  rope  is  in  contact  with  a  sheave  over  a  small  arc,  the 
actual  radius  of  curvature  may  be  greater  than  that  of  the  sheave. 
(See  figure.) 
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Let  R  =  The  actual  radius  of  curvature; 

Q  =  the  angle  between  the  directions  of  the  rope; 
W  =  pull  on  individual  wire,  equal  to  P  divided  by  the  num- 
ber of  wires  if  all  wires  are  of  equal  diameter. 


4  (f-  E 

1  i  cos. 


162. — If  11  is  greater  than  the  radius  of  the  sheave,  2i2  should  be 

used  in  place  of  B  in   Formulas   (1),   (2),  and   (3).     The  formula  is 

only  valid  for  values  of  Q  between  130  and  180  degrees. 

163. — The  strength  of  cut  gear  teeth  shall  conform  to  the  follow-     Strength  of 

.  Gear  'I  e6tli. 

ing  formula,  one  tooth  only  taking  pressure: 

/  0.912  \        GOO 

P  =  /p6  (  0.154 )  — -— ,  111  wlii.li 

\  n      J   600  -f  V 

P  =  pressure  on  tooth,  in  pounds; 

/  =  permissible  unit  stress  =  17  000  lb. ; 

p  =  pitch,   in  inches; 

h  z=  face  or  breadth  of  tooth,  in  inches; 

n  =  number  of  teeth  in  gear; 

V  =  velocity  on  pitcli  circle,  in  feet  per  minute. 

164. — The   strength   of   machine-moulded   teeth   shall  be   calculated 
bj'  the  foregoing  formula,  taking  /  =  15  000  lb. 

165. — The  foregoing  formula  is  for  involute  teeth  having  an  angle 
of  obliquity  equal  to  20  degrees. 

166. — The  pressure,   in  pounds  per  linear  inch,  on  rollers   at   rest    Pressure^ on 
shall  be,  for  rolled  and  cast  steel,  600  d,  where  d  equals  the  diameter 
of  the  roller,  in  inches. 

Unit   Strksses  for  Bearing  on  Rotating  and  Sliding   Surfaces. 

167. — Maximum  bearing  values  for  rotating  and  sliding  surfaces, 

in   pounds   per   square   inch : 

Bearings  on  which  the  speed  is  slow  and  intermittent : 

Pounds  per 
square  inch. 

Trunnion  bearings  on  bascule  bridges:  machinery 
steel  on  phosphor-bronze 1  500 

Wedges:    Cast    steel    on    cast    steel    or    structural 

steel '"iOO 

Screws  whicli  transmit  motion  on  projected  area  of 

thread 200 
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Pounds  per 
square  inch. 

For    ordinarj^    cases,    parts    moving    at    moderate 

speeds :  Hardened  steel  on  hardened  steel 2  000 

Hardened  steel  on  bronze 1  500 

Tool  steel  (not  hardened)  on  bronze 900 

Structural  steel  on  bronze 600 

Cast  iron  on  structural  steel 400 

On  cross-head  slides,   speed  not  exceeding   600  ft. 

per  min '. 50 

168.^ — -In  order  to  prevent  heating  and  seizing  at  higher  speeds,  the 
pressure  on  pivots  or  foot-step  bearings  for  vertical  shafts  and  journals 
shall  not  exceed: 

40  000  .     , 

On  pivots p  ^ ; —  per  square  mch. 

net 

300  000  .     , 

On  lournals p  ^  ; —  per  square  inch. 

n  a 

Where  n  =  number  of  revolutions  per  minute; 

d  =  diameter  of  journal  or  pivot,  in  inches. 

169. — For  crank  pins   and  similar  joints  with   alternating  motion, 

the    limiting    bearing    values    given    in    the    above    formula    may    be 

doubled. 

Stresses  on  170. — Permissible  pressure,  in  pounds  per  linear  inch  of  roller  in 

Rollers.  , . 

motion : 

For  cast  iron   p  =      2Q0d 

For  steel  castings   p  =      400cZ 

For  machinery  steel   p  =      500d 

For  tool  steel   p  =     800d 

For  hardened  tool  steel p  =  l  OOOd 

Where  jj  =  pressure  per  linear  inch  of  roller, 
and  d  =  diameter  of  roller,  in  inches. 

171. — The  foregoing  values  are  for  rollers  and  bearing  surfaces  of 
the  same  material;  if  rollers  and  bearing  surfaces  are  of  diflferent 
materials,  the  lower  value  shall  be  used. 

Power  Equipment. 

General  Requirements. 

172.- — The  kind  of  motor  best  adapted  to   any  particular  case  de- 
pends on  local  conditions,  and  should  be  left  to  the  judgment  of  the 
Engineer, 
."^leehanicai  173. — If   the  bridge   is   operated  by  mechanical   power,   the   motor 

shall  be  of  ample  capacity  to  move  or  turn  the  bridge  at  the  required 
speed.  No  matter  what  mechanical  power  is  used,  all  bridges  shall  also 
be  provided  with  hand-power  operating  machinery. 
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174. — Friction  brakes,  to  be  operated  by  hand  or  foot,  shall  be  pro- 
vided where  the  motor  is  located  in  the  operator's  house.  They  shall 
have  sufficient  capacity  to  stop  or  hold  the  moving  span  in  any  posi- 
tion, under  all  conditions. 

175. — If  mechanical  power  of  any  kind  is  to  be  used  for  operating 
a  movable  bridge,  a  suitable  house  shall  be  provided  for  the  operator. 
The  house  shall  be  of  such  dimensions  as  required  for  the  purpose  for 
which  it  is  to  be  used.  It  shall  be  placed  in  a  position  where  the  opera- 
tor can  observe  the  signals  and  see  the  approaching  vessels  and  trains, 
and  with  enough  windows  of  sufficient  size,  so  that  his  view  will  not 
be  obstructed.  If  the  operator's  house  is  above  or  below  the  floor  of 
the  bridge,  suitable  steel  or  iron  stairs  with  railings  shall  be  provided 
to  lead  from  the  floor  of  the  bridge  to  the  floor  of  the  operating  house. 
The  house  shall  be  of  fire-proof  construction,  consisting  of  a  steel 
frame,  steel  floor  joists  and  a  fire-proof  floor.  If  the  house  contains 
motors  and  machinery,  the  floor  shall  preferably  consist  of  steel  plates, 
but,  if  the  motors  are  located  elsewhere,  the  floor  between  the  joists 
may  be  of  concrete  construction.  The  sides  and  roof  shall  be  of  metal, 
concrete,  or  any  other  non-combustible  material.  The  hand-rail  for 
stairways  and  other  ]jlaces  shall  be  made  of  li-in.  gas  pipe. 

176. — Whenever  climatic  conditions  require  it,  provision  shall  be 
made  for  heating  the  operator's  house.  If  steam  power  is  used,  the 
house  shall  be  heated  by  a  steam  coil  or  radiator  fed  from  the  boiler. 
If  electric  power  is  used,  the  heat  may  be  supplied  by  electricity.  If 
gasoline  is  used,  or  any  other  power  which  cannot  be  utilized  for  heat- 
ing, a  coal,  wood,  petroleum,  or  gas  stove,  as  directed  by  the  Engineer, 
shall  be  provided. 

177. — A  whistle,  having  a  bell  5  in.  in  diameter  and  12  in.  long, 
shall  be  installed  complete.  If  operated  by  air,  the  compressor  and  air 
tank  shall  conform  to  the  following  specifications:  The  compressor 
shall  be  motor  driven,  the  motor  and  ctimpressor  being  on  one  frame, 
and  geared.  All  working  parts  shall  be  completely  enclosed,  and  self- 
lubricating.  The  compressor  shall  have  a  piston  displacement  of  from 
25  to  30  cu.  ft.  per  min.  when  working  against  a  tank  pressure  of  90  lb. 
per  sq.  in.  The  compressor  shall  be  provided  with  strainer,  and  auto- 
matic governor  and  switch,  in  order  that  the  compressor  may  start  and 
stop  automatically  at  any  predetermined  tank  pressure.  The  air  re- 
ceiving tank  shall  be  36  in.  in  diameter  and  8  ft.  long,  or  of  equal 
capacity.  The  tank  shall  be  galvanized,  and  good  for  a  working 
pressure  of  100  lb.  per  sq.  in.  It  shall  be  provided  with  pressure  gang? 
and  pigtail,  pop-valve  and  drain  cock,  and  have  standard  flanges  bushed 
for  li-in.  pipe.  The  Contractor  shall  furnish  all  pipe,  pipe  fittings, 
and  valves,  and  all  shall  withstand  a  working  pressure  of  100  lb.  per 
sq.  in. 

178. — A  prime  mover  shall  be  capable  of  exerting  twice  the  greatest 
torque  shown  on  the  torque  curves  for  the  normal  loads.     (154). 
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Steam 
Seiiarator. 


Boilers. 


Steam  Power. 

steam  Kngine.  179. — If  a  steam  engine  is  used,  it  shall  consist  of  a  double-cylinder, 
reversing  engine,  the  piston  speed  of  which  shall  not  exceed  200  ft. 
per  min.;  it  shall  develop  the  desired  power  and  speed  with  a  steam 
pressure  of  50  lb.  per  sq.  in.  The  engine  shall  be  connected  to  the 
operating  machinery  by  an  approved  friction  clutch,  arranged  so  that 
the  moving  and  locking  machinery  can  be  operated  alternately  or 
stopped  without  stopping  the  engine. 

180. — In  the  steam  supply  pipe,  and  close  to  the  steam  chest,  shall 
be  placed  a  steam  separator.  This  separator,  under  test  with  quality 
of  steam  as  low  as  66%,  shall  show  an  average  efficiency  of  85%  in 
five  tests. 

181. — The  steam  shall  be  generated  by  one  or  two  upright,  tubular 
boilers,  each  of  which  shall  have  twice  the  capacity  of  the  engine.  The 
boilers  shall  be  designed  for  a  steam  pressure  of  150  lb.  per  sq.  in., 
and  adapted  to  the  kind  of  fuel  specified  by  the  Engineer;  they  shall 
be  of  open-hearth  steel,  in  accordance  with  the  specifications  for  boiler 
plates  appended  hereto.  They  shall  be  encased  in  asbestos  and  coverel 
with  Russia  iron. 

182. — The  boilers  shall  also  be  in  accordance  with  the  specifications 
of  the  Mechanical  Department  of  the  Railroad  Company,  and  shall 
conform  to  the  civil  laws. 

183. — Vertical  boilers  shall  have  submerged  flues  at  the  top. 

184. — The  total  horse-power  of  the  boilers  shall  be  twice  that  of  the 
engine,  and  shall  be  computed  by  the  following  rule:  Calculate  the 
inside  area  of  the  tubes,  the  area  of  the  tube  sheet  next  to  the  fire, 
and  the  sides  of  the  fire-box  where  this  is  in  contact  with  the  fire. 
Take  the  sum  of  these  areas  in  square  feet  and  divide  by  fifteen.  The 
intention  is  to  allow  15  sq.  ft.  of  heating  surface  per  horse-power.  At 
least  ^  sq.  ft.  of  grate  surface  shall  be  provided  per  horse-power. 
Equipment  of  185. — The  engine-room  shall  be  provided  with  a  steel  water  tank 
EiiKiiie-Ri.om.  ^^  sufficient  capacity;  a  duplex,  steam  feed-pump;  and  an  injector  for 
each  boiler,  with  necessary  pipes  and  connections  for  feeding  boilers 
separately  or  together;  steam  water-lifters  with  necessary  strainers, 
flexible  hose,  and  piping  to  lift  the  water  from  the  river  into  the  tank; 
a  coal  hoist  and  a  steel  coal-bin  of  sufficient  capacity.  The  engine- 
room  shall  be  provided  with  a  suitable  indicator  for  recording  the  posi- 
tions of  the  moving  span  in  turning  and  locking. 


Flues  of 

Boilers. 

Horse-p'iwer 

of  Boilers. 


Gasoline 
Motor,  etc. 


Internal-C omhustion  Engines. 
186. — If  an  internal-combustion  engine  is  used,  one  of  the  most 
substantial  kind  shall  be  selected,  the  maximum  piston  speed  of  which 
shall  not  exceed  500  ft.  per  min.  The  engine  shall  have  a  reversing 
gear  provided  with  approved  friction  clutches,  to  be  operated  by  a 
hand-wheel.     The  countershaft  connecting  the  engine  with  the  operat- 
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incr  mnehinery  shall  he  provided  with  disenf;ap:ing  couplinprs,  arranged 
so  that  the  moving  and  looking  niachinory  can  be  operated  alternately 
and  in  either  direction  withont  stopping  the  engine.  Motors  of  10  h.p. 
or  more  shall  be  started  by  compressed  air.  The  fuel  tank  shall  be 
located  outside  of  the  engine-house.  The  engine-room  shall  be  pro- 
vided vs'ith  indicators  for  recording  the  positions  of  the  moving  span, 
and  lifting  and  locking  apparatus. 

187. — For  bridges  which  are  to  be  opened  at  intervals  of  10  min. 
or  less,  and  about  six  times  per  hour,  the  engine  shall  be  water-cooled. 
For  longer  intervals,  the  engine  shall  be  air-cooled.  For  this  purpose, 
the  outside  cylinder  shall  have  deep  flanges  about  which  a  forced  circu- 
lation of  air  is  maintained  by  a  fan. 

188. — The  ignition  shall  be  of  the  jump-spark  kind  in  which  the 
secondary  coil  is  made  up  on  each  spark  plug  as  part  of  it,  so  that  a 
low  voltage  current  of  not  more  than  10  volts  will  be  sufficient. 

189. — Two  extra  igniters  and  two  extra  crank-pin  brasses  shall  be  Extra  Part 
furnished. 

Electric  Equipment. 


En};ine 
Cooling. 


Ignition. 


190. — The  electric  equipment  shall  conform  to  the  Standardization 
rules  of  the  American  Institute  of  Electrical  Engineers,  as  adopted 
June  21st,  1907,  or  subsequent  revisions. 

191. — The  National  Electric  Code  shall  apply  to  the  electric  con- 
struction and  installation,  except  as  may  be  noted  hereinafter. 

192. — The  quality  of  the  wires  and  insulation  shall  conform  to  the 
specifications  of  the  Railway  Signal  Association,  as  revised  and 
adopted  October,  1911.  (See  Volume  8  of  the  Proceedings  of  that 
Association.) 

193. — Any  motor  under  test  shall  develop  the  required  horse-power 
and  torque  at  the  armature  shaft.  Characteristic  curves  showing  the 
results  of  the  test  shall  be  furnished  by  the  manufacturer. 

194. — Motors  shall  be  tested  for  one-half  their  normal  voltage  be- 
tween the  brushes.     An  efficiency  curve  shall  be  shown. 

lito. — Motors,  generators,  automatic  circuit  breakers,  solenoids, 
brakes,  and  other  electric  mechanism  shall  be  tested  at  the  factory 
by  the  manufacturer  in  the  presence  of  the  Railroad  Company's 
inspector. 

196. — If  the  motor  is  enclosed  in  a  case,  as  mill  motors  are,  small 
openings  of  sufficient  size  shall  be  provided  in  the  case  for  the  inspec- 
tion, removal,  and  replacing  of  brushes. 

197. — One  cast-steel  cut  gear,  bored  and  key-seated  for  attachment 
to  the  countershaft,  shall  be  furnished  with  the  motor.  The  gear  and 
pinion  shall  be  covered  by  a  sheet-steel  or  malleable-iron  split  gear 
case,  supported  by  the  motor  frame  and  completely  covering  the  gear 
and  pinion.     An  opening,  with  a  hinged  cover,  shall  be  provided   in 


A.  1.  E.  E. 

Rules. 


N.  E.  C. 


Wires  and 
Insulation. 


Tests. 


502      REVISED  SPECIFICATIONS  :   MOVABLE  RAILROAD  BRIDGES      [Papers. 


Motor 
Pinions. 


Spare  Motor 
Parts. 


Mounting 
Motors. 


Housing  of 
Motors. 


D.  C.  Jlotor. 


Testing  of 
Motors. 


Excess  Motor 
Loads. 
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the  gear  case  for  inspection  and  oiling.  The  gear  ratio  shall  be  such 
that  the  full  speed  of  the  countershaft  will  not  be  more  than  125  rev. 
per  min. 

198. — Motors  shall  have  a  forged-steel  cut  pinion,  out  of  one  piece, 
keyed  to  the  end  of  the  armature  shaft  and  secured  by  a  lock-nut. 

199. — For  each  size  of  motor  furnished,  the  Contractor  shall  sup- 
ply the  following  spare  parts :  One  armature,  one  field  coil,  one  pinion, 
one  gear,  and  one  set  of  brushes.  These  parts  shall  be  finished  and 
fitted  in  such  a  manner  as  to  admit  of  being  installed  in  their  re- 
spective places  without  further  fitting  or  adjustment. 

200. — The  motors  shall  be  mounted  in  such  a  manner  as  to  admit 
of  easy  access  for  inspection  and  repairs;  they  shall  be  supported 
securely  by  brackets  or  suitable  foundations. 

201. — If  the  machinery  and  motors  are  on  the  moving  span,  they 
shall  be  capable  of  being  operated  satisfactorily  in  any  position  of 
the  span. 

202. — Motors  must  be  housed  in  weather-proof  metal  housing.  This 
housing  must  be  large  enough  to  allow  the  inspection  and  oiling  of  the 
motor.  It  must  be  readily  removable  so  that  access  to  the  motor  may 
be  obtained.  No  metal  in  this  housing  shall  be  less  than  No.  16,  U.  S. 
Standard,  gauge;  it  shall  be  galvanized. 

203. — Direct-current  motors  and  generators  shall  be  of  the  railway 
series,  or  mill,  interpole  type,  water-proof,  with  slotted-drum  armature 
and  form-wound  armature  coils.  They  shall  be  of  a  standard  com- 
mercial type  in  common  use. 

204. — The  rating  of  a  direct-current  motor  is  the  horse-power  out- 
put at  the  armature  shaft  which  gives  a  rise  of  temperature  above  the 
surrounding  air  (referred  to  a  room  temperature  of  25°  cent.)  not 
exceeding  90°  cent,  at  the  commutator  and  75°  cent,  at  any  other 
part  after  a  continuous  run  of  1  hour  at  its  rated  voltage,  on  a  stand 
with  the  motor  covers  removed  and  with  natural  ventilation.  The 
rise  in  temperature  is  to  be  determined  by  thermometer,  but  the  resist- 
ance of  no  electric  circuit  in  the  motor  shall  increase  more  than  40% 
during  the  test. 

205. — Direct-current  motors  shall  be  capable  of  exerting  continu- 
ously for  two  cycles  twice  the  normal  torque  shown  on  the  torque 
curves  for  the  moving  span  and  machinery.  One  cycle  is  an  opening 
and  closing  of  the  bridge  in  a  specified  time.     (154)  (224)   (226). 

206. — Alternating-current  motors  shall  be  of  the  three-phase,  in- 
duction type,  with  slip-rings,  rotor-wound,  25  or  60  cycles,  and  220 
or  440  voltage,  unless  otherwise  specified.  The  resistance  for  varying 
the  speed  shall  be  in  series  with  the  rotor  circuit,  and  be  such  as  to 
affect  evenly  all  three  phases.  Motors  of  5  h.p.  or  less  may  be  of  the 
squirrel-cage  type. 

207. — Alternating-current  motors  shall  show,  in  a  run  for  heat 
test,   tlie   following  maximum   temperature   rises   above   25°    cent,   for 
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the  siirroiiiuling  room:  for  continuous  run  under  a  nominal  load, 
40°  fcnt. ;  for  2  hours'  run  under  25%  overload  and  a  1  min.  run 
under  oO^o  overload  55"  cent. 

20S. — Alternating-current  motors  shall  he  of  rugged  construction. 
The  sum  of  the  starting  torques  of  the  motors  shall  be  at  least  equal 
to  twice  the  greatest  torque  shown  by  the  torque  curves  for  the  bridge 
operating  machinery.  The  pull-out  torque  shall  be  at  least  equal  to 
U  times  the  starting  torque.     (154)  (224)   (226). 

209. — The  controllers  for  motors  shall  be  located  in  the  operating- 
house.  The  controllers  shall  be  of  the  reversing  drum  type,  or  flat 
type,  with  magnetic  blow-out,  and  shall  be  capable  of  varying  and 
maintaining  the  speed  of  the  motors  throughout  the  entire  range  de- 
sired, without  injurious  sparking,  and  without  shock  due  to  sudden 
variation  in  speed.  The  controllers  shall  be  capable  of  doing  their 
work  for  the  usual  loads,  and  excess  loads,  that  may  come  upon  the 
motors,  with  a  temperature  rise  not  exceeding  that  specified  for  the 
motors. 

210. — The  controller  shall  have  a  sufficient  number  of  notches  or 
steps,  such  that  the  minimum  or  maximum  motor  torque  will  not 
differ  by  more  than  10%  from  the  average  torque  required  for  uni- 
form acceleration. 

211. — One  controller  shall  be  furnished  for  the  operation  of  the 
main  motors,  one  for  rail-lock  motors,  and  one  for  bridge-lock  motor. 
These  controllers  shall  be  designed  so  that  the  operation  of  any  motor 
can  be  cut  out  by  pulling  a  switch  on  the  switch-board,  without  affect- 
ing the  operation  of  any  of  the  other  motors. 

212. — The  controllers  for  the  two  main  motors,  if  for  direct  cur- 
rent, shall  be  of  the  series-parallel  type;  or  of  the  type  in  which  the 
field  is  varied,  as  may  be  done  for  the  interpole  type  of  motor. 

213. — The  control  of  motors  shall  be  electrically  interlocked  with 
each  other  and  with  the  signal  system,  and  the  bridge  shall  be  con- 
trolled in  such  a  way  that  the  end-locks  cannot  be  released  until  the 
signals  have  gone  to  danger  position  and  the  derails  are  set;  and  the 
bridge  motor  cannot  be  started  until  the  end-locks  have  actually  been 
released.  In  closing  the  bridge,  the  control  shall  be  such  as  to  make 
it  impossible  for  the  operator  to  move  the  end-locks  until  the  bridge 
has  been  completely  closed,  or  to  set  the  signals  at  safety  until  the 
bridge  has  been  closed  and  the  end-locks  are  in  place. 

214. — For  currents  too  large  for  the  usual  type  of  controller,  the 
motor  circuits  shall  be  made  by  contactors  mounted  on  panels  or 
frames.  These  contactors  shall  be  operated  by  solenoids  which  are 
controlled  by  a  master  controller. 

215. — For  large  structures,  automatic  control  may  be  used,  but  this 
is  too  complicated  to  be  covered  by  a  specification.  This  should  be 
taken  up  for  special  consideration  with  the  Engineer. 


504      REVISED  specifications:   movable  railroad  bridges      fPapers. 


Resistance. 


Electric 
Brakes. 


Emergency 
Brakes. ' 


Automatic 
Cut-offs. 


216. — Resistances  shall  be  of  the  cast-grid  type,  and  of  such  ca- 
pacity that  the  motor  can  be  operated  continuously  at  any  point  of 
the  controller  when  developing  full-load  torque,  or  for  10  min.  when 
developing  50%  over-load  torque,  without  sufficient  rise  in  temperature 
of  the  resistance  to  cause  deterioration  of  any  part.  The  resistance 
shall  be  mounted  so  as  to  admit  of  free  ventilation  and  be  withotit  in- 
jurious vibration. 

217. — The  main  operating  motors,  rail-lock  motors  and  bridge-lock 
motors  shall  be  provided  with  approved  post  brakes  which  are  held  in 
set  position  by  a  spring  with  such  force  as  to  overcome  not  less  than 
50%  of  the  maximum  torque  required.  The  friction  surfaces  are  to 
be  of  materials  not  affected  by  moisture.  The  brakes  are  to  be  released 
by  solenoids  of  ample  power  and  heating  capacity  whenever  the  motors 
are  taking  current,  and  are  to  be  set  automatically  whenever  the  cur- 
rent fails  or  is  cut  off  from  the  motors.  Water-proof  motors  shall  be 
provided  with  water-proof  solenoids.  Brakes  shall  be  provided  with  a 
foot-switch  release  for  coasting  purposes.  Means  shall  be  provided  for 
mechanically  releasing  the  brakes  when  the  bridge  is  to  be  operated  by 
hand  or  other  equipment. 

218. — An  additional  emergency  brake  shall  be  provided  and  applied 
to  the  main  operating  machinery.  This  shall  be  released  by  solenoids 
or  motors  which  shall  hold  the  brake  in  release  as  long  as  the  current 
is  applied  to  the  brake  motor.  Cutting  off  the  current  from  the 
solenoids  or  motors,  or  any  failure  of  current,  will  result  in  the  in- 
stantaneous application  of  the  brake.  This  brake  will  be  normally  set, 
but  will  be  released  by  the  operator  before  starting  the  bridge,  and  be 
held  in  release  during  the  entire  operation  unless  an  emergency  con- 
dition arises  requiring  brake  power  in  excess  of  that  offered  by  the 
motor  brakes,  in  which  case  it  may  be  instantly  applied  by  the  opera- 
tor. After  the  bridge  has  been  closed  and  traffic  has  been  resumed,  this 
brake  will  again  be  applied.  This  portion  of  the  equipment  shall  be 
designed  so  that  it  will  not  be  injured  if  left  in  release  indefinitely. 
Proper  means  shall  be  provided  for  releasing  the  brake  mechanically 
when  the  bridge  is  to  be  operated  by  hand  or  emergency-power 
equipment. 

219. — The  emergency  brake  circuit  shall  be  independent  of  the  gen- 
eral interlocking  system,  and  there  shall  be  a  mechanical  interlocking 
device  which  will  prevent  the  main  leaf  motors  and  the  emergency 
brake  from  being  used  one  against  the  other. 

220. — The  emergency  brake  switch  shall  be  attached  to  the  con- 
troller stand  within  easy  reach  of  the  operator,  and  proper  labels  shall 
be  placed  back  of  the  switch  handle  to  indicate  "Set"  and  "Released" 
positions  of  the  brake. 

221. — An  automatic  cut-off  or  short-circuiting  device  shall  be  pro- 
vided which  will  throw   out  the  circuit  breakers,  cut  off  the  current 
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from  the  operating  motors,  and  set  their  brakes  when  the  bridge  is 
5°  from  its  open  jjosition,  and  its  closed  position.  Spring  switches 
shall  be  provided  which,  if  closed  and  held  closed,  will  put  the  cut- 
offs out  of  commission  and  thus  enable  the  bridge  tender  fully  to  close 
or  open  the  bridge. 

222. — The  bridge-lock  motors,  and  rail-lock  motors,  shall  be  stopped 
and  the  brakes  set  automatically  at  each  end  of  the  travel. 

233. — Switches  shall  be  designed  to  carry  not  more  than  900  amperes 
per  sq.  in.  of  cross-sectional  capacity. 

224. — Electrical  parts,  such  as  wires,  switches,  etc.,  shall  be  designed 
for  the  currents  which  are  needed  for  the  excess  torques  in  motors. 
(205)   (208). 

225. — Ground  connections  of  ample  area  shall  be  provided. 

226. — Circuit  breakers  and  fuses  shall  be  designed  to  act  when  the 
current  exceeds  2^  times  the  current  required  in  the  motors  to  exert 
their  greatest  normal  torque  and  horse-power  for  the  specified  time. 
(205)    (208). 

227. — Enclosed  fuses  shall  be  used. 

228. — No  wire  smaller  than  No.  10,  B.  &  S.  gauge,  stranded  wire, 
shall  be  used. 

229. — Wires  when  installed  shall  be  permanently  tagged  and  num- 
bered so  that  any  wire  can  be  traced  from  the  switch-board  to  the  mo- 
tors, and  to  the  source  of  power. 

230. — The  feeders  shall  be  protected  by  a  pole-switch  fuse  and  light- 
ning arrester  mounted  on  a  non-combustible  and  non-absorbent  insulat- 
ing base. 

231. — A  switch,  of  the  quick-break  type,  shall  be  provided  for  each 
supply  wire.  Each  motor  circuit  and  each  light,  signal,  indicator,  or 
other  circuit,  shall  be  provided  with  switches  which  are  approved  by 
the  Railroad  Company's  Engineer.  The  switches  shall  be  mounted  on 
an  enameled  slate  panel  switch-board  (not  less  than  IJ  in.  thick,  and 
free  from  metallic  veins,  or  flaws)  in  the  operator's  house.  The  switch- 
board shall  be  large  enough  to  carry  the  meters,  switches,  cut-outs, 
fuses,  etc.  Switches,  cut-outs,  buttons,  etc.,  shall  be  provided  with 
plates  designating  their  use. 

232. — An  automatic  circuit  breaker  shall  be  placed  on  the  switch- 
board in  the  operating  motor  circuit  of  the  bridge.  Each  line  to  the 
motor,  each  line  to  the  electric  brakes,  and  each  lighting,  signal,  indi- 
cator, or  other  circuit,  shall  be  protected  by  enclosed  fuses. 

233. — Automatic  circuit  breakers  shall  be  placed  near  the  top  of  the 
switch-board,  with  the  other  instruments  below. 

234. — Any  circuit  whatsoever  shall  be  protected  by  fuses,  circuit 
breakers,  or  equivalent  devices,  which  will  insure  the  excessive  cur- 
rent being  cut  off  before  any  parts  are  damaged. 
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LitihtQing  235. — Lightning-  arresters  shall  be  placed  as  near  as  practicable  to 

the  parts  to  be  protected,  and  away  from  combustible  material. 
A  No.  4,  B.  &  S.  gauge,  wire  should  be  used  for  the  connections;  this 
wire  should  run  in  a  straight  line  to  a  ground  plate,  and  not  be  con- 
nected to  any  structural  parts.  To  avoid  inductive  resistances,  the 
wire  should  not  run  through  a  conduit.  If  a  choke-coil  is  used,  it 
should  be  thoroughly  insulated  from  the  ground  and  other  conductors. 
Short  236. — The  connections  of  parts  in  contact  with  track  shall  be  such 

Circuiting,     ^g  ^^  allow  no  short  circuiting  of  track  signals. 

Protection  237. — Electric  contacts  shall  be  protected  from  the  weather  or  ac- 

of   Klectric  i    ,.  i-     t    i. 

Contacts       cumulations  ol  dirt. 
Coils.  238. — Coils  shall  be  impregnated. 

Solenoids,  etc.        239. — Solenoids  and  electrically-operated  brakes  shall  be  housed. 
Indicators.  240. — The   Contractor   shall   provide   and   install   electric  light   in- 

dicators for  the  purpose  of  showing  the  operator  the  various  positions 
of  the  bridge,  especially  the  fully  open,  entirely  closed,  nearly  open, 
and  nearly  closed  positions  of  the  bridge,  and  fully  closed  and  fully 
open  positions  of  the  rail-lock  and  bridge-locks. 
Volt  Meter,  etc.  241. — A  volt  meter,  ammeter,  and  watt  meter  shall  be  provided  on 
the  switch-board. 
Ground  242. — The  switch-board  shall  be  furnished  with  one  2-c.p.  lamp  for 

detecting  ground,  and  a  2-c.p.  lamp  for  illuminating  the  ammeter  and 
volt  meter  scales. 
Lamps  for  243.- — In  the  operator's  house  shall  be  placed  ten  16-c.p.  lights,  and 

additional  lights  about  the  machinery  and  such  other  lights  as  the 
Engineer  may  direct.  For  all  lights  in  the  house  above  ten  in  num- 
ber, the  Railroad  Company  will  pay  the  regular  market  price  or  fur- 
nish them  to  the  Contractor. 

244. — Lights  of  16-c.p.  shall  be  placed  outside  at  the  head  and  foot 
of  stairways  or  similar  paths. 

245. — All  lights  in  the  house  shall  have  tungsten  filaments.     Out- 
side lights  shall  have  weather-proof  sockets. 
Channel  246. — The    Contractor   shall    furnish    warning    and    channel    lights 

'^    ''■       and  signals,  in  accordance  with  the  U.   S.  Government  requirements, 
or  other  harbor  requirements.     The  Railroad   Company  will   furnish 
a  copy  of  the  U.  S.  Government  regulations. 
Railroad  247. — -The   Company   will   furnish   and   install   the  railroad   signal 

igna  ^>s  •''"•  gyg^gj^^  ^IgQ  ^lyQ  master  lever  and  all  necessary  devices  controlling 
the  interlock  between  this  signal  system  and  the  bridge  as  a  whole. 
The  Contractor  shall  furnish  and  install  the  necessary  devices  for  inter- 
locking the  various  parts  of  the  bridge  with  each  other  and  for  con- 
nections to  the  Company's  master  lever. 

248. — Emergency  switches  shall  be  provided  which  will  free  the 
various  motors  from  the  interlocking,  in  emergencies.  These  switches 
shall  be  mounted  on  the  switch-board,  but  covered  by  a  sealed  glass 
case. 
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249. — Unless  the  current  supply  is  taken  from  more  than  one  Current 
source,  it  shall  be  conducted  to  the  switch-board  in  two  indei)endent  ' "''''  ^' 
conductors,  one  for  the  supply,  and  one  for  the  return  current. 

250. — Submarine  cables,  if  needed,  will  be  furnished  and  laid  by  the    submarine 
Kailroad  Company.  '^^^'^^• 

251. — If  wires  are  to  be  placed  in  conduits,  the  conduits  shall  be      Conduits 
of  ample  size,  sherardized,   or  loricatcd  on  the  inside.     No  wire  less  ^^L^l^^wi^, 
than  No.  12,  B.  &  S.  gauge,  shall  be  used. 

252. — Conduits  shall  be  of  sufficient  size  to  allow  the  wires  to  be  Conduiets  and 
easily  drawn  in.    No  joints  are  to  be  made  inside  of  a  conduit.    Condu-     ^*^^^^^y      ^■ 
lets  and  factory  ells  shall  be  used.     Conduiets,  ells,  and  conduits  shall 
be  sherardized,  or  loricated  inside. 

Specifications  for  Special  Metals  Used  for  Machinery  Parts. 
Steel  Castings. 

253. — Steel  for  castings  may  be  made  by  the  open-hearth  or  crucible     Qualities  of 
process.  «^«*^'  ^'^stings. 

254. — All  castings  shall  be  annealed,  unless  otherwise  specified. 

Phosphorus  0.05%  maximum. 

Sulphur   0.05%  maximum. 

255. — Minimum  physical  qualities,  as  determined  on  a  standard 
test  specimen  of  i  in.  diameter  and  2  in.  gauged  length : 

Tensile  strength,  in  pounds  per  square  inch 70  000 

Elongation  :  percentage  in  2  in 18 

Contraction  of  area:  percentage 25 

256. — A  test  to  destruction  may  be  substituted  for  the  tensile  test, 
in  the  case  of  small  or  unimportant  castings,  by  selecting  three  cast- 
ings from  a  lot.  This  test  shall  show  the  material  to  be  ductile, 
free  from  injurious  defects,  and  suitable  for  the  purpose  intended. 
A  lot  shall  consist  of  all  castings  from  the  same  melt  or  blow,  annealed 
in   the  same  furnace  charge. 

257. — Castings  shall  be  true  to  pattern,   and  free  from  blemishes.       Flaws  in 
flaws,   or  shrinkage   cracks.     When  the  bearing   surface   of   any  steel      Castings, 
casting  is  finished,  there  shall  be  no  visible  blow-holes  exceeding  1  in. 
in  any  direction,  nor  exceeding  1  sq.  in.  in  area.     The  length  of  blow- 
holes cut  by  any  straight  line  laid  in  any  direction  shall  never  exceed 
1   in.  in  any  1  ft. 

258. — No  blow-hole  exceeding  one-half  the  above  dimensions  and  Biow-Holes  in 
area  will  be  allowed  in  any  gear  tooth,  or  in  the  rim  at  the  root  of  the  ^^^*'  ^^^^®'s- 
teeth. 

250. — The  correction  of  defects  in  castings,  by  welding  electrically  Electric 
by  thermit  or  by  similar  processes,  will  not  be  allowed.  ^^  eidmg. 

2G0. — Large   castings   shall  be   suspended   and  hammered   all   over.      Testiug  of 
No    cracks,    flaws,     defects,     or    weakness    shall     appear     after    such       ca^tmgs 
treatment. 
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261. — A  specimen  (1  in.  by  i  in.)  shall  bend,  cold,  around  a  diame- 
ter of  1  in.,  through  an  angle  of  90°,  without  fracture  on  the  outside 
of  the  bent  portion. 

262. — The  number  of  standard  test  specimens  shall  depend  on  the 
character  and  importance  of  the  casting.  A  test  piece  shall  be  cut, 
cold,  from  a  coupon  to  be  moulded  and  cast  on  some  portion  of  one 
or  more  castings  from  each  melt  or  blow,  or  from  the  sink-heads  (in 
case  heads  of  sufficient  size  are  used).  The  coupon  or  sink-head  must 
receive  the  same  treatment  as  the  casting  or  castings,  before  the  speci- 
men is  cut  out,  and  before  the  coupon  or  sink-head  is  removed  from  the 
•  casting. 

263. — Turnings  from  the  tensile  specimen,  or  drillings  from  the 
bending  specimen,  or  drillings  from  the  small  test  ingot,  if  preferred 
by  the  inspector,  shall  be  used  to  determine  whether  or  not  the  steel 
is  within  the  limits  in  phosphorus  and  sulphur  specified  in  Paragraph 
254  concerning  chemical  properties. 

Steel  Forgings. 
Qualities  of  264. — Steel  forgings  may  be  made  by  the  open-hearth  or  crucible 

Steel  Forgings. 

process : 

Phosphorus    0.04%  maximum. 

Sulphur   0.05%  maximum. 

265. — Minimum  physical  properties  as  determined  on  a  standard 
turned  test  specimen  of  i  in.  diameter  and  2  in.  gauged  length. 

266. — Tensile  strength,  in  pounds  per  square  inch,  85  000  to  65  000. 
Elongation :  percentage  in  2  in 28 

A  specirden  (1  in.  by  ^  in.)  shall  bend,  cold,  180°,  around  a  diame- 
ter of  h.  in.,  without  fracture  on  the  outside  of  the  bent  portion.  The 
bending  may  be  effected  by  pressure  or  by  blows. 

267. — The  number  and  location  of  the  test  specimens  to  be  taken 
from  a  melt,  blow,  or  forging  shall  depend  on  their  character  and  im- 
portance, and,  therefore,  mitst  be  regulated  by  individual  cases.  The 
test  specimens  shall  be  cut,  cold,  from  the  forging,  or  full-sized  pro- 
longation of  the  same,  parallel  to  the  axis  of  the  forging  and  half  way 
between  the  center  and  the  outside;  the  specimens  shall  be  longitudi- 
nal, i.  e.,  the  length  of  the  specimen  shall  correspond  with  the  direction 
in  which  the  metal  is  most  drawn  out  or  worked.  When  forgings  have 
large  ends  or  collars,  the  test  specimens  shall  be  taken  from  a  pro- 
longation of  the  same  diameter  or  section  as  that  of  the  forging  back 
of  the  large  end  or  collar.  In  the  case  of  hollow  shafting,  either  forged 
or  bored,  the  specimen  shall  be  taken  within  the  finished  section  pro- 
longed, half  way  between  the  inner  and  outer  surfaces  of  the  wall  of 
the  forging. 

268. — Turnings  from  the  tensile  specimen,  or  drillings  from  the 
bending  specimen,  or  drillings  from  the  small  test  ingot,  if  preferred 
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by  the  inspector,  shall  be  used  to  determine  whether  or  not  the  steel 
is  within  the  limit  in  chemical  composition. 

269. — Forgings  shall  be  free  from  cracks,  flaws,  seams,  or  other 
injurious  imperfections,  and  shall  conform  to  the  dimensions  shown 
on  the  drawings  furnished  by  the  purchaser,  and  shall  be  made  and 
finished  in  a  workmanlike  manner. 

270. — All  forgings  shall  be  annealed. 

Machinery  Steel. 
271. — Machinery  steel  shall  be  made  by  the  open-hearth  or  crucible     Qnalitiesof 

Machinery 

process.  steel. 

Phosphorus 0.05%  maximum. 

Sulphur 0.05%  maximum. 

272. — Minimum  physical  properties,  as  determined  on  a  standard 
turned  test  specimen  of  ^  in.  diameter  and  2  in.  gauged  length: 

Tensile  strength,  in  pounds  per  square  inch 80  000 

Elongation  :  percentage  in  2  in 20 

273. — A  specimen  (1  in.  by  i  in.)  shall  bend,  cold,  180°,  around 
a  diameter  of  IJ  in.,  without  fracture  on  the  outside  of  the  bent  por- 
tion.    The  bending  tests  may  be  made  by  pressure  or  by  blows. 

274. — Turnings  from  the  tensile  test  specimens,  or  drillings  from 
the  small  test  ingot,  if  preferred  by  the  inspector,  shall  be  used  to  deter- 
mine whether  the  melt  is  within  the  limits  in  chemical  composition. 

Boiler  Plates. 

275. — The  steel  used  for  boilers  and  fire-boxes  shall  be  made  by  the    Qualities  of 
1  , ,  Boiler  Plate 

open-hearth  process.  steel. 

Phosphorus 0.04%  maximum. 

Sulphur 0.04%  maximum. 

276. — The  physical  properties  required  shall  be  as  follows: 

Tensile  strength  desircnl,  in  pounds  per  square  inch..  .60  000. 

.       .  1  500  000 

Elongation :  inininnun  i^ercentage  in  S  ni.  =^  -— — — - 

"  L  Itimate  strength. 

Character  of  fracture Silky. 

Cold  bends,  without  fracture 180°  flat. 

277. — The  ultimate  strength  shall  come  within  4  000  lb.  of  that 
desired. 

278. — Chemical  determinations  of  the  percentages  of  carbon,  phos- 
phorus, sulphur,  and  manganese,  shall  be  made  by  the  manufacturer 
from  a  test  ingot  taken  at  the  time  of  the  pouring  of  each  melt  of 
steel,  and  a  correct  copy  of  each  analysis  shall  be  furnished  to  the 
Engineer  or  his  inspector.  A  check  analysis  shall  be  made  from  the 
finished  material,  if  called  for  by  the  purchaser,  in  which  case  an 
excess  of  25%  above  required  limits  will  be  allowed. 
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279. — Specimens  for  tensile  and  bending  tests  for  plates  shall  be 
made  by  cutting  coupons  from  the  finished  product,  which  shall  have 
both  faces  rolled^,  and  both  edges  milled  to  the  usual  form  of  the  stand- 
ard test  specimen,  IJ  in.  wide  on  a  gauged  length  of  at  least  9  in.;  or 
with  both  edges  parallel. 

Nickel  Steel  for  Machine  Parts. 
280. — Nickel  steel  shall  be  made  by  the  open-hearth  process. 

Plates,  shapes,  Rivets, 

and  bars. 

Phosphorus  shall  not  exceed 0.04%  0.04% 

Sulphur 0.05%  0.04% 

Nickel,  not  less  than 3.00%  3.25% 

28]. — The  physical  properties  required  shall  be  as  follows: 

Plates,  shapes,  bars,  and  forg-  Rivets. 

in2:s.  Pounds  per  square  inch. 
Minimum. 

Tensile   strength 80  000  GO  000    to    70  000 

Elastic  Hmit 50  000  40  000     niiuiinum. 

Elongations  :   percentage  in  S   in.,  for  plates,  shapes,  bars,  and 

1  600  000 

forcings :  and  also  lor  rivets  =  -^- =  nnnunum. 

L  Itnuate  strength 

Elongation:  percentage  in  2  in.  for  forgings  =  25. 

282. — Specimens  cut  from  forgings  (1  in.  by  J  in.)  shall  bend, 
cold,  180°,  around  a  diameter  of  1  in.,  without  fracture  on  the  outside 
of  the  bent  portion. 

283. — Specimens  cut  from  plates,  shapes,  and  bars  shall  bend,  cold, 
180°,  around  a  diameter  of  three  times  their  thickness,  without  fracture 
on  the  outside  of  the  bent  portion. 

284. — Each  rivet  rod  shall  bend  180°,  flat,  on  itself,  without  frac- 
ture on  the  outside  of  the  bent  portion. 
285.^ — Rivet  rods  shall  be  tested  as  rolled. 

286. — The  fracture  of  all  tension  tests  shall  show  a  fine  silky  tex- 
ture,  of   a    uniform    bluish   gray   or    dove   color,   free   from   black    or 
brilliant  specks,  and  shall  show  no  sign  of  crystallization. 
287. — All  nickel-steel  forgings  shall  be  properly  annealed. 
288. — Annealed    eye-bars    and    similar    members,    when    full-sized 
[jieces  are  tested,  shall  comply  with  the  following  requirements : 
Minimum  ultimate  tensile  strength,  in  pounds  per 

square  inch 75  000 

Minimum  elastic  limit,  in  pounds  per  square  inch.  .  45  000 
Minimum  elongation  in  10  ft.,  including  fracture.  .  12% 
The  fracture  shall  be  mostly  silky,  and  free  from 

crystals. 
Full-sized  pieces   shall  bend,  cold,   180°,   around  a 
diameter    of    twice    their    thickness,    without 
fracture. 
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Tool  steel. 

289. — Tool  steel  rs  generally  used  for  parts  which  reiiuire  hardening    Qualities  of 
or  oil   tempering,   such   as   pivots,   friction    rollers,   ball-bearings,    and 
springs. 

290. — Tool  steel  shall  be  made  by  the  open-hearth  or  crucible 
process. 

Carbon 1.00%  minimum. 

Phosphorus   0.04%  maximum. 

Sulphur   0.04%  maximum. 

Manganese 0.50%  maximum. 

Phosphor-Bronze. 
291. — Special  phosphor-bronze  shall  be  used  for  high  pressure  and     Qp^'^*'?f*^* 

slow  speed.  Bronze. 

292. — Phosphor-bronze  shall  be  a  copper-tin  alloy.  The  phosphorus 
shall  not  exceed  1  per  cent.  Other  alloys,  up  to  one-half  of  1%,  will 
be  permitted,  except  that  no  sulphur  will  be  allowed. 

Compression : 

Elastic  limit,  in  pounds  per  square  inch.  .19  000  to  2.3  000 
Permanent    set,     under     100  000    lb.,     in 

inches 0.12  to       0.16 

293. — The  compression  is  to  be  made  on  a  cylinder  having  a  height 
of  1  in.  and  an  area  of  1  sq.  in.  The  elastic  limit  is  to  be  the  load 
which  gives  a  permanent  set  of  0.001  in. 

Tension : 

The  yield  point,  ultimate  strength,  and  elongation  in  2  in.  are 
to  be  recorded.  The  tension  specimen  is  to  have  a  diameter 
of  i  in. 

294. — For  every  heat,  at  least  two  tests  shall  be  made.  A  chemical 
anaylsis  shall  be  furnished. 

Bahhllt  Metal. 

295. — Babbitt  metal  composed  of  the  following  ingredients  and  of     Quaiiiiesot 
,        .  „       .  .  ,  .  .    -  111  Babbitt  Metal, 

the  following  proportions  has  given  satisfactory  results  and  a  low  co- 
efficient of  friction  (0.03  to  0.04)  : 

Copper   3.6  per  cent. 

Tin    89.3     "       " 

Antimony 7.1     "       " 

It  is  the  purpose  of  these  specifications  to  provide  a  first-class  struc-  Purpose  of  the 
ture.     They  are  intended  as  an  aid  in  designing  and  fabrication.     Ma- 
chine design  and  kindred  subjects  are  so  great  and  varied  that  no  single 
work  of  this  character  can  cover  all  points.     As  a  further  aid  in  secur- 
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ing    a    first-class    structure,    the    following    works    will    be    considered 
authoritative,  in  the  order  named : 

1.  Unwin's  "Machine  Design,"  Part  I,  Ed.  1909. 
Unwin's  "Machine  Design,"  Part  II,  Ed.  1902. 

2.  "A   Manual   of   Machine   Design,"   etc.,   by   Low    and   Bevis, 

11th  Impression.  , 

3.  Reuleaux's  "Constructor,"  Translated  by  Suplee. 

4.  Kent's  "Pocket  Book,"  8th  Ed. 

296. — Machine  parts  shall  be  designed,  if  practicable,  by  the  meth- 
ods of  applied  mechanics,  but  such  designs  shall  be  viewed  in  the  light 
of  experience.  It  should  be  borne  in  mind  that  machine  design  is  not 
based  on  the  precise  methods  in  vogue  for  stationary  structures. 
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PREVENTION  OF  MOSQUITO  BREEDING. 

Discussion.* 


By  Thomas  H.  Means,  M.  Am.  Soc.  C.  E. 


Thomas  H.  Means,  M.  Am.  Soc.  C.  E.  (by  letter).— This  is  a  Mr. 
timely  paper  and  of  great  value.  We  have  too  long  considered  the 
mosquito  a  sort  of  necessaiy  evil,  and  it  is  of  great  importance  to 
show  that  it  can  be  prevented,  generally  at  no  large  expense.  The 
writer  well  remembers,  during  boyhood,  the  old  rain  barrel,  at  the 
corner  of  the  house,  filled  with  wigglers.  No  one  then  connected  the 
wiggler  with  the  pest  of  mosquitoes  which  bothered  them  all  summer, 
and,  of  course,  no  one  had  any  idea  that  the  chills  and  fever  were 
in  any  way  connected  with  the  mosquitoes. 

In  irrigated  districts,  mosquitoes  rapidly  become  a  great  nuisance, 
unless  special  precautions  are  taken  to  eliminate  their  breeding  places. 
Very  little  systematic  work  seems  to  have  been  attempted  in  the 
matter  of  mosquito  prevention  in  the  West.  Few  engineers  seem  to 
realize  how  easy  it  is  to  lessen  the  number  of  mosquitoes  to  such  a 
degree  that  they  cease  to  be  a  pest.  It  is  to  be  hoped  that  Mr.  Miller's 
paper  will  serve  to  increase  the  interest  in  the  matter. 

Within  the  last  two  years  the  writer  has  been  engaged  on  a  small 
irrigation  project  in  the  Sacramento  Valley.  Here,  as  everywhere 
else,  mosquitoes  are  a  nuisance,  but  here  the  matter  is  much  com- 
plicated by  the  presence  of  the  species  which  distributes  malaria.  The 
problem  of  preventing  or  lessening  malaria  is  vital  to  the  success  of 
the  project.  During  the  summer  of  1911,  the  first  year  of  the  writer's 
connection  with  the  enterprise,  no  attempt  was  made  to  control  the 
matter,  largely  because  no  one  appreciated  its  importance.  Experience 
during  that  season,   however,   showed   the   absolute  necessity  of  sub- 

*  Continued  from  February,  1913,  Proceedings. 
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Mr.     duing  the  malaria  mosquito.     Plans  were  made  and  work  was  com- 
^^^''^-  mcnced  in   the  season  of  1912. 

The  problem  was  attacked  from  all  sides.  An  attempt  was  made 
to  prevent  the  breeding  of  mosquitoes,'  to  isolate  the  human  carrier 
of  the  disease,  and  to  encourage  the  people  of  the  community  to  take 
good  care  of  their  general  health  by  sleeping  under  screens,  by  using 
good  drinking  water,  and  by  taking  quinine  as  a  preventive.  There 
was  no  measure  of  the  amount  of  malaria  in  the  community  previous 
to  1912,  except  the  records  kept  by  the  school  teachers.  These  showed 
that  for  the  previous  three  years  about  80%  of  the  children  of  school 
age  were  sick  with  the  disease.  In  the  fall  of  1912,  after  the  one 
season's  work,  the  percentage  of  children  sick  with  malaria  was  re- 
duced to  about  15.  During  this  yea.r  there  had  been  a  great  influx  of 
new  people,  and,  had  there  been  no  change  in  the  conditions,  a  much 
larger  percentage  of  sickness  might  have  been  expected,  for  the 
disease  is  always  worse  in  the  case  of  new  comers.  The  writer  feels 
that  he  has  reason  to  be  pleased  with  the  results. 

Whether  or  not  the  season  was  favorable,  no  one  can  say;  malaria 
in  the  country  generally  seemed  to  be  about  as  usual  in  1912.  Very 
few  farmers  have  much  faith  in  the  mosquito  theory  of  malaria,  and  it 
was  hoped,  at  least,  to  establish  confidence  in  the  method  of  handling 
the  matter.  There  was  very  little  co-operation  during  the  year  from 
the  farmers,  on  account  of  their  scepticism,  but  it  is  found  that 
now  nearly  all  of  them  are  satisfied  that  malaria  prevention  is  pos- 
sible, that  mosquitoes  have  something  to  do  with  its  spread,  and  next 
year  they  will  give  their  hearty  help,  and  the  work  should  be  more 
successful. 

In  laying  the  plans,  attention  was  directed  to  drainage,  as  the 
first  and  most  important  matter.  Open  drains  were  made,  in  order 
to  prevent  surface  water  from  standing.  Where  drainage  was  not  pos- 
sible, oil  was  used  to  prevent  mosquito  breeding.  Two  men,  equipped 
with  knapsack  sprays,  made  regular  trips  over  the  country  and 
sprayed  every  place  where  mosquitoes  could  breed.  These  trips  were 
made  at  least  every  two  weeks  in  the  warm  weather.  The  territory 
covered  was  about  10  000  acres.  During  the  season,  1  400  gal.  of  oil 
were  used.  The  total  cost  of  the  work  was  about  $3  500.  As  there  were 
about  1 200  people  in  the  district  patrolled,  the  cost,  if  pro  rated, 
would  have  been  about  $'1  per  person,  which  is  trifling  when  the  re- 
sults are  considered.  The  relief  from  mosquito  bites  alone  would  have 
been  well  worth  the  cost. 

It  has  been  stated  that  mosquitoes  travel  only  short  distances. 
This  may  be  true  in  an  unsettled  country,  but,  where  there  are  many 
people  or  animals,  they  will  travel  great  distances.  In  the  evening 
every  traveler  will  be  followed  by  a  swarm  of  the  insects,  and  every 
cow  coming  from  pasture  will  bring  them  with  her. 
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It   is  of  iinpoi-tanoe,   therefore,  to  exercise  care   in   preventing  the     Mr. 
'        ,  '  .        '  Means. 

breeding  of  mosquitoes,  even  in  remote  spots. 

Malaria  mosquitoes  seem  to  prefer  the  quieter,  warmer  spots  of 
water.  They  do  not  seem  to  breed  in  ditches  or  streams,  but  every 
little  puddle  will  produce  great  numbers.  They  are  a  little  slower  in 
development  than  the  common  varieties,  and  do  not  become  abundant 
until  the  latter  part  of  the  season. 

As  the  result  of  the  season's  work,  the  writer  woulrl  suggest 
the  following  for  a  community  troubled  with  malaria : 

1.  Drain  all  surface  water. 

2.  If  drainage  is  not  possible,  use  oil.  The  cheaper  grades  of  oil 
from  the  refineries,  such  as  stove  oil,  mixed  with  crude  oil,  will  an- 
swer very  satisfactorily.  Use  a  fine  spray,  and  distribute  enough  oil 
to  form  a  thin,  but  visible,  film  on  the  surface  of  the  water. 

3.  Keep  the  person,  known  to  have  malarial  parasites  in  the  blood, 
isolated  if  possible.  Mosquitoes  do  not  generate  malaria,  but  must 
get  it  from  the  blood  of  a  human  being.  Insist  that  all  malarial  per- 
sons sleep  under  screens.  Have  every  such  person  vmdergo  a  thorough 
treatment  under  a  good  doctor. 

4.  Encourage  the  use  of  good  water.  Deep  wells  are  generally 
best.  Malaria  cannot  be  transmitted  through  water,  but  every  condi- 
tion which  tends  to  run  the  system  down  will  make  a  person  less 
resistant  to  the  disease. 

5.  Screen  all  houses,  and,  as  a  special  precaution,  screen  all  sleep- 
ing places.  Keep  indoors  as  much  as  possible  after  night.  The 
malarial  mosquito  is   a  nocturnal  insect. 

6.  Take  quinine  during  the  season  when  malaria  is  prevalent.  A 
doctor's  advice  should  be  asked.  Take  a  little  quinine,  no  matter  what 
he  advises. 
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Fhaxcis  L.  Sellew,  'M.  Am.  Soc.  C.  E.  (by  letter). — Turning  the  ^Mr. 
Colorado  out  of  Salton  Sea  was  not  so  much  an  engineerinj?  triumph 
as  a  triumjih  of  engineers,  of  red-blooded  fighters,  who  did  not  know 
when  they  were  whipped,  ])ut  realizing  that  the  end  ]u.stified  the  means, 
fought  on  to  victory  unmindful  of  its  cost.  All  honor  to  them.  The 
writer  will  go  to  the  limit  in  expressing  appreciation  of  results  attained 
in  the  face  of  odds  as  great  as  any  with  which  river  engineers  may 
expect  to  be  confronted ;  but  when  the  closing  of  this  crevasse,  which, 
from  the  nature  of  things,  had  to  be  accompli.shed  by  rough  and  ready 
methods,  is  heralded  as  a  .solution  of  all  engineering  problems  pertain- 
ing to  the  Lower  Colorado,  the  writer's  protest  is  immediately  entered. 

Having  been  an  innocent  bystander  while  some  of  the  work  de- 
scribed was  in  progress,  this  paper  has  been  read  witli  much  interest. 
The  record  of  the  operations  incident  to  the  return  of  the  river  to  its 
former  channel  is  extremely  complete,  although  partly  obscured  by  a 
mass  of  legal  and  financial  entanglements  which  properly  have  no  place 
in  a  purely  engineering  article. 

Lack  of  time  will  confine  the  writer's  discussion  to  an  examination 
of  some  of  the  more  important  points.  The  data  submitted  in  regard 
to  the  discharge  of  the  stream  and  the  degree  of  reservoir  control  pos- 
sible vary  materially  from  the  writer's  ideas  on  these  subjects.  It  is 
also  doubtful  if  the  control  attainable  by  reservoirs  will  greatly  reduce 
bank  caving,  which  is  the  real  problem  along  this  river.     While  what 

♦Continued  from  February,  1913,  Proceedings. 
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Mr.    follows  is  based  on  the  best  data  in  existence,  it  should  be  understood  that, 
®^'  before  definite  conelvisions  can  be  drawn,  much  more  detailed  and  ex- 
tended examinations  should  be  made. 

Flood  Prevention  on  the  Lower  Colorado. 

It  is  apparent  that  if  the  flood  di.scharge  of  the  Colorado  could  be 
reduced  materially,  thereby  bringing  the  fluctuations  between  low  and 
high  water  within  reasonable  limits,  the  erosion  of  the  bed  and  banks 
would  be  much  reduced.  There  might  still  be  a  limited  amount  of 
bank  protection  required,  but.  if  the  control  was  such  as  to  keep  the 
river  within  banks,  the  cost  of  protective  works  would  be  greatly 
lessened.  We  have  recently  heard  much  about  the  control  of  streartis 
by  storage  works;  and,  with  reference  to  the  Colorado,  one  advocate 
claims  that  storage  near  the  head-waters  will  reduce  flood  levels  so 
much  that  levees  will  be  a  thing  of  the  past;  that  the  flow  of  the  stream 
may  be  entirely  devoted  to  irrigation,  thereby  putting  water  on  5  000  000 
acres  of  land;  and  also  that  immense  quantities  of  electrical  energy 
may  be  developed  as  the  water  is  released  from  the  places  in  which 
it  is  impounded.  As  the  question  of  stream  control  by  storage  reser- 
voirs has  received  much  attention  in  most  civilized  portions  of  the 
earth,  the  writer  has  made  a  somewhat  extended  examination  of  the 
literature  on  that  subject. 

On  page  406  of  the  "Report  upon  the  Physics  and  Hydraulics  of  the 
Mississippi  River,"  by  Humphreys  and  Abbot,  the  following  appears, 
in  regard  to  the  reservoir  system : 

"The  plan,  in  theory,  is  admirable,  and  has  long  been  a  subject  of 
discussion  among  European  engineers.  Artificial  lakes  for  protection 
against  floods  were  constructed  as  early  as  1711  upon  the  upper 
Loire,  and  they  have  since  been  advocated,  both  for  improving  naviga- 
tion   and   for   restraining   floods,   by   eminent   writers,     *     *     *." 

From  page  407  of  the  same  publication: 

"Little  consideration  is  necessary  to  make  it  apparent  that  this 
system  is  not  applicable  to  restraining  the  floods  of  all  rivers.  Certain 
topographical  conditions  are  essential  to  its  success.  The  valley  must 
be  of  such  a  character  that  dams  of  reasonable  dimensions  can  be  con- 
structed, which  shall  keep  back  the  identical  ivater  which  othenvise 
rvould  mal-e  up  the  flood.  It  is  not  suflicient  for  this  purpose,  as  for 
improving  navigation,  that  a  large  volume  of  water  may  be  collected 
by  the  accumulations  of  months.  The  floods  of  great  rivers  are  tor- 
rents, caused  by  rapidly  melting  snows  and  by  widely  extended  and 
heavy  rains.  The  greater  part  of  this  water  does  not  drain  from  the 
remote  mountain  sides,  and  issue  from  the  distant  mountain  gorges. 
It  falls  in  the  valley  itself;  and  the  nearer  to  the  main  river,  the  more 
sudden  and  disastrous  will  be  its  effects;  partly  from  the  more  rapid 
accumulation  in  the  main  stream  of  the  contributions  of  the  tribu- 
taries, and  partly  from  the  absence  of  the  natural  reservoir  furnished 
by  the  various  channels,  which  must  be  filled  before  a  freshet  originat- 
ing near  ihe  sources  can  reach  the  lower  part  of  a  river.     To  control 
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sucli  HooiKs   with  c-iTtaiiit.v   and   fcduoiii.v   l>y   artiticiiil   reservoirs,   it  is,     Mr. 
therefore,    es.^^eiitial    tliat    eertaiii    iiniiortaiit    tril)utaries    which    drain  ^^"®^''- 
rehUively  hirge  portions  of  tlie  basin  shall  debouch  near  their  mouths 
from   narrower  fforfres,   where   dams   ean   he  constructed   at   reasonable 
cost,  ajid  whert'  artificial  lakes  can  be  formed  witlxnit    injury  to  other 
interests." 

From  page  408: 

"In  order  to  ^ive  a  more  definite  character  to  these  conclusions, 
tliev  will  he  reduced  to  figures  by  aid  of  the  data  collected  respecting 
the  great  -lune  flood  of  1858,  by  which  the  merits  of  all  these  dif- 
ferent plans  of  jn-otection  are  to  be  tested. 

"To  have  protected  'the  whole  delta  and  the  borders  of  every  stream 
in  it,  primary  or  tributary'  against  this  flood,  not  more  than  10.50  000 
cubic  feet  per  second  cou'd  have  been  allowed  to  enter  the  head  of  the 
alluvial  region.  Even  ihi-  quantity  would  have  submerged  much 
of  the  lower  country,  had  not  the  tributaries  below  the  Ohio  been  so 
very  low  that  their  uniti  d  contributions,  joined  to  this  amount,  would 
only  have  been  sulHcient  to  maintain  the  river  at  full  banks.  The  con- 
ditions of  this  flood  were  then  the  most  favorable  possible  for  the 
reservoir  system. 

"Dnring  the  thirty-six  days  in  1S5S  from  ]\Iay  25  to  June  29,  in- 
clusive, the  total  amount  of  water  passing  the  latitude  of  Columbus 
exceeded  by  648  172  800  000  cubic  feet  that  which  would  have  resulted 
from  a  discharge  per  second  of  1  050  000  cubic  feet.  Reservoirs  situ- 
ated above  the  mouth  of  the  Ohio,  and  sufficient  to  have  kept  back 
in  a  single  month  fully  GOO  000  000  000  cubic  feet  of  water  [14  000  000 
aere-ft.]  would,  therefore,  have  been  essential  to  the  security  of  the 
delta,  if  this  system  had  \  cm  depended  upon  for  restraining  this 
flood." 

From  a  report  on  the  examination  of  reservoir  sites  in  Wyoming 
and  Colorado,  by  Hiram  M.  Chittenden,  M.  Am.  Soc.  C.  E.,  Captain 
(now  General,  Retired),  Corps  of  Engineers,  U.  S.  A.:* 

"In  no  other  portion  of  her  works  has  nature  left  so  much  to  be 
done  by  the  engineer  to  supplement  her  deficiencies  as  in  the  modifica- 
tion of  the  natural  flow  of  her  streams,  for  in  no  other  respect  are 
her  works  so  ill  adapted  to  the  uses  of  man.  The  ideal  stream  would 
be  one  in  which  the  flow  should  be  uniform  from  one  year's  end  to  the 
other,  or,  if  not  uniform,  varying  directly  with  the  magnitude  of  the 
uses  to  wliich  it  is  put. 

~  vr  vr  #  *  *  * 

"It  is  not  surprising,  therefore,  that  one  of  the  chief  concerns  of  the 
engineer  is  the  amelioration  or  prevention  of  the  evils  of  this  un- 
fortunate arrangement  of  nature.  ^lillions  of  dollars  are  annually 
i^xj^ended  to  make  u))  for  the  deficiency  of  water  in  seasons  of  drought, 
and  like  sums  tn  picvent  nv  alleviate  the  evils  of  excessive  flow. 
Singularly  enough,  tiie  measures  generally  adopted  are  put  forward 
in  disregard  of  one  of  the  commonest  rules  of  scientific  practice.  If 
an  evil  condition  of  things  is  to  be  corrected,  the  rational  method  of 
procedure  is  to  remove  the  cause.  In  all  river  engineering,  however, 
the  measures  adopted  look  only  to  the  palliation  of  results,  and  leave 

*  Annual  Report,  Chief  of  Engineers,  U.  S.  Army,  for  1898,  Appendix  PP,  p.  2845. 
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Mr.  tlie  cause  uiitouclied.  Kivcr  channels  are  dredged  out  in  low 
seliew.  water  and  levees  are  built  to  protect  from  floods  in  high  water. 
Scarcely  anywhere  is  the  elfort  made  to  prevent  the  occurrence  of 
either  high  or  low  water.  It  would  naturally  follow  that,  if  great 
evils  result  from  the  variable  flow  of  streams,  the  primary  and  funda- 
mental object  of  the  engineer  wlio  is  called  upon  to  correct  them  would 
be  to  make  this  flow  uniform.  Whether  or  not  this  object  is  possible 
of  realization  (and  if  it  is,  by  what  means)  is  therefore  one  of  the 
first  questions  which  should  be  settled  in  any  comprehensive  project  for 

the  regulation  of  the  flow^  of  streams. 

*  -x-  -:r  ^  ■» 

"*  *  *  The  only  possible  method  by  which  uniformity  of  flow 
can  be  secured  must  therefore  be  by  storing  the  surplus  waters  in 
seasons  of  flood  and  releasing  them  in  seasons  of  drought. 

"There  is  an  additional  motive  for  the  use  of  reservoirs  besides 
that  of  securing  uniformity  of  flow.  Over  a  large  portion  of  the  land 
area  of  the  earth  in  civilized  countries  the  climate  of  winter  prevents 
any  considerable  use  of  the  streams.  Even  if  the  flow  were  entirely 
uniform,  that  portion  which  takes  place  in  the  season  of  cold  weather 
would  mostly  be  lost.  To  derive  any  benefit  from  it,  it  must  be  stored 
iuul  held  over  for  the  season  of  warm  weather. 

"These  two  purposes,  viz.,  the  attainment  of  uniformity  of  stream 
flow  and  the  transfer  of  the  winter  supply  to  the  summer  months  cover 
the  entire  argument  for  reservoir  construction. 

*  re  ->r  *  «• 

"At  first  thought  it  would  seem  that  in  storage  reservoirs  lies  the 
whole  solution  of  the  river  problem.  To  store  the  surplus  in  flood 
season  and  use  it  in  season  of  drought  ought  apparently  to  strike 
at  the  root  of  the  whole  difficulty,  and  to  render  unnecessaiy  those 
l)alliative  measures  which  alone  have  hitherto  received  the  sanction  of 
the  hydraulic  engineer.  Why  so  obvious  a  remedy  has  never  yet  been 
extensively  applied  will  appear  in  the  course  of  this  report. 

'     *  7f  -X-  *  -Jr 

"It  is  the  cost,  not  the  physical  difficulties,  which  stands  in  the  way. 
It  may  be  stated  that  as  a  general  rule  a  sufficient  amount  of  storage 
can  be  artificially  created  in  the  valley  of  any  stream  to  rob  its  floods 
of  their  destructive  character;  but  it  is  equally  true  that  the  benefits  to 

be  gained   will   not  ordinarily  justify  the  cost.* 

*  *  *  *  * 

"We  now  come  to  the  specific  question  of  reservoir  construction 
in  the  arid  region  west  of  the  one  hundredth  meridian,  as  exemplified 
by  the  reservoir  sites  examined  in  Wyoming  and  Colorado.  Are  there 
direct  and  primary  motives  which  would  justify  reservoir  construc- 
tion in  this  country,  apart  from  or  in  addition  to  those  arising  from 
their  effect  upon  the  regimen  of  the  lower  rivers?  The  answer  must 
be  that  in  no  other  part  of  the  United  States,  nor  anywhere  else  in  the 
world,  are  there  such  potent  and  conclusive  reasons,  of  a  public  as 
well    as    a   private    nature,    for    the    construction    of    a    comprehensive 

reservoir  system  as  in  the  region  hei-e  in  question.f 

■Jr  *  *  *  * 

*  Loc.  cif.,  p.  2860. 
+  Loc.  cit.,  p.  2864. 
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'"*     *     *     in  iiumy  sections  the  natural  Hdw  has  been  used  as  far    Mr. 
as  it   is  i)raeticahle   to  do  so.     The  only   resoureo  left  is  to  store  that  '^^"^^ 
portion   (it    the   flow    tli;it    runs   nwny    in    iionirrifiation   seasons  and  the 
surplus   in    times  nt'  ;iuuu;il    lldod   iind  sudden  fresliets  and  make  these 
also  avaihiMc  lur  u-e.      Not    until  tlint   is  done  can  a  stream  he  sai<l  to 
!)(•   really   utilized   tn   tlic   tidiest  extent. 

•»  •;■:-  v.-  -X-  -x- 

•"While  there  are  these  clear  and  positive  arguments  in  favor  of 
th(>  storage  of  the  surplus  flow  oi  our  Western  stream-,  there  are  none 
of  weight  against  it.  It  nuiy  he  .set  down  as  a  rule,  to  which  tliere  are 
very  few  exeei)tions.  that  every  artilicial  body  of  water  created  in  the 
West,  hy  which  the  surplus  water  of  its  streams  i.s  held  back,  will  be 
a  jiositive  itenetit. 

***** 

"The  foregoing  (>xannnation  has  led  up  to  the  following  conclusions: 

"First.  A  comprehensive  reservoir  system  in  the  arid  regions  of 
the  United  States  is  absolutely  es.sential  to  the  future  welfare  of  this 
portion  of  the  national  domain. 

"Second.   It   is  not  iiossible  to  secure  the  best  development  of  such 
a  system  exce|it  through  the  ageiu-y  of  the  General  (Joverinneiit."" 
*  ^f  *  *  -a 

"The  total  extent  of  a  reservoir  system  in  the  arid  regions  which 
shall  render  a.vailablo  the  entire  flow  of  the  streams  will  not  exceed 
1  l»;i  (i(H)  ()()()  (KM)  cubic  feet  [approximately  27  000  000  acre-ft.].  If 
the  construction  of  such  a  system  were  to  consume  a  century  in  time, 
it  would  represent  an  annual  storage  of  about  11600  000  000  cubic 
feet,  or  266  800  acre-feet.  At  $5.37  per  acre-foot  this  would  cost 
$1  430  031  per  annum.  This  amount,  distributed  among  the  seventeen 
States  and  Territories  of  the  arid  region,  gives  an  average  annual 
expenditure  in  each  of  $84  119.  The  annual  value  of  the  stored  water 
would  return  the  original  cost  and  maintenance  in  an  average  period 
of  three  years.''t 

Tn  a  paper  on  "Reservoir  Systems  and  Their  Relations  to  Flood 
Protection,":}:  by  C.  O.  Sherrill,  Captain,  Corps  of  Engineers,  U.  S.  A., 
presented  at  a  special  meeting  of  the  Louisiana  Engineering  Society 
on  June  25th,  1912,  the  following  appears: 

"The  most  vital  question  of  the  moment  for  the  people  of  the  lower 
Mississippi  Valley  is  how  best  to  secure  protection  from  disastrous 
floods,  such  as  the  one  now  passing,  and  in  the  proper  solution  of  this 
question  the  sympathy  and  assistance  of  the  entire  country  should  be 
ready  to  aid.  Every  flood  brings  forth  ,i  multitude  of  plans,  each 
purjwrting  to  be  the  only  one  capable  of  providing  the  necessary  cure, 
and  most  of  them  are  brought  out  as  something  entirely  new,  yet  each 
one  will,  on  examination,  be  found  to  have  been  carefully  considered 
and  thoroughly  investigated  years  ago.  One  of  these  propositions, 
renewed  recently  with  great  energy-,  has  been  to  control  these  floods 
bv  means  of  reservoirs  located  near  the  headwaters  of  the  tributaries. 


*  Loc.  at.,  p.  2872. 
+  Loc.  cit..  p.  2878. 

*  Journal,  Association  of  Engineering  Societies.  September.  1912. 
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Mr.  "In  view  of  the  fact  that  adequate  reservoir  systems  for  the  con- 

Seliew.  ( j.QJ  q£  fioQ(jg  in  all  streams  would  strike  directly  at  the  seat  of  the 

trouble,   it  seems  remarkable  that   this  method  should  not  have  been 

used  loug  ago  instead  of  the  merely  defensive  method  of  elevation  of 

overflow  land  or  the  erection  of  levees. 

*  #  *  •»  * 

u*  ~  *  'j^i-jg  question,  therefore,  is,  Can  this  stream  flow  be  made 
uniform;  if  so,  how  and  at  what  cost?  *  *  *  j  must  answer  that 
a  reasonable  degree  of  uniformity  of  flow  can  be  secured  by  adequate 
systems  of  reservoirs  properly  located  along  streams  where  the  topo- 
graphy is  particularly  adapted  to  such  reservoirs;  but  as  to  the  pos- 
sibility of  such  control  for  the  Mississippi  below  Cairo,  or  of  the 
practicability  of  the  scheme,  if  possible,  it  is  hoped  that  the  following 
remarks  will  be  of  some  assistance  in  determining." 

This  paper  concludes: 

"Taking  the  above  brief  summary  of  the  facts  into  consideration, 
I  must  conclude  that  the  control  of  the  Mississippi  floods  by  reservoirs 
is  impracticable  of  accomplishment  and  that  the  next  best  thing 
must  be  relied  upon,  namely,  the  levee  system  with  bank  protection, 
wliieh  should  be  completed  as  rapidly  as  possible." 

The  Pittsburgh  Flood  Commission,  in  a  comprehensive  and  vol- 
uminous report  covering  a  recent  investigation,  concluded  that  the 
maximum  flood  crests  of  the  Ohio  at  Pittsburgh  can  be  lowered 
approximately  8  ft.  by  the  storage  of  about  1 000  000  acre-ft.  of 
water,  in  seventeen  reservoirs  on  the  Allegheny  and  Monongahela, 
at  a  total  cost  of  about  $20  000  000. 

From  the  foregoing  it  appears  that  the  desirability  and  practicabil- 
ity of  reservoir  construction  depend  on  existing  conditions  in  the 
drainage  area  of  the  stream  under  discussion;  therefore,  each  stream 
should  be  subject  to  careful  analysis  before  definite  recommendations 
can  be  made.  As  the  Colorado  receives  almost  its  entire  supply  from 
melting  snows  at  the  head-waters,  it  would  appear  to  be  an  ideal 
stream  for  reservoir  control. 

Existing  Storage  Worls. — Before  discussing  the  feasibility  of  reser- 
voir control  on  the  Colorado,  attention  is  called  to  Tables  23  to  27, 
which  show  what  has  been  accomplished  by  storage  systems  in  various 
countries,  with  their  extent  and  approximate  cost. 

Table  23  contains  data  on  ten  projects  of  the  Reclamation  Service 
having  a  total  capacity  of  about  3  800  000  a,cre-ft.,  which  have  been 
constructed  at  an  average  cost  of  $2.65  per  acre-ft. 

Table  24  shows  other  existing  reservoirs  in  America  with  an  aggre- 
gate storage  of  2  383  500  acre-ft.,  built  at  a  total  cost  of  $2  629  800, 
or  an  average  of  $1.10  per  acre-ft.  In  this  list  the  storage  at  the 
head-waters  of  the  Mississippi  was  by  utilizing  natural  lakes,  the  out- 
lets of  which  were  controlled  by  low,  inexpensive  dams,  the  average 
cost  being  only  36  cents  per  acre-ft.     If  this  system  be  excluded,  it 
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Mr.  appeaxs  that  the  remainder  amounts  to  only  283  500  acre-ft.,  which 
Seliew-  ^Qg|.  f^^)Q^^;  $6.65  per  acre-ft.  In  this  table  there  are  also  five  sites  in 
Wyoming  and  Colorado,  suggested  by  Gen.  Chittenden,  aggregating 
939  200  acre-ft.,  estimated  to  cost  $2  709  500,  or  an  average  of  about 
$2.90  per  acre-ft.  This  table  also  shows  70  415  acre-ft.  of  storage 
in  Europe  and  Australia,  which  have  cost  $74  per  acre-ft. 

Table  25  contains  data  on  ten  works  in  France,  having  a  total 
capacity  38  593  acre-ft.  and  costing  $3  518  900,  or  about  $91  per  acre-ft. 
This  table  also  shows  that  38  400  acre-ft.  of  storage  in  Austria  has 
cost  $232  per  acre-ft.,  while  in  Canada,  reservoirs  containing  3  800  000 
acre-ft.  are  being  created  on  numerous  lakes  on  the  Ottawa  River 
at  an  estimated  cost  of  20  cents  per  acre-ft.;  and  further,  that  about 
700  000  acre-ft.  in  South  Africa  have  been  built  at  an  average  cost  of 
$14  per  acre-ft. 

Table  26  gives  a  list  of  eleven  projects  in  Germany,  volume  488  111 
acre-ft.,  cost  $22  449  874,  or  $46  per  acre-ft. ;  shows  that  Russia  has 
800  000  acre-ft.  on  the  Volga  (no  records  of  cost) ;  and  that  five  systems 
in  India,  aggregating  775  250  acre-ft.,  cost  $6.77  per  acre-ft.  The 
storage  of  about  1  900  000  acre-ft.  at  the  Assuan  Dam,  in  Egj'pt,  has 
cost  about  $10  per  acre-ft.* 

The  completed  storage  (Canada  being  excluded  as  under  construc- 
tion) is  summed  tip  in  Table  27. 

Although  there  are  many  storage  dams  for  water  supply  and  power 
in  various  parts  of  the  world,  they  are  of  such  relatively  low  capacity 
and  high  unit  cost  that  they  have  no  place  in  a  discussion  of  this 
kind.  The  foregoing  data  are  not  submitted  as  complete,  but  include 
all  the  larger  systems  for  river  control,  of  which  records  are  available 
to  the  writer;  and  it  is  believed  that  they  cover  the  field  quite 
thoroughly. 

It  appears  that  the  storage  in  the  United  States  (which  is  about 
50%  greater  than  that  of  the  rest  of  the  world)  as  listed  in  these  tables, 
has  cost  on  the  average  only  one-ninth  as  much  per  unit  of  volume, 
while  the  maxinium  cost,  that  of  Austria,  is  about  116  times  the 
average  in  America.  The  low  cost  of  the  storage  created  by  the 
Reclamation  Service,  when  compared  with  that  of  the  rest  of  the 
world,  is  shown  in  a  most  remarkable  manner. 

Determinhif/  Facfors. — The  feasibility  of  controlling  a  stream  by 
storage  will  depend  largely  on : 

(1)  The  cost,  including  the  value  of  the  area  flooded,  when  com- 
pared with  the  benefits  to  be  derived; 

(2)  The  quantity  of  storage  required  and  whether  sufficient   vol- 
vune  is  available. 

*  Engineering  Record,  January  llth,  1913. 


Papers.]         DISCL'SSIOX    ON    llillKiATION    AND  RIVER  CONTROL 


527 


5!   BO 

3  *? 


o  S  <«  "^ 


ce  ooi-» 


7  N  c  '^ »  '  =•  -1  2  -:  r  =  •^  5 


5  c" 


3  _  71  -1  _.  T) 


•/J  o 


:t^o  Z.O  <:>  6  i  c  6  ^  o 


Ce3  B-g  B 

■-I  -I  1  -)  1 

■-<  ■<  •".  v-  << 


.^3 


"2.- 

o-o 
cr 


.-1  75  — 


K)Oo-io£oootso 


ooitt04^c;ieo«io-j4- 


o 

t> 

> 
c 

>■ 

!2! 

G 

CO 

o 


Mr. 
Sellew. 


528 


DISCUSSION  OX  IRRIGATION  AND  RIVER  CONTROL        [Papers. 


Mr. 
Sellew 


CMOcg 

O  ^  O  P 

B  1  D  g 


*  t3  »  K- 


inai*..CIt 


88: 


8888 

oooo 


W 


3« 


<S  p 


o     S 


Si. 


Papers.]         DISCUSSION    ON    IKUUiATlON    AND  IJIVER  CONTROL 


529 


K 
■/. 

K 

a 

o 
3 

Q 
w 
w 

1 

r 

C) 

ii 

5' 

(Ft 

■  5" 

Drainae;e 
area,  in 
square 
miles. 

1 

Q 
o 

o  ■" 

03 
§ 

a 
1 

p 
1 

Mr. 
Sellew. 


530 


DISCUSSION   ON   IRRIGATION  AND  RIVER  CONTROL        [Papers. 


Mr. 
Sellew. 


(3)  The  situation  of  such  storage,  whether  it  is  placed  so  as  to 
control  properly  the  water-producing  zone  ot  the  drainage 
area; 

(4)  The  character  of  the  water  to.  be  impounded,  whether  it  is 
clear  or  so  charged  with  sediment  that  the  silting  will  unduly 
shorten  the  life  of  the  works. 

TABLE  27. — Summary  of  Completed  Eeservoirs. 


Acre-feet. 


Cost. 


Foreign. 


74  913  OOP 
4  010  465 


^.70  per  acre-ft. 


EevDt 

1  900  000 

38  593 

488  111 

38  400 

$19  750  000 
3  .518  000 

22  498  000 

8  8ii6  000 

Rus.sia — no  cost  recorded 

775  250 
699  696 
70  415 

5  250  000 

South   Africa 

q  830  000 

Miscellaneous  foreign 

5  171  000 

4  010  465 

$74  913  000 

12  634  800 

6  182  800 


say,  $2.00  per  acre-ft. 


United  States. 

Reclamation  Service 

3  799  300 
2  383  500 

$10  005  000 

Other  systems 

2  629  800 

6  182  800 

$12  634  800 

These  factors,  as  applied  to  the  Colorado,  will  be  considered  in 
the  foregoing  order. 

The  Cost. — From  wha.t  has  already  been  written,  it  appears  that, 
where  storage  exists  in  the  arid  regions,  its  cost  is  reasonable.  As- 
sume that  the  cheapest  sites  have  been  taken  up  and  that  future  storage 
will  cost  twice  as  much  as  that  already  created  by  the  Reclamation 
Service  ($2.65  per  acre-ft.),  and  we  have  $5.30  per  acre-ft.  This  is  in 
close  agreement  with  Gen.  Chittenden,  who,  as  previously  stated,  esti- 
mated $5.35  for  all  storage  needed  in  the  Arid  West.  Of  course,  each 
site  must  be  carefully  examined,  and  detailed  estimates  must  be  pre- 
pared, which  will  no  doubt  vary  considerably  from  the  foregoing,  but, 
from  what  has  been  stated,  the  figure  given  appea.rs  to  be  a  fair 
and  reasonable  one  to  use  in  this  discussion. 

Volume  of  Storage  Required. — An  intelligent  discussion  of  this 
phase  of  the  matter  would  be  greatly  aided  by  continuous  discharge 
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measuroinonts  dii  the  Coloriulo  liiviM-  at  various  points,  and  extending  Mr. 
over  a  long'  period.  Unfortunately,  however,  such  ineasuronients  do 
not  exist.  The  most  complete  records  are  those  niade  at  ^'iinia  since 
November.  1902,  by  the  Reclamation  Service.  These  observations 
include  current  meter  measurements  three  times  each  week.  Previous 
records  of  the  flow  at  Yuma  are  based  on  such  insufficient  data — 
being  a  few  scattered  meter  measurements  from  which  a  rating-curve 
was  constructed — that  they  are  of  no  value  in  this  discussion.  The 
wide  variation  in  the  quantity  flowing  for  the  same  gauge  height,  due 
to  the  change  in  cross-section  caused  by  scour,  renders  observations 
without  a  meter  measurement  practically  worthless. 

Table  28  shows  the  total  discharge  of  the  Colorado  (excluding  the 
Gila)  by  months,  in  acre-feet,  the  mean  monthly  discharge  in  second- 
feet,  and  also  the  total  discharge  in  acre-feet  per  year  from  1903  to 
1912,  inclusive.  This  table  shows  that  the  yearly  discharge  has  varied 
from  a  minimum  of  9  800  000  acre-ft.  in  1904,  to  a  maximum  of 
25  300  000  acre-ft.  in  1909.  The  total  monthly  discharge  has  varied 
from  a  minimum  of  182  500  acre-ft.  in  February,  1903.  to  a  maximum 
of  6  397  000  acre-ft.  in  June,  1912. 

In  considering  the  uses  of  the  stream  for  irrigation,  it  is  proper 
to  forecast  as  nearly  as  possible  the  lowest  flow  that  is  to  be  anticipated. 
In  doing  this,  the  writer  has  compiled  Table  29,  showing  what  may 
be  called  an  "ideal  minimum  year",  and  also  the  monthly  use  of  water 
for  irrigation  at  Yuma.  This  table  has  been  constructed  by  selecting 
from  Table  28  the  minimum  January  discharge,  the  minimum  Febru- 
ary discharge,  etc.,  for  all  months  included  in  the  latter  table.  This 
gives  a  minimum  year  containing  a  total  discharge  of  8  315  500  acre-ft., 
and  these  discharges  are  shown  in  monthly  totals  on  the  diagram. 
Fig.  36. 

For  the  present,  the  duty  of  water  in  this  vicinity  is  assumed  as 
5i  acre-ft.,  its  use  being  distributed  throughout  the  year  as  shown  in 
Table  29.  It  is  hoped,  and  indeed  expected,  that  this  use  of  water 
will  be  reduced  considerably  as  larger  areas  are  put  under  cultivation 
and  the  settlers  become  more  skilled  in  the  application  of  water,  but 
for  the  present  this  appears  to  be  the  best  distribution  for  calculations. 
in  view  of  the  fact  that  the  use  now  is  considerably  in  excess  of 
5^  acre-ft.  On  Fig.  36  is  also  platted  the  use  which  can  be  made  of 
the  stream  for  irrigation  without  any  regulation  whatever.  This  was 
ascertained  in  the  following  manner:  The  use  of  water  in  February 
being  about  0.25  acre-ft.  and  the  lowest  run-off  in  that  month  being 
182  500  acre-ft.,  it  was  found  that  this  quantity  was  sufficient  for  the 
watering  of  730  000  acres.  This  was  assumed  as  the  limiting  month. 
If  greater  areas  were  placed  under  cultivation,  there  would  be  a  short- 
age in  that  month  at  a  time  when  the  new  crops  are  usually  going  in. 
Taking  this  730  000  acres  as  a  basis,  and  platting  the  monthly  duty 
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1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 

Hi 

-1 

l_il_i  —  0  =  00000 
to  — 0  0  3CO»01*-CO 

►-1 

2  238  065 
1  406  203 

1  859  380 

2  395  311 
5  930  000 

3  000  000 

4  875  810 
904  476 

3  048  838 
2  854  853 

in 

d 

185  407 
223  630 
310  680 
286  880 
1  256  500 
389  000 
543  732 
945  733 
541487 
331  244 

OH 

3  o 

5-1 

a 
>■ 
w 

36  735 
22  870 
30  240 
38  956 
96  400 
82  600 
79  297 
14  700 
49  450 
46  430 

2.1 

3  015 
8  637 

5  053 

4  649 
20  470 

6  320 
8  800 

15  335 
8  800 

5  400 

5?S 

589  166 
914  548 
744  111 

1  148  779 

2  309  600 

1  395  288 

2  453  986 
591  480 

1  131  983 
1  356  913 

> 

a 

Q 

a 

01 

183  531 
217  813 
879  894 
362  795 
980  600 
435  500 
597  629 
499  346 
743  610 
433  676 

1^ 

H 

d 

a 
> 

9  581 
14  874 
12  102 
18  683 
37  600 
33  800 
39  910 

9  600 
18  400 
32  073 

O   ft 

3  286 

3  787 

15  843 

6  532 
17  730 

7  400 
10  700 

9  100 
13  400 
7  370 

So 

398  736 
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in   tlio  ratio  shown  in   Tablo  20,  it  appears  that  tlio  volume  of  water     Mr. 
usod  will  ho  that  shown  by  the  shaded  area  in  Fijr.  ']C).     This  arranf?e-  ^eiiew. 

iiii'iit  may  create  a  slifrht  shortaf>e  in  Sepfeiiilicr.  luil  the  use  in  that 
iiioiitli  i<  s(i  near  the  niininnim  run-ort'  that  the  danger  is  considered 
of  slight   ini!i(irtaii«(>  :in(l  is  neglected. 


Jan.   Feb.  Mar.  Apr.  May  June  July  Aug.  Sept.  Oct.  Nov.  Dec. 
Fig.  36. 

It  is  well  to  remark  that  the  continuous  irrigation  of  730  000  acres 
depends  on  the  diversion  of  the  entire  river,  and  is  substantially  all 
that  can  be  accomplished,  unless  the  stream  is  regulated,  even  should 
the  duty  of  water  be  increased,  for  it  is  seen  that  the  use  of  water 
at   the   extremes   of   the   year   is   as   low   as   can   be   anticipated,   and 
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ulthougli  a  saving  may  be  made  in  the  summer  months,  it  will  allow 
an  increase  in  the  cultivated  area  only  during  those  months,  because 
the  crops  which  can  be  grown  continuously  for  twelve  months  in  the 
year  are  limited  by  the  small  quantity  of  water  available  during 
low  flow. 

TABLE  29. — Minimum  Monthly  Discharge  of  Colorado  Eiver 
AND  Discharge  in  Ratio  of  Monthly  Duty. 


Month. 


Minimum 
discharge, 
in  acre-feet. 


Monthly 
duty. 


Percentage 

of  total 
yearly  duty. 


Monthly  discharge 

for  year  in 

ratio  of  duty. 


Januai-y 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Totals 


185  407 
182  531 
367  702 
479  663 

1  670  000 

2  550  000 
904  476 
591  480 
363  948 
429  428 
321  271 
266  598 


0.20 
0.25 
0.30 
0.41 
0.52 
0.70 
O.SO 
0.80 
0.56 
0.38 
0.26 
0.22 


3.6 
4.5 

5.4 
7.4 
9.4 

12.8 
16.4 
14.6 
10.3 
6.9 
4.7 
4.0 


302  801 

878  000 

453  500 

619  801 

786  100 

1  058  100 

1  860  700 

1  209  500 

846  701 

574  500 

393  150 

332  651 


8  315  504 


5.50 


100.0 


8  315  504 


There  is  drawn  on  Fig.  36  a  line  showing"  the  uniform  flow  through- 
out the  year,  which  would  be  at  the  rate  of  690  000  acre-ft.  per  month. 
The  establishment  of  such  uniformity  in  discharge  would  be  of  value 
in  controlling  the  floods  and  also  for  power  purposes,  but  it  is  extremely 
wasteful  toward  the  irrigation  interests,  because  this  line  is  practically 
coincident  with  the  maximum  use  of  water  in  July  for  730  000  acres. 
The  reinforcement  of  the  low  flow  by  this  method  would  not  allow  an 
increase  in  the  area  vmder  crop  in  the  summer.  It  would  cover  more 
ground,  however,  during  the  winter. 

Table  29  also  shows  the  percentages  of  irrigating  water  required 
per  month,  and  on  this  basis  the  discharge  of  the  low-water  year  of 
8  315  500  acre-ft.  has  been  distributed.  This  assumes  complete  regula- 
tion of  the  river,  entirely  in  the  interests  of  irrigation,  and  the  dis- 
tribution throughout  the  year  is  shown  by  the  shaded  line.  Under 
such  rcg-ulation,  1  500  000  acres  (which  agrees  with  the  author's  esti- 
mate) could  be  irrigated.  This  is  the  area  that  could  be  served  with 
the  flow  of  the  Colorado  past  Yuma  as  observed  during  the  years 
under  discussion.  The  lower  Gila  is  so  erratic  in  its  discharge  that 
it  is  not  a  very  dependable  supply,  for  which  reason  it  is  omitted. 
To  the  foregoing  should  be  added  any  area  existing  in  the  upper 
reaches  already  under  cultivation  and  which  it  is  assumed  has  re- 
ceived its  supply.  To  regulate  the  river  as  indicated  would  require  a 
storage  capacity  of  about  2  400  000  acre-ft.,  which,  at  $5.30  per  acre-ft., 
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would  cost  $12  720  000.  Suoli  ropiilation  in  low-water  years  would  also  Mr. 
have  a  very  beneficial  effect  on  the  flow!  discharge.  The  maximum 
monthly  volume  would  be  about  1400  000  acre-ft.,  equivalent  to  ap- 
proximately 50  000  acre-ft.  per  day,  or  25  000  sec-ft.  The  effect  of 
this  discharge  on  the  bed  and  banks  would  be  but  slight,  as  com- 
pared with  what  goes  on  at  the  prc'^ent  time,  and  would  keep  the  lower 
river  well  within  its  banks. 

Although  this  amount  of  storage  would  make  the  river  an  ideal 
one  for  irrigation  during  periods  of  ordinary  low  flow,  it  would 
liave  little  beneficial  effect  on  floods  in  the  maximum  years,  as  will 
be  seen  from  an  inspection  of  the  diagrams  on  Plate  XLIX.  Here  the 
daily  discharge  in  acre-feet  during  the  flood  periods  is  shown  for  the 
years  1003  to  1912,  inclusive. 

When  the  river  at  Yuma  rises  above  125  on  the  local  gauge,  over- 
flow occurs  at  various  points  within  the  limits  of  the  Yuma  Project, 
and  levees  become  a  necessit.v.  If  the  control  of  the  stream  by  storage 
is  to  regulate  the  discharge  in  such  a  way  that  levees  will  not  be  re- 
quired, the  volume  passing  when  the  gauge  is  above  125  must  be  stored. 
On  the  diagrams  referred  to  a  horizontal  line  has  been  drawm  repre- 
senting 125  on  the  Yuma  gauge,  and  the  volumes  of  discharge  above 
this  gauge  height  in  various  years  are  clearly  marked.     They  were: 

In  1903 933  000  acre-ft. 

1904 80  000 

1905 2  829  000 

1906 2  843  000 

1907 7  055  000 

1908 38  000 

1909 5  391  000 

1910  (the  gauge  did   not  rise  above  125) 

1911 94  000 

And  in  the  season  just  passed 2  417  000 

A  total  of  21  680  000  acre-ft.,  or  an  average  of  2  168  000 
for  the  ten-year  period. 

If  storage  is  to  be  created  for  the  maximum  of  these  quantities, 
7  055  000  acre-ft. — and  this  is  necessary  if  all  overflow  is  to  be  pro- 
hibited along  the  lower  river — the  cost  of  storage,  if  sufficient  sites 
existed,  would  be  $37  391  500,  estimated  at  $5.30  per  acre-ft.  Should 
this  be  considered  an  excessive  provision  to  make,  and  it  were  thought 
better  to  take  what  damage  would  come  from  a  flood  of  this  kind 
(which  might  be  of  infrequent  occurrence),  and  storage  were  provided 
for  the  next  largest  year,  which  is  1909,  5  391  000  acre-ft.  would  be 
required,  which  would  cost,  on  the  same  basis,  $28  572  300.  This 
would  give  a  protection  that  would  have  been  ample  during  the  last 
10  years,  with  one  exception.     If  we  take  the  average  of  the  excess 
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discharge  at  Yuma  above  the  125  gauge  for  the  last  10  years,  we 
get  2  168  000  acre-ft.,  which  is  about  that  required  to  regulate  the  low 
flow  in  the  interests  of  irrig-ation.  The  cost  of  creating  this  amount  of 
storage  at  $5.30  would  be  $11  490  400.  With  such  control  of  the  river, 
however,  overflow  would  have  occurred  in  5  years  during  the  last  10. 

Attention  is  directed  to  Table  3,  which  is  an  exhibit  of  the  annual 
discharge  of  the  river  from  1894  to  1911,  inclusive,  a  period  of  18 
years.  The  first  9  years  have  an  average  discharge  of  7  220  000  acre-ft., 
and  the  last  9  years  show  an  average  of  17  556  000  acre-ft.,  indicating 
a  most  remarkable,  sudden,  and  continued  increase  in  run-off.  Such  an 
increase  might  be  possible  with  a  small  drainage,  but,  with  a  tributary 
area  of  more  than  250  000  sq:  miles,  the  variation  appears  to  be  alto- 
gether too  much.  To  aid  in  the  examination  of  this  question,  various 
l)ublications  of  the  Weather  Bureau  have  been  used  in  the  preparation  of 
Fig.  37.     For  the  northern  part  of  the  water-shed,  no  continuous  ob- 
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servations  within  the  drainage  area  appeared  to  be  available,  there- 
fore Denver,  Salt  Lake  City,  and  Cheyenne  were  used.  These  stations 
are  probably  indicative  of  conditions  within  the  area  under  considera- 
tion. For  the  central  and  southern  portions,  the  records  of  Prescott, 
Tucson,  Yuma,  Pha?nix,  and  Flagstaff  were  taken.  The  a.verage 
precipitation  for  the  entire  period  is  12.92  in.,  shown  by  the  heavy 
line.  That  for  the  period  1894  to  1902  is  11.73  in.,  and  for  1903  to  1912 
is  15.20  in.  These  latter  amounts  are  indica.ted  by  the  shorter  and  lighter 
lines.  Thus  it  appears  that  although  the  run-off  in  the  latter  half  of 
the  period  covered  by  Table  3  is  about  2.4  times  that  of  the  first  half, 
the  increase  in  precipitation  was  only  1.3  times.  Furthermore,  it 
a[)pears  that  the  sudden  increase  in  precipitation  did  not  occur  until 
2  years  after  the  cha.nge  indicated  by  the  table.  There  is  no  doubt 
that  there  is  considerable  difference  in  the  run-off  of  the  two  periods, 
but  it  is  not  nearly  as  great  as  Table  3  indicates.  The  explanation 
is  clear:    In  November,  1902,  careful  and  systematic  gaugings  of  the 
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strcniu   \V(MV   innu^urntcd   at    ^'uina   liy    tlu^   Tvoclaiiiat i<m    Service,   and     Mr. 
tlic  (lata  since  collecled  are  dependal)li\     The  data  prior  to  that  time' 
are  based  on  a  ratinj^'-curve  constructed   from  so  few  observations  that 
the  results  are   worthless.     The  Hrst   half  of  Table  '■)  sboiild  nol    have 
been  presented. 

Available  Storage  Sites. — llaviufjc  indicated  in  a  general  way  the 
volumes  of  storage  required  to  attain  various  degrees  of  control  of 
the  Colorado  at  Yuma,  the  next  inquiry  relates  to  the  existence  of 
such  storage.  The  writei-  has  imt  the  advantage  of  having  made  a 
];ersonal  (>xaniination  of  the  upper  river  and  its  tributaries,  hence  this 
liurtiou  (if  tlie  discussion  must  be  limited  to  the  data  found  in  pub- 
lished reports  to  which  he  has  access.  The  only  authentic  data  found 
are  contained  in  the  various  annual  reports  of  the  Reclamation  Service, 
to  which  reference  is  made  for  more  complete  information.  The  first 
reference  is  to  the  Second  Annual  Keport,  page  123,  "Investigations  on 
Colorado  River",  where  mention  is  made  of  the  various  schemes 
examined.  On  page  132  data  are  given  of  a  dam  site  at  Williams 
River,  where  1  300  000  acre-ft.  of  storage  may  be  created.  The  state- 
ment is  made  that  investigations  of  a  site  at  Bulls  Head  were  abandoned 
because  of  poor  foundation.  A  100-ft.  dam  at  this  point  would  pro- 
vide storage  for  845  000  acre-ft.  The  lower  end  of  Pyramid  Canyon 
was  examined.  Surface  conditions  appeared  to  be  favorable  for  a  high 
dam,  but  no  suitable  foundation  was  found.  If  it  were  possible  to 
build  dams  at  these  points,  the  scheme  would  be  impractical  because 
the  reservoirs  would  soon  be  filled  by  the  deposition  of  sediment, 
which  will  appear  from  data  given  later.  Reference  is  made  to  this 
difficulty  in  the  Second  Annual  Rejiort,  page  155,  where  we  may  read: 

"In  connection  with  this  question  of  the  study  of  reservoirs  which 
silt  up,  it  seems  most  necessary  that  a  thorough  investigation  be 
made  of  the  reservoir  possibilities  upon  the  head-waters  of  the  Colorado, 
above  the  points  where  the  streams  carrying  large  quantities  of  silt 
enter,  so  that  permanent  reservoirs  may  be  established  in  anticipation 
of  the  time  when  all  the  irrigabl(>  lands  a.^ong  the  Colorado  will  be 
under  ditch.'' 

Thus  the  Secund  Annual  Itopoi't  shows  no  available  storage  sites 
for  the  permanent  control  of  the  river. 

The  Third  Annual  Report,  page  70,  has  the  following: 
"Colorado  River  Storage  Projects. — As  it  has  been  thought  neces- 
sary to  store  water  in  the  Rocky  Mountain  region  for  the  regulation 
of  the  flow  of  the  Colorado  River,  with  a  view  to  the  reclamation  of 
about  GOO  000  acres  of  land  along  the  lower  Colorado  in  Arizona  and 
California,  certain  reservoir  sites  have  been  withdrawn  in  western 
Colorado,  two  of  these  being  on  Crand  River,  in  Grand  County,  and 
two  on  Yampa  River,  in  Routt  County.  Preliminary  examinations 
have  been  made  of  all  these  sites,  and  some  of  them  have  been 
surveyed." 
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Mr.  On  page  217,   the  Kremmling  site  is  credited  with  a  capacity  of 

--eiiew.  J  gQ^  QQQ  acre-ft.     At  Grand  Lake  about  23  000  acres  are  reported  as 

withdrawn,  but  no  capacity  is  given.     Two  sites  on  the  Yampa  were 

located    and    100  000    acres   withdrawn,    but    no    capacity    is    given,    as 

the  data  were  not  complete. 

In  the  Fourth  Annual  Report,  page  121,  it  is  stated  that  at  the 
Kremmling  site  more  than  1  000  000  acre-ft.  may  be  stored  by  a  dam 
180  ft.  high,  and  that  a  230-ft.  dam  would  impound  2  200  000  acre-ft. 

On  page  124  reference  is  made  to  further  examinations  on  Grand 
River  above  the  Kremmling  site,  where  it  is  stated  that:  "Few  reser- 
voir and  dam  sites  worthy  of  investigation  were  encountered  during 
the  reconnaissance." 

Reference  is  made  to : 

Windy   Gap   site — capacity 100  000  acre-ft. 

Lehman  site — capacity 24  000      "      " 

Grand  Lake— capacity 140  000      "      " 


264  000  acre-ft. 

The  first  site  is  crossed  by  a  railroad;  would  require  a.  large  dam; 
and  75%  of  the  area  flooded  would  be  ranches  already  under  cultiva- 
tion. The  second  site  would  cover  valuable  land  under  cultivation, 
and  is  of  slight  consequence  in  size.  Regarding  Grand  Lake,  the 
report  says,  on  page  127 : 

"Considered  as  a  site  for  storing  irrigation  water  for  use  along 
the  lower  Grand  and  Colorado  rivers.  Grand  Lake,  as  will  be  readily 
seen  from  the  foregoing,  would  be  of  little  value." 

It  appears,  then,  that  this  report  shows  no  storage  sites  of  value 
except  the  Kremmling,  with  a  possible  capacity  of  2  200  000  acre-ft. 

The  Fifth  Annual  Report  states,  on  page  114,  that  the  field  work 
in  connection  with  reservoir  sites  on  the  Colorado  was  brought  to  a 
close  late  in  1905,  and  no  additional  examinations  have  been  made 
since  those  described  in  the  Fourth  Annual  Report.  The  Sixth  Annual 
Report  gives  no  additional  information  regarding  this  matter.  On 
page  57  of  the  Seventh  Annual  Report  reference  is  made  to  investiga- 
tions for  storage  reservoirs  along  the  Green  River  and  its  tributaries, 
from  which  the  following  is  obtained : 

Flaming  Gorge  site — capacity 350  000  acre-ft. 

Island   Park   site— capacity 150  000      "      " 

Browns  Park   site— capacity 2  500  000      "      " 


3  000  000  acre-ft. 

No   additional  information   is   contained  in  the   Eighth,   Ninth,   or 
Tenth  Annual  Reports. 
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Tiikiuj^'  Jroiii  ihf  I'l.reguiiif,'  those  sites  \vhi(.-li  appear  to  ho  avaihahlc     Mr. 
tor  storage  on  ih.-  tril.utaries  of  the  Colorado,  we  have:  t>eiiew. 

C;npa''ity  ill  acre-feet. 

Grand  Kivor:   Krciniiiliny  site 2  200  000 

Green  Kivi-r :  Learning  Gorge  site 350  000 

Isknd  Park  site 150  000 

Browns  Park  site 2  500  000 

Total 5  200  000 

Kailroad  interests  have  secured  control  of  the  Kremniling  site, 
tlierefore  its  future  development  may  prevent  the  creation  of  reservoirs 
of  any  magnitude.  Such  a  result  would  remove  the  only  known  reser- 
voir capable  of  controlling  the  Grand  Eiver,  and  would  reduce  the 
known  available  storage  for  uses  on  the  Lower  Colorado  to  3  000  000 
acre-ft.,  aJl  confined  to  the  Green.  This  is  but  little  in  excess  of  that 
required  for  minimum-year  control  in  the  interests  of  irrigation,  and 
furnishes  little  relief  in  the  years  of  maximum  flow,  when,  as  pre- 
viously shown,  7  000  000  acre-ft.  must  be  stored  in  order  to  prevent 
overflow,  unless  dependence  is  placed  on  levees.  The  foregoing  data 
are  not  sufficient  to  determine  with  accuracy  the  feasibility  of  reservoir 
control  on  the  Colorado  River.  Before  conclusions  can  be  properly 
drawn,  investigation  should  show  the  total  available  storage,  its 
geographical  distribution,  and  whether  it  is  placed  so  that  it  will  con- 
trol the  run-off  from  the  various  parts  of  the  catchment  area.  Should 
sufficient  storage  exist  to  save  the  surplus  of  the  maximum  years  for 
use  in  years  of  low  flow,  the  irrigable  area  along  the  Colorado  could  be 
increased  correspondingly. 

The  Quantity  of  Silt. — As  previously  stated,  reservoirs  created  on 
the  lower  portion  of  the  stream  would  very  soon  fill  with  deposits,  as 
the  Lower  Colorado  is  a  notorious  silt  carrier.  Professor  R.  H.  Forbes* 
says,  regarding  Colorado  silt: 

"Beginning  with  -Fannary,  the  regular  low  winter  water  averages 
about  62  parts  of  sediment  in  100  000  parts  of  water  during  January, 
February,  and  ^March.  These  sediments  are  probably  chiefly  the  result 
of  erosion  upon  the  upper  river  channel,  rather  than  surface  sweepings 
into  the  drainage.  During  April,  as  the  river  rises  with  the  melting 
snows  of  its  highest  water-shed,  and  its  erosive  power  increases,  the 
sediment  rises  to  an  average  of  112  parts;  during  the  highest  waters 
of  May  and  June,  to  an  average  of  374  parts;  decreasing  with  the  lower- 
ing waters  of  July  and  August  to  an  average  of  122  parts.  The  sum- 
mer rain-storms  of  September,  October,  and  November,  partly  within 
Arizona,  bring  the  silt  to  its  maximum  (2  072  parts,  Oct.  8-13),  after 
which  the  quantity  sinks  to  the  normal  amount  for  winter  waters, 
averaging  151  parts  in  100  000  during  the  two  months  ending  Jan. 
24,1901^ 

*BnlMin  N<>.  fJi,  Arizona  E.xperiment  Station,  pp.  198  and  200. 
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^^  «*     *     *     -jj^g   average  acre-foot  of   Colorado   river  water  for  the 

Sellew.  yggj.  of  observation  carried  7  291  pounds  of  silt,  varying  from  1  182  to 
56  410  pounds  as  shown  by  6-day  composite  samples. 

"On  the  basis  of  the  profile  constructed  from  available  data  for 
the  volume  of  flow  of  the  Colorado,  and  of  the  year's  silt  determina- 
tions made  in  this  laboratory,  it  is  estimated,  conservatively,  that  the 
river  during  1900  brought  down  about  61  000  000  tons  of  sedimentary 
material,  which,  condensed  to  the  form  of  solid  rock,  is  enough  to 
cover  26.4  square  miles  one  foot  deep;  or,  to  make  53  square  miles 
of  dry  alluvial  soil  one  foot  deep;  or,  to  make  about  164  square  miles 
of  recently  settled,  submerged  mud  one  foot  deep,  reckoning  the  whole 
amount  of  mud  for  the  year  to  average  6.2  times  the  bulk  of  the  solid 
sediment." 

From  these  extracts  it  appears  that  in  1900  the  volume  of  sediment 
varied  from  0.062%  in  January,  February,  and  March,  to  0.374%  in 
May  and  June,  and  that  following  desert  rains  it  was  as  high  as 
2.07  per  cent.  An  area  of  164  sq.  miles  of  mud  1  ft.  deep  equals  105  000 
acre-ft.  Since  May,  1909,  the  Reclamation  Service  has  observed  the 
quantity  of  sediment  passing  Yuma.,  the  results  being  as  shown  in 
Table  30. 

TABLE  30. — Quantity  of  Sediment  in  Colorado  River. 


Year. 

Total  discharge,  in 
acre-feet. 

Number  of  silt 
observations 

Average 
percentage  of 
silt,  by  weight. 

Acre-feet  of 

submerged  mud 

annually. 

1800 

1910 

1911 

1912 

25  967  577 
14  332  692 

17  839  215 

18  357  886 

8 
22 
53 
64 

0.65 
0.50 
1.15 
0.756 

321  nio 
136  6611 
391  115 
265  734 

Total . . 

1  114  519 

The  observations  of  1909,  although  few  in  number,  covered  the 
period  from  May  26th  to  October  7th,  and  should  give  a  fair  average. 
Those  of  1910  extended  from  April  19th  to  December  31st.  In  1911 
they  extended  from  January  11th  to  December  28th,  and  in  1912  from 
January  4th  to  November  30th,  the  discharge  being  estimated  to 
December  31st.  As  shown  in  Table  30,  the  total  quantity  of  sediment 
passing  Yuma  during  the  last  4  years,  when  measured  as  submerged 
mud,  has  exceeded  1 000  000  acre-ft.  This  proves  conclusively  that 
reservoirs  for  the  permanent  control  of  this  stream  must  be  placed  on 
the  head-waters  where  clear  water  exists. 

The  author  shows  in  Table  2  an  approximate  storage  of  about 
10  000  000  acre-ft.,  and  although  he  qualifies  the  table  by  stating  that 
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it  is  "theoretically  ixpssililc"  :iiitl  w.mlil  have  to  be  reduced  for  "com-  Mr. 
mercially  feasible  developiiRiitj-,'"  tlic  table  is  so  at  variance  with  ^®"*'^- 
facts  as  to  be  misleading  in  its  present  form,  and  likely  to  lead  unin- 
formed persons  to  erroneous  conclusions.  Storage  on  the  Gila  is  out 
of  the  question,  as  this  stream  carries  more  silt  during  its  flowing 
season  than  the  Colorado.  Little  Colorado,  Hill  Williams  Fork,  and 
San  Juan  must  be  eliminated  for  the  same  reason.  The  Krcnunling 
site  is  in  the  hands  of  interests  foreign  to  irrigation  or  storage  develop- 
ment. Thr  only  site  of  value  contained  in  Table  2  is  Browns  Park  on 
the  (ircfii,  which  has  a  capacity  of  about  2  200  000  acre-ft.,  as  pre- 
viously indicated.  'This  analysis  reduces  the  author's  "theoreticall,y 
possible"  10150  000  acre-ft.  to  2  200  000;  reservoirs  which  will  silt  up 
in  a  few  years  or  are  controlled  so  that  they  cannot  be  developed,  are 
not  in  the  "possible"  class. 

There  are  some  statements  which  the  writer  cannot  reconcile  with 
the  facts  as  they  have  come  under  his  notice.  A  water  supply  of 
1  000  000  acre-ft.  is  said  to  be  ample  for  1  000  000  acres  in  the  San 
Jiuui  country,  though  in  reality  two  or  three  times  that  quantity  will 
probably  be  necessary.  The  area  of  the  Yuma  Project  is  some  130  000 
acres,  instead  of  90  000.  Table  4,  showing  mean  monthly  discharge 
from  1894  to  1911,  is  valueless,  for  the  results  from  1894  to  1903  are 
based  on  erroneous  data,  as  previously  shown. 

Risk  of  Bed. 

The  data  iu  regard  to  the  rise  of  bed  at  Yuma  are  based  on  observa- 
tions made  largely  by  the  Reclamation  Service,  but  are  not  considered 
by  the  writer  as  sufficiently  definite  to  justify  the  conclusions.  Al- 
though the  advance  of  the  delta  into  the  Gulf  will  tend  to  raise  gauge 
heights  at  points  above,  certainly  many  more  observations  are  neces- 
sary before  definite  relations  can  be  established  between  the  rise  on 
the  Yuma  gauge  and  the  memory  of  a  steamboat  captain. 

There  is  at  least  one  other  cause  for  variation  in  gauge  height  at 
different  points  on  the  stream,  which  is  entirely  dissociated  from  any 
advance  into  the  Gulf.  There  are  two  points  on  the  lower  river  in  this 
vicinity  which  may  be  regarded  as  definitely  fixed.  They  are  Laguna 
Dam  and  the  conglomerate  hills  at  Yuma  between  which  the  river 
passes.  The  floods  of  1909  and  1912  carried  substantially  the  same 
quantities  at  their  crests,  150  000  sec-ft.,  but  the  difference  in  the 
elevation  of  water  surfaces  between  the  Yuma  gauge  and  Laguna  Dam 
was  4  ft.  greater  in  1912  than  in  1909.  The  casual  observer  might 
think  that  this  indicated  a  rise  in  the  bed  of  the  stream.  It  is  found, 
however,  that  the  Ao\)v  ])er  mile  was  substantially  the  same,  being 
1  ft.  in  llJOi)  and  Lo4  ft.  in  I'.'liJ.  The  rise  is  not  due  to  any  silting 
up  of  the  channel,  but  is  plainly  caused  by  the  meanders  of  the  river. 
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Mr.     The  records  sliow  tliat  the  distance  from  Laguna  Dam  to  Yuma  has 


Sellew. 


varied  as  follows : 


In    1856 13     miles. 

1895 Ill   " 

1902 14 

1909 131   " 

1911 15i   " 

1912 17 

Some  of  these  various  meanders  are  indicated  on  Plate  L.  The 
river  in  1912  between  the  points  mentioned  was  3^  miles  longer  than 
in  1909,  and  this  accounts  for  practically  all  the  increased  difference 
of  elevation  in  the  water  a.t  the  two  points.  The  same  phenomenon 
is  true  on  the  lower  river,  and,  assuming  a  given  elevation  at  the 
Mexican  boundary,  the  increase  in  length  of  the  stream  due  to  meanders 
will  give  an  increased  height  on  the  Yuma  gauge,  whether  the  river  is 
advancing  into  the  Gulf  or  not. 

The  author's  description  of  the  works  of  the  Yuma  Project  and 
remarks  relative  thereto,  indicate  unfamiliarity  with  the  subject.  A 
very  excellent  account  of  the  work  at  Laguna  Dam  may  be  obtained 
from  articles'*  by  the  Resident  Engineer,  Edwin  D.  Vincent,  M.  Am. 
Soc.  C.  E.  The  Colorado  Siphon  has  been  described  by  the 
writer.f  These  cover  the  main  features  of  the  work.  Levees  and 
canals  a.re  so  common,  and  those  at  Yuma  present  no  unusual  con- 
ditions, that  description  appears  to  be  superfluous. 

The  authors  statement,  that  a  rock  fill  such  as  was  used  for  closing 
the  crevasses  which  he  discusses  could  have  been  used  in  place  of 
Laguna  Dam,  is  open  to  serious  doubt.  What  he  built  has  been  used 
as  a  levee,  which  purpose  it  answers  admirably.  How  it  would  act 
as  an  overflow  weir,  carrying  150  000  sec-ft.,  even  if  covered  with  con- 
crete, is  problematical.  Li  addition  to  a  concrete  top,  crest  and  foot- 
walls  appear  to  be  necessary  to  prevent  the  top  from  being  under- 
mined, and,  if  these  are  provided,  the  resulting  structure  will  not  differ 
materially  from  Laguna  Dam  either  in  design  or  cost. 

Levees. 

The  statement  that  the  flood  of  December  7th,  1906,  caused  levee 
failures  on  the  Yuma  Project  due  to  the  absence  of  muck-ditches,  is 
not  correct.  In  October,  1906,  the  writer  took  charge  of  the  Yuma 
Project,  and  his  first  act  was  to  order  muck-ditches  under  all  new 
levees.  The  slight  damage  done  here  by  the  flood  of  December  7th,  was 
caused  by  burrowing  animals  and  the  overtopping  of  work  which  was 
incomplete. 

*  Engineering  Neivs,  February  27th,  1908,  and  June  lOtb,  1909. 
t  Engineering  Neii's^  August  29th,  1912. 
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Regarding:  the  adviuitagrcs  and  disndvantages  of  land-side  and  river-  Mr. 
side  borrow-jiits,  tlio  writ(M-  has  fully  cxpre.^spd  himself,*  so  that  it 
is  not  neeessary  to  cuiiuiunl  I'm!  In  r.  Particularly  is  this  so  when  the 
author  states  that  ho  "realized  that  this  was  not  in  accordance  with 
the  usual  practice."  Based  on  a  personal  examination  made  a  few 
hours  after  the  break  of  December  5th,  1906,  the  writer  hazards  the 
opinion  that  the  damage  caused  by  a  head  of  15  in.  against  the  levee 
was  due  primarily  to  the  presence  of  land-side  borrow-pits,  although 
snu\ll  quantities  of  water  came  under  the  levee  itself  in  many  places 
due  to  the  absence  of  a  muck-ditch  and  the  improper  grubbing  of  the 
foundation. 

Regarding  the  loan  of  a  lirading  camp  by  the  Reclamation  Service, 
wliich  uuttit  the  author  declares  did  work  at  excessive  cost,  the  follow- 
ing is  submitted : 

Immediately  following  the  break,  in  December,  1906,  the  writer 
discussed  with  Mr.  Cory  the  feasibility  of  assembling  a  sufficient  force 
to  construct  levees  required  before  the  coming  of  the  annual  freshet. 
At  that  time  it  was  not  known  how  much  levee  work  would  be  done, 
as  the  surveys  were  incomplete.  Consequently,  no  contracts  were  let, 
and  the  size  of  the  outfit  which  could  be  immediately  available  was 
not  known.  Because  of  various  interests  at  .stake,  the  writer  sug- 
gested that,  to  assist  in  overcoming  the  difficulty,  one  camp  of  Gov- 
ernment stock  then  operating  on  the  Arizona  levees  be  traiLsferred  for 
the  use  of  the  California  Development  Company.  Mr.  Cory  welcomed 
this  suggestion;  authority  was  secured  from  the  Department;  and  the 
camp  was  immediately  transferred.  It  was  supposed  when  the  transfer 
was  made  that  the  camp  was  to  work  for  the  California  Development 
Company  and  not  for  a  contractor.  However,  shortly  after  the  move 
was  made,  the  superintendent  of  the  camp  informed  the  writer  that 
he  was  working  under  the  direction  of  a  contractor,  and  it  was  next 
to  impossible  for  him  to  obtain  the  proper  supplies  to  keep  his  camp 
up  to  efficiency.  A  visit  to  the  camp  showed  the  facts  to  be  substan- 
tially as  stated,  and  a  personal  appeal  was  made  to  Mr.  Cory  to  remedy 
the  matter.  This  was  remedied,  in  a  measure,  but  conditions  con- 
tinued to  be  such  that,  as  soon  as  it  was  evident  that  the  camp  was 
not  necessary  to  secure  the  completion  of  the  levees  in  advance  of  the 
annual  flood,  the  men  and  equipment  were  brought  back  to  the  United 
States. 

The  camp  that  was  loaned  the  C.  D.  Co.  had  been  at  work  for 
considerable  time  prior,  for  the  Reclamation  Service,  and  continued 
to  be  thus  employed  for  several  years  thereafter.  It  was  one  of  the 
most  efficient  camps  which  the  Service  has  had  on  levee  construction. 
There  have  been  completed  on  the  Yuma  Project  about  50  miles  of 
levee,  aggregating  more  than  2  600  000  cu.  yd.  of  excavation,  the  ac- 

*  Engineering  Neirs,  February  15th  and  April  lUli.  l'.M2. 
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Mr.  eomplishment  of  wliich  compaj-es  most  favorably  in  every  way  with 
■  any  levee  work  which  has  come  under  the  writer's  notice.  Criticism  of 
Government  work  seems  to  be  a  general  pastime  of  people  who  are  not 
responsible  for  it,  and  certainly  if  a  contractor  desired  to  place  a 
(Government  camp  in  an  unfavorable  light,  Mr.  Cory  granted  him  a 
nio.st  excellent  opportunity  to  do  so. 

Under  the  head  of  "Criticism  of  Levee  Work  Done"  the  author 
shows  that  after  a  Consulting  Board  from  the  Eeclamation  Service 
liad  advised  on  the  methods  of  levee  construction,  their  recommenda- 
tions wore  ignored  and  a  second  Board  was  necessary  before  the  recom- 
mendation as  to  the  location  of  borrow-pits  was  complied  with.  The 
author  states  that  the  use  of  the  checker-board  system  of  borrow-pits 
increased  the  cost  of  the  work  about  6f  cents  per  cu.  yd.  Experience 
on  the  Yuma  Project  has  shown  that  an  increase  of  2  cents  per  cu.  yd. 
is  ample  to  cover  this  kind  of  borrow-pit,  and  the  writer  believes 
that  the  protection  thus  afforded  fully  justifies  the  additional  expense. 

International  Negotiations. 

International  agreements  are  necessary  to  a  comprehensive  plan  for 
the  control  of  the  Lower  Colorado.  Such  agreements  must  be  i^receded 
by  diplomatic  action,  and  while  such  negotiations  may  be  in  progress, 
discussion  of  this  phase  of  the  matter  appears  to  be  inopportune. 

The  Abejas  Diversion. 

The  author  is  correct  in  the  statement  that  this  diversion  has  had 
little  effect  on  river  levels  at  the  entrance  of  the  Imperial  Canal.  The 
observations  show  that  it  has  had  no  effect  whatever.  The  writer  has 
little  first-hand  knowledge  of  the  work  at  the  Abejas,  carried  out  under 
the  direction  of  John  A.  Ockerson,  Past-President,  Am.  Soc.  C.  E., 
so  does  not  feel  qualified  to  discuss  it.  He  wishes  to  state,  however, 
that  the  delay  in  starting  the  work,  due  to  causes  over  which  Mr. 
Ockerson  had  no  control,  which  exposed  the  operations  to  the  menace 
of  the  flashy  winter  floods,  had  much  to  do  with  the  progress.  It  is 
believed  that  the  Ockerson  plan  to  levee  the  river  to  the  range  of  tidal 
influence  is  the  correct  one;  until  this  is  done  and  the  levees  are  made 
secure  against  the  attack  of  the  current,  the  Lower  Colorado  cannot 
be  regarded  as  under  control. 

The  Real  Problem. 

The  author  concludes : 

"Because  of  the  various  successful  and  unsuccessful  work  done  in 
the  region,  the  engineering  features  of  irrigation  and  river  control 
along  the  Lower  Colorado  are  now  understood,  and  engineering  con- 
struction methods  are  thoroughly  developed. 
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''Tli(»  Colorado  KiviT  Delta  now  jJi-i'sciits  no  unusual  unsolved  en-     Mr. 
;iiucerinji-  difficultie.s ;  its  jji-ohlems  are  chiefly  nurtters  of  statecraft,  in  ^^"**^- 
both  river  conlrol  and  irrifjation." 

After  mure  than  (!  years  of  service,  diirinj;  which  time  aliimL  45 
miles  of  the  lower  river  lias  Keen  in  iiis  ciiarge,  the  writer  wishes  to 
state  that,  in  his  judj;nicnt,  the  real  problem  of  this  river  is  not 
generally  understood.  This  problem,  for  the  solution  of  which  the 
author  offers  no  aid,  is  bank  protection.  Construction  methods  for  its 
accompli.shment  are  not  developed,  and  it  cannot  be  attained  by  state- 
craft, however  high  the  talent  engaged.  Relief  from  this  menace 
will  come  only  from  hard  work  and  a  liberal  expenditure  of  money  on 
the  immediate  banks.  When  levees  are  undermined  while  the  stream 
is  below  ba.idv-fuU  stage,  it  is  clear  that  many  years  must  elapse  be- 
fore a  river  of  this  magnitude  will  be  controlled  by  reservoirs  in  such 
a  way  that  caving  banks  will  be  eliminated.  A  plan  by  which  these 
banks  may  be  made  stable  will  now  be  outlined  but,  before  proceeding 
with  it,  a  short  sketch  of  the  flood  of  1912  may  be  of  interest. 
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VARIOUS  CROSS-SECTIONS  OF  COLORADO   RIVER 

AT  YUMA,  ARIZONA,  DURING  i9I2. 
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Fig.  38. 

Lower  Colorado  Flood  of  1912. 

The  annual  freshet  of  1912  first  made  its  appearance  on  the  Yuma 
gauge  on  March  12th,  the  reading  then  being  117.8  ft.  and  the  dis- 
charge 12  800  sec-ft.  It  continued  to  rise  until  June  22d,  when  the 
gauge  was  129.1  and  the  discharge  was  nearly  150  000  sec-ft.  During 
this  rise  the  erosive  action  of  the  current  was  causing  radical  changes 
in  the  bed  and  banks  of  the  stream,  as  may  be  seen  by  Fig.  38,  showing 
conditions  at  the  gauging  station.  It  is  there  seen  that  at  low  water 
the   width   of   the   river   was   420   ft.,   its   average   depth   about   3^   ft., 
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>lr.  maximum  depth  8  ft.,  and  the  area  of  the  flowing  prism  1  420  sq.  ft. 
.e  ew.  j^^  ^Y^Q  crest  these  dimensions  had  become,  width  600  ft.,  average  depth 
35  ft.,  maximum  depth  53  ft.,  area  20  740  sq.  ft.,  the  discharge  having 
increased  43  times  and  the  area  about  15  times.  This  increase  in  area, 
of  19  320  sq.  ft.,  is  made  up  of  7  440  sq.  ft.  caused  by  the  rise  on  the 
gauge  a.nd  11880  sq.  ft.  (60%)  which  was  the  increase  in  section  due 
to  scour.  These  modifications  in  cross-section  were  probably  maximum 
at  the  gauging  station,  where  the  width  of  the  stream  is  restricted;  but 
similar  changes,  although  less  in  magnitude,  are  characteristic  of  the 
lower  river. 

During  the  rise,  extensive  meanderings  were  in  progress  at  various 
points,  the  first  attack  which  required  defense  being  between  lOJ  and 
12  miles  below  Yuma,  on  the  Arizona  side,  where  the  levee  had  been 
cut  out  by  the  river  in  1909.  During  1909  and  1910  efforts  were 
made  to  hold  this  portion  of  the  bank  with  fascines  and  other  light 
brush  protections,  but  such  work  wa.s  soon  carried  out,  and  resort  was 
then  had  to  permeable  dikes  of  piles  and  brush.  About  seventeen 
permeable  dikes  have  been  built,  beginning  in  May,  1911.  Some  of 
these  dikes  are  shown  on  Figs.  1  and  2,  Plate  LI.  At  this  point 
the  Steamer  Searchlight,  with  a  pile-driver  barge  worked  throughout 
the  flood  of  1912  building  dikes  and  defending  the  bank  between  them 
with  fascines.  A  temporally  levee  was  also  thrown  up  when  the  river 
threatened  overflow.  The  efforts  here  were  successful,  the  dikes  holding 
well  and  preventing  further  recession  of  the  bank  line,  and  the  tempo- 
rary levee  removed  all  danger  from  overflow. 

The  first  attack  on  the  Reservation  levee  was  at  the  point,  C,  on 
Plate  L.  At  the  beginning  of  the  rise,  the  bank  at  this  point  was  some 
800  ft.  from  the  levee,  but  on  June  15th  bank  caving  set  in,  and  on 
June  17th,  when  the  river  was  within  150  ft.,  defensive  operations 
were  commenced.  As  all  our  floating  plant  was  engaged  below  Yuma, 
the  fight  here  had  to  be  made  from  the  shore.  When  the  stream  went 
overbank  the  bottoms  were  flooded  to  within  150  ft.  of  the  levee,  making 
defensive  operations  impractical  until  the  caving  reached  this  point. 
Fascine  mats  weighted  with  sand  sacks  were  hung  over  the  face  of 
the  ba,nk,  but,  as  the  water  was  more  than  30  ft.  deep,  such  defenses 
would  not  reach  the  bottom,  and,  although  our  work  delayed  the  ad- 
vance of  the  stream,  it  was  slowly  undermined,  demonstrating  that  a 
strong  revetment  would  be  necessary  to  hold  the  river  in  check.  Con- 
ditions along  the  front  at  this  point  are  shown  on  Fig.  3,  Plate  LI. 
Fortunately,  the  Reservation  levee  furnishes  the  location  for  the  Pot- 
holes Branch  of  the  Southern  Pacific  Railroad,  therefore,  rock,  which 
was  the  only  material  that  would  save  the  day,  could  be  delivered  at  the 
site  of  the  works  and  dumped  directly  into  place.  Rocks  weighing  from  1 
to  6  tons  were  ordered  from  the  Declez  grante  quarries  some  200  miles 
west  of  Yuma  on  the  main  line  of  the  Southern  Pacific.    The  railroad  ex- 


PLATE  LI. 

PAPERS,   AM.  SOC.  C.   E. 

MARCH,   1913. 

SELLEW  ON 

IRRIGATION  AND  RIVER  CONTROL, 

COLORADO  RIVER   DELTA. 


Fig.   1. — Pkrmkable   Dikes. 


I'iG.  2. — Permeable   Dikes. 


Fig.  3. — Conditions  Along  the  Front. 
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pedited  the  shipment,  and  within  36  hours  after  the  order  was  placed  the  Mr. 
first  train  load,  consisting  of  fifteen  cars,  was  being  thrown  into  the  ' 
river.  At  this  time  the  river  had  cut  to  the  toe  of  the  levee  slope, 
the  water  there  being  32  ft.  in  depth,  therefore  the  rocks  as  rolled  from 
the  cars  could  be  directed  to  the  point  where  they  would  accomplish 
the  most  good.  Considerable  brush  and  thousands  of  sand  sacks  were 
mixed  with  the  rock,  also  a  limited  quantity  of  spoil  which  was  avail- 
able from  the  quarries  at  Laguna  Dam.  As  the  flood  came  up  to  crest, 
the  attack  extended  for  a  length  of  about  900  ft.  Several  bad  sand 
boils  appeared  at  the  inner  toe.  Fig.  ],  Plate  LII,  shows  one  of  these 
boils  "hooped''  with  sand  sacks.  This  menace  became  so  serious  in  some 
instajiccs  that  at  cyie  time  the  destruction  of  the  levee  appeared  to  be 
only  a  matter  of  a  few  hours,  and  arrangements  were  made  to  con- 
fine the  overflow  in  case  the  levee  went  out.  About  500  ft.  to  the  rear 
of  and  parallel  to  the  levee  is  one  of  the  canals  of  the  Reservation  dis- 
tribution system.  The  outer  bank  of  this  channel  was  hastily  con- 
nected with  the  levee  above  and  below  the  threatened  portion  by  sand- 
bag dams  (Figs.  2  and  3,  Plate  LII),  the  canal  bank  between  these  dams 
being  raised  to  about  1  ft.  above  the  river  level.  Sand  bags  were  neces- 
sary as  the  ground,  because  of  the  seepage,  was  under  several  inches  of 
water,  and  stock  could  not  be  worked  upon  it.  These  dams  and  the 
canal  bank  would  have  confined  the  overflow  to  this  area  had  the 
levee  gone  out.  It  was  also  intended  to  flood  this  enclosed  area  to  a 
depth  of  2  ft.  or  more  to  check  the  sand  boils,  water  for  this  pur- 
pose being  supplied  from  the  canals,  but  the  boils  were  checked  by 
a  liberal  use  of  sacks  along  the  front  before  such  action  was  necessary. 
Figs.  1  and  2,  Plate  LIU,  show  the  character  of  the  rock  used  for  pro- 
tection, and  Fig.  3,  Plate  LIU,  is  a  view  of  the  Steamer,  Searchlight 
engaged  in  dragging  the  larger  rock  from  the  cars  with  her  steam 
capstan,  the  boat  having  been  temporarily  transferred  for  tliis  purpose 
from  the  work  below. 

The  flood  crested  at  about  1  a.  >r.  on  June  23d,  and  then  fell 
rapidly.  V>y  June  25th  there  was  no  further  danger  of  overflow,  but 
dumping  the  spoil,  in  order  to  blanket  the  outer  slope  and  reinforce 
the  levee,   continued   until    August   18th. 

While  this  attack  was  in  progress,  another  was  initiated  by  the 
river  at  the  point.  A,  on  Plate  L.  Here  the  caving  banks  came  to 
the  levee  toe  with  a  water  depth  of  30  ft.,  and  the  defense  was  prac- 
tically a  repetition  of  the  one  just  described. 

On  June  25th,  the  river  having  fallen  below  the  overflow  line, 
shipments  of  Declez  rock  were  stopped;  a  steam  shovel  was  placed  in 
commission  at  Laguna  Dam,  and  a  work  train  and  crew  were  obtained 
from  the  Southern  Pacific  Company,  which,  with  assistance  from  our 
dinky  engines,  continued  to  dump  rock  and  spoil  at  the  points,  .1  ;uid 
C,  vinlil   Augiist   isth.  wlicn   IS  000  cu.  yd.,  including  1300  cu.  yd.  of 
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Mr.  Declez  rock,  had  been  placed.  On  this  date  the  threatened  levees  were 
■  safe  from  further  attack,  and  the  work  was  stopped.  At  the  present 
(inio  the  river  lies  against  the  rock  slope  of  the  levee  at  A  for  1  500  ft. 
and  at  C  for  1  000  ft.  Should  these  conditions  remain  until  the  next 
flood,  further  rock  revetment  will  probably  be  necessary  immediately 
above  and  below  each  of  these  points,  therefore  steam  shovels,  cars, 
and  engines  are  being  placed  in  condition  to  do  this  work  if  required. 

While  the  attack  on  the  Reservation  levees  was  going  on,  rapid 
bank  caving  was  also  in  progress  on  the  Arizona  side  below  Yuma. 
The  work  at  the  12-mile  post  has  already  been  briefly  described.  At 
the  16-mile  post  the  river  was  600  ft.  from  the  levee  on  May  25th. 
On  June  1st  it  had  moved  out  to  1  300  ft.  On  June  10th  it  had  re- 
turned to  within  500  ft.,  on  June  20th  about  300  ft.,  and  on  June  25th 
it  cut  through  the  levee.  When  the  caving  had  approached  within 
300  ft.  of  the  levee,  provisions  were  made  to  protect  the  work.  There 
was  no  floating  plant  available  for  this  protection,  and,  had  there  been, 
no  effective  use  of  it  would  have  been  possible,  as  the  depth  of  water 
and  velocity  of  the  current  made  the  construction  of  spur  dikes  im- 
practicable. As  there  was  no  railroad  on  the  levee,  rock  could  not  be 
obtained,  as  the  roads  to  the  nearest  qua.rry,  12  miles  away,  were  im- 
passable for  heavy  loads.  The  only  defense  that  could  be  offered  was  to 
protect  the  bank  by  fascine  mats,  there  being  plenty  of  suitable  willow 
brush  near  at  hand.  The  force  employed,  consisted  mainly  of  Cocopah 
Indians,  was  rather  indifferent  labor,  but  by  diligent  efforts  the  rate 
of  caving  was  delayed  so  much  that,  when  it  reached  the  levee  on 
June  25th,  the  river  had  fallen  below  the  natural  bank  level  and  no 
overflow    occurred. 

Shortly  after  the  cutting  out  of  the  levee  the  river  swung  away  for 
several  hundred  feet,  and  later  came  back  for  a  portion  of  this  dis- 
tance, the  present  position  of  the  river  being  shown  by  the  meander 
line  on  Plate  L. 

Abovit  July  1st,  the  river  being  well  within  its  banks,  the  patrol 
which  had  been  maintained  during  the  flood  was  removed.  On  this 
date  no  serious  cutting  appeared  at  any  point  between  Yuma  and  the 
International  Boundary  Line,  on  the  American  side  of  the  stream. 

On  August  10th  it  was  found  that  the  river  had  cut  throvigh  the 
levee  at  the  24-mile  point,  but  the  bank  here  being  above  the  river 
level,  no  overflow  had  occurred.  On  June  20th,  or  a  few  days  prior 
to  the  crest  of  the  flood,  the  bank  at  this  point  was  1  300  ft.  away 
from  the  river,  and  there  appeared  to  have  been  no  material  change  on 
July  1st,  when  the  patrol  was  taken  off;  thus  it  appears  that  the  caving 
here  must  have  been  extremely  rapid. 

All  work  of  bank  protection  was  continuous,  day  and  night,  while 
the  danger  of  overflow  existed.  During  this  period  the  temperature  in 
the  day  averaged  106°  and  at  night  about  73  degrees.     Because  of  the 
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Fig.   1. — Sand  "Bon.s"  Hooped  with  Sand  Sack.s. 


Fig.   2. — Sand-Bag  Dam. 


Fig.    3. — Sand- Bag   Dam. 
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("Xtrcinc    lifjit.    tile    work    \\:i>    \cr>     liiii'd    mi    tlif    iiici:,    iiikI    ;it    times   our     -yir. 
ctforts    wviv    -iv.-itly    ImmiMMv,!    l.y    hi.-k    n\    hil.nr.      All    the    Indians    in  *^^"««'- 
the    viciiiit.v    were   pressed    into    service.      Wap's    were    temporarily    in- 
cri'ased  to  attract  idle  nicMi  in  the  Town  of  Yuma,  and  on  the  Reserva- 
tion  the  settlers,  whose  lands  were   threatened,  turned  out  praetieall.y 
to  a  man  and   fought  valiantly  in  the  def<>use  of  their  homes. 

FiTi  KK  Hank  Protection. 
The  wiirk  nf  Imnk  protection  should  he  directed: 

(1)  Toward  holdiiip-  existing'  levees  and  regaining  lost  ground,  in 
ordei-  that  work  which  has  been  destroyed  may  be  rebuilt 
near  its  original  position,  thus  maintaining  as  nearly  as  pos- 
sible the  irrigable  area; 

(2)  To  cause  the  river  to  occupy  a  position  about  midway  bc- 
tweeTi  the  levees  in  order  to  prevent,  if  possible,  the  erosion  of 
one  season  from  reaching  the  embankments;  or  the  river  slopes 
of  the  levee  should  hv  made  impregnable  to  river  attack. 

It  is  also  desirable,  in  order  to  i)revent  m:'andering — which,  as 
shown  previously,  may  resvUt  in  a  rise  in  plane — to  confine  the  stream 
to  the  shortest  route  consistent  with  a  fall  of  about  1  ft.  per  mile. 

Regarding  the  recovery  of  lost  ground,  the  writer  is  aware  that 
the  building  of  levees  on  their  old  locations  has  not  been  generally 
practiced.  The  following,  relating  to  the  Mississippi,  is  from  Occa- 
sional Papers  No.  1,1,  Engineer  School,  IT.  S.  A.,  page  278: 

"Location. — The  two  objects  of  levees,  protection  of  land  and  con- 
centration of  flood  discharge,  wnll  be  most  efficiently  obtained  by  build- 
ing the  levees  as  close  as  possible  to  the  river  bank,  and,  as  owqng 
to  the  general  slope  of  the  bottom  land,  the  banks  are  usually  higher 
than  the  land  farther  back,  their  location  close  to  the  river  satisfies 
generally  the  two  conditions  of  maximum  usefulness  and  minimum 
cost,  and  if  the  river  were  straight  and  its  banks  stable  no  better  loca- 
tion could  be  sought ;  but  the  river  is  not  straight  and  the  banks  cave 
rapidly,  and  a  location  close  to  the  river  therefore  has  some  disad- 
vantages. On  some  of  the  long  points  of  the  river  a  levee  following 
the  bank  will  have,  compared  with  a  line  across  the  point,  a  length 
not  justified  by  the  small  additional  amount  of  land  protected.  In  a 
rapidly  caving  bend  a  levee  close  to  the  river  bank  must  in  a  short 
time  be  destroyed.  Complications  are  also  frequently  introduced  by 
the  existence  of  the  old  river  lakes  caused  by  cut-offs.  The  short  and 
direct  line  would  pass  between  the  lake  and  the  river,  but  such  a 
location  requires  usually  a  high  and  large  levee  and  involves  danger 
from  the  nature  of  the  soil  recently  deposited  in  the  old  river  bed 
a.Tid  the  probable  existence  of  ])ermeable  sub-strata  liable  to  be  washed 
out  by  hydraulic  presssure  during  floods.  On  the  other  hand,  the 
line  around  the  lake,  though  safe,  is  apt  to  be  of  extrerne  length. 

"The  question  of  levee  location  is.  therefore,  not  a  simple  matter  and 
should   receive  careful   consideration,   but   such   consideration   has,   un- 
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Mr.  fortunately,  not  been  always  given  to  it.  Most  of  the  existing  levees 
Seilew.  have  grown  up  gradually  by  the  incorporation  in  the  main  system  and 
successive  enlargement  of  old  levees  built  by  private  parties  for  their 
own  protection,  and  the  location  of  these  old  levees,  having  been  made 
without  any  reference  to  a  general  system,  is,  of  course,  in  many 
cases,  faulty.  Even  where  the  levee  has  been  built  entirely  anew  the 
location  has  been  most  usua.lly  fixed  by  the  local  boards,  who  are,  of 
course,  subject  to  local  influences,  and  many  levees  have  thus  been 
located  too  close  to  a  caving  bank,  in  order  to  include  special  farms. 

"But  even  when  a  new  levee  is  to  be  located  with  reference  only  to 
its  general  use,  the  question  is  not  an  easy  one.  If  the  banks  of  the 
river  cave  with  any  regularity,  the  cost  of  a  new  levee  and  its  life 
in  any  location  could  be  balanced  against  the  value  of  the  additional 
protection  obtained  by  this  location.  But  the  caving  does  not  go  on 
with  any  sort  of  regularity;  some  places  that  may  not  have  caved  for 
years  will  suddenly  begin  to  cave  rapidly,  and  at  other  places  where 
caving  has  long  been  going  on  the  caving  will  sometimes  somewhat 
suddenly  cease.  In  placing  levees  near  caving  banks,  therefore,  a 
careful  study  must  be  made  of  the  locality  and  of  the  river  for  some 
miles  above,  and,  in  general,  it  is  considered  a  good  location  for  the 
levee  if  this  study  indicates  a  probable  life  of  about  twenty  years." 

Although  20  years  was  formerly  considered  economic  practice  on 
the  Mississippi,  recent  developments  have  modified  it,  as  shown  by  the 
following  :* 

"It  is  the  judgment  of  the  Commission  that  these  revetment  works 
and  some  others  which  will  be  imperative  within  a  short  time  are  re- 
quired for  the  preservation  of  the  levee  system.  Without  them  a 
permanently  completed  system  will  be  impossible.  The  increasing 
height  and  cost  of  the  levees  and  the  rapid  development  of  the  country 
protected  by  them  greatly  a.ugment  the  disaster  of  crevasses.  A  break 
in  an  embankment  5  or  6  fe°t  high  resulting  in  the  thin  overflow  of  a 
sparsely  popiilated  country  is  a  small  calamity  compared  with  a  break 
in  a  levee  20  feet  high,  discharging  over  a  thickly  populated  country 
threaded  with  railroads  and  filled  wnth  towns  and  factories.  Owing  to 
the  increased  height  now  necessary  to  control  the  floods  the  expense 
of  replacing  an  undermined  levee  by  a  new  line  going  far  around 
a  lake  or  impassable  swamp  is  enormous.  The  point  of  development 
has  come  at  which  the  only  economical  way  to  maintain  the  levees  is 
to  hold  the  banks  against  caving — not  everywhere,  but  in  all  places 
where  the  special  conditions  exist  which  have  just  been  described. 
This  is  a  distinct  stage  of  the  work  only  recently  reached." 

The  area  protected  by  the  Colorado  levees  will  be  occupied  by  farms 
of  rather  small  area,  and  consequently  a  comparatively  large  popula- 
tion will  be  dependent  on  them.  Intensive  farming  will  be  practiced, 
and  the  preparation  of  the  land  will  be  expensive,  therefore  it  appears 
that  overflow  should  be  prevented  by  all  possible  safeguards.  The 
integrity  of  the  levee  system  will  depend  principally  on  bank  protec- 

*  Report  of  Mississippi  River  Commission,  Appendix  PPP— Chief  of  Engineers.  1908,  p.  2655. 
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tioii.      'riicrr   iii'c   t\v(i   i;ciicr;il    met IkkIs  l)y   wliicli   tliis   may  be  accom-     Mr. 
plii^hc'il:    (1)  to  fiivc  the  liiiiil<  ;i  rex ctiiiciif  wliicli  will  i)r(itcct  it  against' 
erosion;    (2)    to  keep   I  he  inniii   ciiircnl    ii\\;iv    fnnii   the  banks,  so  that 
erosion  cannot  occur. 

Revetment  may  ho  conlinuoiis  tliroiifiboiil  tlie  river,  or  >;iliciit  i)oiiits 
which  are  stron<ily  attacked  may  be  treated  first,  the  work  being  ex- 
tended as  occasion  denuuids.  The  most  extensive  revetment  in  the 
United  States,  if  not  in  the  world,  is  to  be  found  along  the  Mississippi 
River  and  its  tributaries,  where  the  General  and  State  Governments 
and  local  levee  boards  have  engaged  in  protective  works  for  many 
years.  The  standard  revetment  consists  of  a  woven  brush  mat  or 
fascine  mattress  protecting  the  bed  of  the  stream  for  a  short  distance 
from  the  shore  and  the  side  of  the  channel  below  low  water.  Above 
low  water,  where  brush  deteriorates  rapidly,  the  bank  is  graded  to  a 
uniform  slope  and  paved  with  rock.     Such  work  is  verj'  expensive. 

The  magnitude  of  bank  protection  and  river  control  on  a  large 
.stream  is  seen  in  a  "Report  by  a  Special  Board  of  Engineers  on  a 
Survey  of  the  Mississippi  from  St.  Louis  to  its  Mouth,"*  with  a 
view  to  obtaining  a  channel  14  ft.  deep  and  of  suitable  width.  On 
page  52  it  is  stated  that  up  to  the  date  of  the  report,  1909,  there 
had  been  expended  by  the  General  Government  on  the  Mississippi 
from  the  mouth  of  the  Mi.ssouri  to  the  head  of  the  Passes  more  than 
$88  000  000.  In  addition,  there  had  been  some  millions  spent  by  the 
riparian  States  and  local  levee  boards. 

Reference  is  again  made  to  Occasionnl  Papers  No.  Jfl,  Engineer 
School,  U.  S.  A.,  being  "A  Resume  of  Operations  in  the  First  and 
Second  Districts  of  the  Mississippi  Improvement,  1882-1901."  This 
material,  which  covers  the  work  done  by  the  jSTational  Government 
under  the  direction  of  the  Army  Engineers,  has  been  compiled  in  de- 
tail by  E.  Eveleth  Winslow,  Major,  Corps  of  Engineers: 

(From  page  45)  :  "It  is  now  considered  settled  that  in  a  plan  for 
the  permanent  improvement  of  the  channel  by  the  contraction  of  its 
low-water  width,  the  work  of  bank  protection  should  precede  the 
lermeable  dikes  and  other  structures  f)f  that  class,  and  that  the  latter 
may  be'  regarded  as  supplementary  in  functions  and  as  necessary  only 
in  a  minority  of  cases." 

(From  page  47):  "It  was  recognized  from  the  beginning  of  the 
Commission's  work  that  the  construction  of  works  of  bank  protection 
and  channel  contraction  in  detached  reaches  would  be  subject  to  in- 
fluences more  or  less  unfavorable  from  changes  in  unprotected  bends 
above.  In  commencing  work  in  the  detached  reaches  of  Plurn  Point 
and  Lake  Province,  the  Commission  was  not  oblivious  of  this  fact, 
l)Ut  was  influenced  by  other  considerations  which  seemed  to  overbalance 
this  disadvantage,  and  it  has  not  since  seen  good  reason  to  doubt  the 
wisdom  of  that  decision.     But  the  experience  gained  in  those  reaches 


*Doc.  50.  6l8t  Confr.,'lst  Sess. 
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Mr.  ciiipliiisized  tlie  fact  that  it  is  higlily  important  in  any  project  for  gen- 
Seliew.  J.,. .J  j,,,,|  permanent  bank  protection  to  leave  no  unprotected  reaches 
above  the  work  done  from  changes  in  wliich  new  conditions  may  be 
l)roduced  in  improved  parts  of  the  river.  And  it  is  considered  by  the 
Commission  that  in  undertaking  a  complete  and  permanent  system  of 
bank  protection  the  work  ought  to  begin  at  the  upper  end  of  the  river 
at  or  near  Cairo  and  be  carried  thence  down-stream  with  substantial 
continuity.     *     *     * 

"It  is  considered  that  the  annual  cost  of  maintenance  of  completed 
work  could  not  be  estimated  at  less  than  ten  per  cent  of  the  original 
expenditure." 

(From  page  233)  :  "The  object  of  bank  revetment  is  to  protect  the 
banks  of  the  river  from  destruction  by  the  currents.  The  active 
agency  in  this  bank  destruction  is  erosion,  and  bank  revetment  must 
therefore  prevent  this  erosion.  Perhaps  the  easiest  and  most  obvious 
method  of  doing  this  is  by  laying  over  the  exposed  surface  of  the 
erodable  bank  a  non-erodable  covering,  and  this  is  the  method  adopted. 
This  non-erodable  covering  must,  of  course,  be  fairly  durable,  must 
have  sufficient  strength  to  withstand  any  strain  put  upon  it,  and  must 
be  free  from  interstices  through  which  scour  might  take  place. 

"Owing  to  the  fluctuations  in  the  river,  the  different  parts  of  the 
bank  are  subjected  to  different  conditions.  Below  the  low-water  line 
the  bank  is  always  wet;  above  that  line  sometimes  wet  and  sometimes 
dry,  and  this  difference  in  conditions  allows,  if  it  does  not  require, 
that  the  portion  of  the  bank  above  and  below  low  water  be  treated 
differently. 

"Above  low  water  the  bank  can  be  seen  and  the  non-erodable  cov- 
ering can  be  laid  with  ease,  and  it  has  been  found  that  here  a  properly 
laid  stone  pavement  forms  an  efficient  protection.  The  individual 
stones  of  this  paving  must,  of  course,  be  so  large  that  they  cannot 
be  moved  by  the  current,  and  it  was  found  by  experience  that  stones  of 
this  size  are  not  of  themselves  sufficient,  as  through  their  interstices 
scour  could  take  place  when  the  bank  was  sandy  and  the  current  strong. 
This  has  been  prevented  by  first  covering  the  bank  with  a  layer  of 
spalls  or  crushed  rock  of  such  thickness  and  closeness  as  to  prevent 
scour  through  them  and  to  hold  this  down  with  a  layer  of  larger  stone. 
Such  protection,  when  carefully  laid,  has  been  proven  to  be  all  that  is 
required  for  the  upper  bank. 

"Below  low  water  the  conditions  are  different.  As  it  is  impossible 
to  construct  the  non-erodable  covering  actually  in  place,  the  next 
best  thing  is  done,  constructing  it  on  the  surface  of  the  water  above 
where  it  is  to  lie,  and  when  constructed  sinking  it.  In  this  way  the 
continuity  of  the  covering  can  be  assured,  and  it  can  be  placed  ex- 
actly where  it  is  needed.  As  has  been  stated,  this  covering  mvist  not 
contain  interstices  through  which  scour  can  take  place,  for  in  such 
a  case  not  only  would  the  purpose  of  the  covering  not  be  fulfilled,  but 
by  such  scour  its  own   eventual   destruction  would   be   assured. 

"The  covering  actually  used  has  been  a  mattress  of  brush  and  the 
only  kind  that  has  been  found  to  prevent  scour  in  very  rapid  cur- 
rents is  the  fascine  mattress.     In  moderate  currents  another  type  of 
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iiiattivss   niifilit   do,   but  as  changes   in  ciirri'iit  cuiiditions   are   always     Mr. 
likely  to  happen  the  fascine  mattress  only  should  he  used."  Sellew. 

(From  page  )1'A\)  :  "In  the  early  work  brush  was  used  as  a  covering  for 
the  upper  bank,  but,  subject  as  it  was  here  to  alternate  submergence 
in  the  water  and  exposure  to  I  lie  ntniosphere.  it  decayed  rapidly  ajid 
possessed  little  strength  after  about  two  seasons,  and  it  was  this  rapid 
decay  of  the  brush  permitting  it  to  be  easily  broken  up  and  expos- 
ing the  bank  to  erosion,  that  led  to  its  disuse  and  the  substitution  for 
it  of  an  all-stone  covering." 

(From  page  -HW)  :  "It  is  probably  safe  to  estimate  that  a  fascine 
mat  built  of  small  brush  will  l)e  elective  for  at  least  twenty-five  years 
and  that  when  a  good  i)ro|i(.rtioii  of  hiriic  l)iusli  is  used  its  life  will  be 
considerably  extended." 

Applying  these  principles  at  Yuma,  revetment  should  begin  at 
Laguna  Dam  and  proceed  continuously  down  stream,  leaving  no  un- 
protected caving  banks  above  completed  work. 

The  portion  of  the  revetment  lying  above  low  water  should  be  con- 
structed by  grading  the  bank  to  about  a  3  to  1  slope  and  paving  it 
with  rock.  This  is  necessary,  as  any  brush  work  laid  on  this  por- 
tion of  the  bank,  being  subject  to  alternate  periods  of  submergence 
and  exposure  to  the  air,  will  deteriorate  in  about  two  seasons  and 
be  of  little  use  in  holding  the  bank.  Below  the  low-water  mark,  the 
sides  of  the  channel  and  the  bottom  for  50  ft.  from  shore  should  be 
protected  by  a  fascine  mattress.  Assuming  that  the  gauge  oscillation 
along  the  stream  is  about  12  ft.,  a  slope  of  •]  to  1  for  this  height 
would  give  an  exposed  bank  of  about  38  ft.,  and,  with  a  stone  paving 
2  ft.  thick,  would  require  76  cu.  ft.,  or,  say,  3  cu.  yd.  of  rock  per  lin.  ft. 
of  bank.  By  using  the  quarries  at  Laguna  Dam  and  Pilot  Knob, 
delivering  the  stone  into  barges,  and  then  towing  the  material  into 
place  for  use,  a  fair  estimate  for  the  material  in  place  on  the  bank 
will  be  about  $2  per  cu.  yd.,  or  $6  per  lin.  ft.  of  bank.  In  addition, 
assume  that  brush  mattress  will  cost  about  $4  per  lin.  ft.,  making  a 
total  for  revetment  of  $10  per  lin.  ft.  of  bank,  or  $50  000  per  mile. 
The  distance  from  Laguna  to  the  Mexican  boundary  is  about  45  miles, 
and  probably  at  least  two-thirds  of  this  distance,  or  30  miles,  will  re- 
([uire  continuous  revetment.  At  a  cost  of  $50  000  per  mile  of  bank 
or  $100  000  per  mile  of  river,  30  miles  of  revetment  would  cost  altout 
$3  000  000. 

The  foregoing  quotations  from  the  Mississippi  reports  state  that  the 
annual  maintenance  of  bank  revetment  should  not  be  taken  at  less 
than  10%  of  the  original  cost,  which  means  that  exix'uditures  for  this 
purpose  must  be  duplicated  each  10  years. 

S.  Waters  Fox,  M.  Am.  Soc.  C.  E.,  an  assistant  engineer  in  charge 
of  some  of  the  Missouri  Kiver  improvements,  states*  that  45  miles  of 
the  alluvial  portion  of  that  stream  had  been  improved  at  a  cost  of 

*  Tratisactionx,  Am.  Soc.  C.  E.,  Vol.  LIV..  p.  S80. 
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Mr.     $2  500  000,  or  about  $56  000  per  mile.     The  division  of  this  cost  was 
^®"*'^-  stated  by  him  as  follows : 

Actual  construction 67  per  cent. 

Care  of,  repairs,  and  moving  plant 22     "       " 

Administration    9     "       " 

Other   items 2     "       " 

100  per  cent. 

It  is  thus  seen  tliat,  in  this  particular  case,  the  cost  of  mainte- 
nance was  more  than  double  that  assumed  for  the  Colorado.  Another 
thing  to  be  considered  in  the  matter  of  bank  protection  is  the  source 
of  the  material  to  be  used.  The  supply  of  rock  in  the  quarries  at 
Laguna  Dam  and  at  Pilot  Knob  is  abundant,  but  the  same  cannot  be 
said  regarding  the  brush,  which  for  the  best  results,  should  be  young, 
live  willow.  In  Occasional  Papers  No.  Jfl,  Engineer  School,  U.  S.  A., 
previously  referred  to,  the  following  appears  on  page  46,  in  an  extract 
from  reports  of  the  Mississippi  River  Commission : 

"Another  fact  now  definitely  settled  is  that  in  the  construction  of 
nuLttresses  of  the  type  now  employed  on  a  large  scale,  the  supply  of 
material  becomes  an  element  of  the  problem  presenting  serious  dif- 
ficulty. The  area  of  willow-producing  bar  necessary  to  supply  material 
for  a  mile  of  fascine  mattress  300  feet  wide  is  practically  five  times 
as  great  as  that  required  for  an  equal  length  of  mattress  built  in  the 
early  years  of  the  work.  The  quantity  of  small  willow  growth  used  in 
this  form  of  mattress  is  so  great  that  the  estimate  of  the  yearly 
supply  available  along  the  whole  length  of  the  river  from  Cairo  to 
Vicksburg  is  not  more  than  sufficient  for  the  making  of  15  miles 
per  annum  of  bank  revetment." 

The  writer  is  not  aware  how  the  growth  of  willow  along  the  Colo- 
i-ado  compares  with  that  along  the  Mississippi  between  Cairo  and 
Vicksburg,  but  will  assume  for  the  present  that  the  quantities  are 
about  equal.  The  assumption  will  also  be  made  that  the  quantity  re- 
quired for  the  Colorado  will  not  be  more  than  one-third  as  much 
as  that  on  the  Mississippi ;  therefore,  if  600  miles  of  river  provide  for 
15  miles  of  revetment  on  the  Mississippi,  it  would  provide  for  45  miles 
on  the  Colorado.  If  600  miles  of  river  will  furnish  material  for  45 
miles  of  revetment,  then  45  miles  of  river  between  Laguna  Dam  and 
the  International  Boundary  would  provide  for  about  3J  miles  of  such 
work  annually.  In  the  30  miles  of  stream  to  which  it  is  suggested  the 
revetment  be  applied  there  would  be  60  miles  of  revetted  bank,  and 
at  3i  miles  per  year  it  would  require  17  years  to  build  this  revetment 
with  the  ordinary  growth.  This  makes  no  allowance  for  the  annual 
repairs,  which  are  estimated  at  10  per  cent.  It  would  also  be  im- 
practicable, even  with  the  material  available,  to  construct  this  revet- 
ment immediately,  not  only  on  account  of  the  constructive  difiiculties 
of  doing  so  much  work  in  a  short  space  of  time,  for  the  control  of  the 
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stream  by  revetting  its  banks  and  contract iiifi;  its  channel  must  neces-     Mr. 
sarily  be  slow  because  tlie  chan.ncs  which  these  works  brinj^  about  can-  '  ®  ^^' 
not  occur  innneiliatcly.      On    this   imint    the   wi'it<'r  (|\int(>s    I'imiii    Occa- 
fiional  Papers  previously  mcutionetl,  paye   11  : 

(From  the  Mississippi  River  Commission's  report  for  1880)  :  "This 
work  is  still  incomplete,  although  its  feasibility  and  value  have,  it  is 
thought,  been  fairly  demonstrated.  It  is,  however,  well  understood 
now  that  it  is  likely  to  prove  a  slower  process  than  was  at  first  supposed, 
for  the  work  cannot  be  hurried.     It  must  be  gradual  and  progressive." 

Seventeen  years  is  entirely  too  long  a  period  over  which  to  stretch 
this  work,  as  the  protection  of  the  Government's  investment  and  the 
welfare  of  the  settlers  demand  that  the  control  of  the  river  be  almost 
immediate. 

The  radical  dilf(>rence  between  the  high-water  and  the  low-water 
channels  of  the  Colorado  furnish  another  obstacle  to  the  foregoing 
form  of  bank  protection.  An  examination  of  the  diagram  (Fig.  38) 
shows,  that  while  protection  of  the  upper  bank  by  the  rip-rap  could 
be  readily  accomplished,  it  would  be  impossible  to  place  the  fascine 
mattress  in  the  proper  position.  At  low  water,  when  conditions  are 
favorable  for  mattress  work,  the  channel  is  so  silted  up  that  a  mat- 
tress sunk  in  position  would  not  even  approximate  the  place  it  should 
occupy  to  protect  the  flood  channel  from  erosion.  At  high  water, 
when  the  channel  is  scoured  out  and  the  bank  to  be  protected  is  ex- 
posed, the  depth  of  water  and  the  velocity  of  the  current  are  too 
great  to  accomplish  work  of  this  class  successfully. 

From  the  foregoing  it  appears  that  mattress  revetment  below  low 
water,  combined  with  rock  revetment  above,  should  not  be  applied  along 
the  Lower  Colorado,  for  the  following  reasons : 

(1)  The  high  first  cost  and  excessive  cost  of  maintenance  (10%); 

(2)  The  time  required  (17  years)  for  the  natural  growth  to  pro- 
duce the  willows  necessary  for  this  form  of  protection; 

(3)  The  impossibility  of  placing  the  mattress  in  its  proper  posi- 
tion, due  to  the  silted  condition  of  the  stream  at  those  seasons 
when  depth  and  velocity  are  favorable  for  such  work ;  and 

(4)  That  in  great  floods  a  concentrated  attack  might  destroy  a 
portion  of  the  mattress  at  a  time  when  its  repair  or  the  pro- 
tection of  the  bank  thus  exposed  would  be  impossible. 

Rock  Bevetment. — Another  method  of  protecting  the  bank  would 
be  to  make  the  revetment  entirely  of  rock.  At  low  water  the  exposed 
slope  would  be  graded,  properly  rip-rapped,  and  at  the  foot  of  this 
slope  a  large  quantity  of  loose  rock  would  be  placed  (Fig.  39).  As  the 
high-water  channel  was  created  by  the  scour  of  the  current,  this  loose 
rock  would  be  undermined  and  gradually  slide  into  position,  making 
a  revetment  along  the  bank  thus  exposed  which  would  be  practically  a 
permanent  protection.     Jn  approximating  the  cost  of  such  work,  let  it 
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be  assumed  that  the  average  depth  along  the  levee  during  high  water 
will  be  about  20  ft.  It  is  known  that  at  exposed  points  where  severe 
cutting  has  been  in  i;rogress  it  has  been  as  much  as  32  ft.,  but,  for  a 
general  average  depth  to  which  revetment  should  extend,  20  ft.  appears 
to  be  safe.  Suppose  that  the  rock  will  stand  at  a  slope  of  2  to  1;  then 
the  length  of  the  revetted  slope  in  contact  with  the  water  will  be  45  ft., 
and,  if  the  revetment  is  2  ft.  thick,  the  area  of  the  section  will  be  90  ft. 
Assuming  tliat.  owing  to  wasteful  methods  by  which  this  is  applied, 
one-half  is  lost,  then  the  sectional  area  of  rock  per  linear  foot  which 
has  to  be  ])laced  along  the  levee  is  135  sq.  ft.,  or  5  cu.  yd.,  or  25  000 
cu.  yd.  per  mile  of  bank,  equal  to  50  000  cu.  yd.  per  mile  of  river. 
For  30  miles  this  would  mean  the  placing  of  about  1  500  000  cu.  yd.  of 
material. 


Flood  Level 


Low- Water  Bed 


High.  ,'-^'V'-|'>' 

\Vatei_Bea.^_^.:;>>  FiG.    39. 

Should  such  a  course  be  adopted,  quarries  would  be  opened  on  each 
side  of  the  river  at  Laguna  Dam,  which,  by  connecting  railroads, 
would  supply  the  levees  within  economic  reach.  Another  quarry  at 
Indian  Hill,  opposite  Yuma,  would  serve  for  the  portions  above  and 
below  for  proper  distances,  while  quarries  at  Pilot  Knob  would  control 
the  remainder  on  the  California  side.  From  this  latter  point,  a  tempo- 
rary trestle,  which  appears  to  be  the  best  arrangement,  would  connect 
with  the  Yuma  Valley  levee,  on  the  Arizona  side  of  the  Colorado. 
Later,  if  it  was  decided  to  extend  similar  treatment  to  the  Gila  levees, 
the  Arizona  quarry  at  Laguna  Dam  would  control  the  levee  on  the 
north  side  of  the  stream,  while  the  south  levee  could  be  reached  from 
Penitentiary  Hill.  Considering  now  only  the  embankments  along  the 
Colorado,  it  appears  that  the  suggested  treatment  will  require  a  rail- 
road over  their  entire  length,  which  is  about  60  miles.  These  levees 
are  already  in  existence,  and  the  cost  of  equipping  them  with  track 
(52-lb.  rails)  is  estimated  as  follows: 

Cost  per  mile  of  railroad  on  existing  levee: 

Steel,  52-lb.  =  90  tons,  at  $30 $2  TOO 

Fastenings    600 

Ties,  2  600,   at  $1.25 3  250 

Track  laying 400 

Train  service 125 

(Say,  $7  000  per  mile) $7  075 
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riuTo  is  a  railroad  ini  [hv.  lu'si-rvatioii  levee  between  Vuina  and  Mr. 
Layuna  Dam,  and  deduetin}?  this  lenjitli  of  l;5  niiles  from  the  CO  miles  *  ®^' 
required  leaves  47  miles  to  Ix-  luiilt.  At  $7  000  per  mile  this  cost 
would  he  $829  000,  to  which  may  he  added  ahout  $10  000  for  the  Pilot 
Knol)  trestle,  givinji-  a  total  for  railroad  eonstruetion  of,  say,  $340  000. 
The  average  length  of  haul  from  these  quarries  will  approximate  15 
niiles.  and  it  shonld  hv  done  for  not  more  than  l.>  eents  per  ton-mile. 
The  1  500  000  eu.  yd.  will  (M|ual  about  3  000  000  tons,  and  with  average 
haul  of  15  miles,  gives  45  000  000  ton-miles,  whieh  at  H  cents  equals 
$()75  000.  Using  large  steam  shovels,  quarries  with  long  and  high  faces, 
mined  with  small  tunnels  in  which  heavy  charges  are  used,  it  would 
appear  that  the  material  coulil  be  placed  on  the  cars  at  an  outside  price 
of  30  cents  per  cu.  yd.;  to  this  should  be  added,  say,  25  cents  per  cu.  yd. 
for  spreading  and  placing  the  rock  on  the  slope,  giving  55  cents  per 
cu.  yd.  as  the  cost  above  that  of  hauling.  At  55  cents,  1  500  000  cu.  yd. 
would  cost  $S25  000,  which,  added  to  the  expense  of  hauling,  makes  a 
total  charge  of  $1500  000,  which  is  increased  to  $1840  000  when  the 
cost  of  building  the  railroad  is  included.  Adding  10%  for  contingencies 
and  repairs  gives  a  round  sum  of  $2  000  000  for  protecting  30  miles 
(if  riv(>r,  or  about  $66  000  per  mile,  equivalent  to  $33  000  per  mile  of 
bank. 

Although  these  estimates  must  be  considered  as  approximations,  it 
appears  that  permanent  rock  revetment  can  be  had  for  not  mon>  than 
one  in  which  mattresses  are  used,  a,nd  probably  for  less.  The  per- 
manence of  the  rock,  its  slight  maintenance  cost,  the  ample  quantity 
available,  and  the  fact  that  it  can  be  placed  as  well  during  attack  at 
high  water  as  at  low,  makes  it  the  best  and  most  economic  protection 
for  the  banks  of  the  river  between  Laguna  Dam  and  the  ^fexican 
boundary.  Once  the  tracks  were  on  the  levee,  exposed  points  could 
be  quickly  protected,  and  the  remainder  of  the  work  could  proceed  as 
desired. 

By  Deflecting  Currents. — Bank  protection  by  deflecting  the  currents 
away  from  the  shore  so  that  erosion  cannot  occur  may  be  done  by 
spur-dikes  or  by  opening  channels  across  sand-bars  which  are  the  cause 
of  the  impingement.  The  deflection  of  currents  by  brush  dikes  has 
been  tried  in  many  localities  and  with  varying  degrees  of  success. 
They  are  subject  to  destruction  by  the  natural  course  of  deterioration, 
by  deep  scour  which  occurs  around  their  outer  ends,  and  by  the  under- 
cutting of  eddies  below  them  which  they  have  created.  They  have  been 
tried  suflSciently  along  the  Lower  Colorado  under  the  writer's  direc- 
tion to  demonstrate  that  at  best  they  are  only  a  temporary  expedient. 
If  built  of  Cottonwood  piling,  which  grows  along  the  banks  of  the 
stream,  their  life  would  not  exceed  2J  or  3  years  as  the  maximum; 
probably  the  average  is  not  more  than  2  years.  Constructed  of  fir 
piling,  they  could  be  depended  on  for  6  or  7  years.     If,  at  the  end  of 


558  DISCUSSION  ON   IRRIGATION   AND  RIVER  CONTROL         [Papers. 

Mr.  that  time,  the  new  banks  which  had  been  created  by  silting  between 
seilew.  ^ijgj^  were  not  protected  by  revetment,  it  is  probable  that  the  dikes  would 
need  renewal,  in  order  to  hold  the  work.  One  other  disadvantage  of 
spur-dikes  is  that  the  proper  location  for  them  is  demonstrated  only  by 
the  varying  attack  of  the  river,  and,  when  this  attack  comes  on,  the 
water  is  generally  so  deep  and  the  currents  so  swift  that  the  dikes 
cannot  be  built.  It  is  then  necessary  to  defend  them  as  best  one  can 
until  lower  water,  and  perhaps,  on  the  falling  stage,  the  river  changes 
its  point  of  attack,  so  that  dikes  are  needed  in  other  places.  In  the 
writer's  judgment,  protection  by  spurs  should  be  used  only  in  an  emer- 
gency ;  they  have  no  place  in  any  permanent  form  of  bank  protection 
on  this  river. 

Dredging. — There  remains  the  method  of  diverting  the  current  by 
opening  up  channels  across  sand-bars.  Wherever  the  banks  have  been 
attacked,  the  impingement  has  been  caused  directly  by  the  formation 
of  deposits  on  the  opposite  side  of  the  stream.  As  these  deposits  build 
out  toward  the  opposite  bank,  the  flowing  prism  of  the  river  is  nar- 
rowed, the  concentration  of  the  water  increases  the  velocity,  the  channel 
is  correspondingly  deepened,  and,  as  a  result,  there  is  deep  water  and 
high  velocity  against  a  caving  bank.  Under  such  conditions,  if  it  were 
possible  to  open  up  a  channel  of  sufficient  dimensions  across  this  bar, 
and  if  the  current  could  be  induced  to  follow  this  new  channel,  the 
attack  on  the  bank  would  be  immediately  relieved.  In  some  instances, 
where  the  encroaching  bar  is  short  and  other  conditions  are  favorable, 
channels  have  been  opened  up  and  relief  secured  by  a  liberal  use  of 
dynamite.  Such  a  method  is  impracticable  in  most  cases  along  the 
river.  It  is  seldom  that  a  condition  occurs  that  can  be  relieved  by 
explosives. 

The  following  is  taken  from  Occasional  Papers  No.  1^1,  page  44: 

"The  experience  with  the  revetment  work  previously  done  had 
shown  it  to  be  inadequate  for  the  purpose,  and  rapid  changes  of  type 
were  not  made  until  there  was  developed  the  standard  of  the 
present  day:  A  fascine  subaqueous  mattress  with  upper  bank  paving 
of  stone.  But  as  the  revetment  work  had  gradually  been  increased  in 
strength,  it  had  also  increased  in  cost,  until  in  the  new  standard  type 
the  cost  had  reached  about  $30  per  linear  foot  of  bank,  or  approxi- 
mately $150  000  per  mile. 

"As  the  large  cost  of  a  systematic  improvement  of  the  whole  river 
became  evident,  the  Commission  was  led  to  investigate  means  for 
temporarily  improving  navigation  during  the  low-water  season.  The 
principal  obstructions  met  with  are  the  sand  bars  built  up  during  high 
stages,  through  which  the  river  slowly  cuts  a  channel  as  the  flood 
recedes.  If  this  process  could  be  assisted  and  hastened,  naviga.tion 
would  be  improved  thereby,  and  to  this  end  experiments  were  made 
with  dredges.  These  experiments,  started  in  1894,  were  successful 
and  as  a  result  the  Commission  was  led  to  reconsider  the  whole  sub- 
ject of  the  river  improvement,  and  as  a  result  of  this  stvidy  the  Com- 
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mission   decided    to   adopt    a    new    |)lan   lor  future   operations,   namely,    Mr. 
to  depend  for   the  relief  of  tlie   immediate  needs  of  navigation   upon  Seliew. 
dredging,    ami    to    restrict    the    improvement    hy    bank    revetment    to 
special  localities,  where  local   interests  or  necessities  demanded  it." 

(From  page  46) :  "From  all  these  facts  together  it  became  apparent 
several  years  ago — not  all  at  once,  but  gradually,  as  facts  accumulated 
and  the  deduction  of  experience  was  unfolded — that  it  was  not  pos- 
sible hy  any  or  all  of  the  methods  which  had  been  employed  to  ac- 
complish such  permanent  improvement  of  the  river  from  Cairo  down 
as  was  necessary  to  meet  the  urgent  demands  of  commerce  within  any 
reasonable  time  to  come.  It  was  this  disagreeable  but  unavoidable 
ct)nelusion  from  the  work  of  preceding  years,  together  with  the  recent 
and  wonderful  development  of  the  hydraulic  dredge,  that  led  the 
Connnission  to  undertake  the  experiments  of  dredging  the  bars  of  the 
river  with  the  view  to  the  temporary  improvement  of  its  low-water  clian- 
nel  which  has  been  detailed  in  recent  reports  of  the  Commission  and 
to  which  more  extended  reference  is  made  elsewhere  in  this  report. 
Tliose  experiments  have  proceeded  favorably  so  far  as  to  hold  out  a 
reasonable  probability  of  entire  success." 

A  suction  dredge  of  large  capacity  and  light  draft  which  could  be 
maneuvered  in  the  Colorado  during  flood  stages  would  be  of  value  in 
opening  channels  across  sand-bars.  During  low  water  the  dredge  could 
be  used  in  creating  a  channel  about  midway  between  the  levees  at  those 
points  where  attack  from  caving  banks  was  imminent.  The  excavated 
material  could  be  deposited  in  the  vicinity  of  the  levee  through  pipes 
carried  on  pontoons,  thereby  building  the  banks  and  making  their 
alignment  more  regular. 

It  might  appear  at  first  thought  that  the  quantity  of  material  to 
be  moved  would  require  a  dredge  of  unheard  of  proportions,  and  that 
the  expense  would  be  prohibitive,  but  such  work  appears  to  be  well 
within  the  range  of  the  hydraulic  dredges  as  developed  for  work  on 
the  Mississippi  River,  the  largest  of  which  have  a  capacity  of  2  000 
cu.  yd.  per  hour.  About  one-third  of  their  time  is  lost  in  tie-ups  for 
repairs  during  high  water,  maneuvering  for  position  on  bars,  and  in 
change  of  position,  so  that  throughout  the  year  the  dredge  would 
operate  not  more  than  240  days,  or  5  TOO  hours.  Such  operation  of 
the  dredge  would  result  in  removing  about  11000  000  en.  yd.  of 
material. 

Assuming  a  low-water  discharge  of  4  500  sec-ft.,  passing  Yuma  with 
a  velocity  of  3  ft.  per  sec,  the  area  of  the  flowing  prism  would  be 
1  500  sq.  ft.  If  this  was  excavated,  with  a  depth  of  5  ft.  and  a  width 
of  300  ft.,  the  45  miles  of  such  channel  between  Laguna  Dam  and  the 
Sonora  line  would  contain  about  12  400  000  cu.  yd.  It  is  clear  that  no 
such  quantity  of  excavation  will  ever  be  required  along  the  lower  river 
in  any  one  season,  therefore  the  dredge  under  discussion  has  ample 
capacity.  The  questions  to  be  examined  are:  (1)  its  cost;  (2)  whether 
it  can  be  designed  of  dimensions  which  will  allow  it  to  navigate  the 
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Mr.     shallow  and  tortuous  channels  of  the  Colorado;  and  (3)  whether  it  can 
seiiew.  ^^^  operated  during  floods  for  opening  channels  across  the  bars. 

Referring  to  Document  50,  61st  Congress,  page  55,  where  is  shown 
a  memorandum  of  a  project  for  maintaining  by  hydraulic  dredging 
alone  a  navigable  channel,  14  ft.  deep  and  500  ft.  wide,  between  St. 
Louis  and  the  mouth  of  the  Ohio  River :  The  estimates  provide  for 
20  dredges,  each  with  a  capacity  of  2  000  cu.  yd.  per  hour,  to  cost,  with 
all  attendant  floating  plant,  tools,  auxiliaries,  etc.,  $6  000  000,  or 
$300  000  per  dredge.  The  annual  maintenance  is  stated  as  $100  000  per 
dredge.  In  estimating  the  cost  of  a  dredge,  its  life  is  here  assumed 
as  20  years,  and  a  sinking  fund  is  provided  for  its  renewal  at  the  end 
of  that  time. 

Estimated   Annual   Cost   of  Dredges. 

Interest  at  3%  on  $300  000 $9  000 

Annual   maintenance 100  000 

Sinking  fund 11  166 


$120  166 


The  maintenance  of  the  channel  by  dredging  would  require  con- 
tinuous work,  year  after  year,  no  permanent  results  being  obtained. 
]n  about  16  years  the  svnn  of  the  annual  maintenance  would  equal  the 
estimated  cost  of  the  rock  revetment,  and  the  maintenance,  capitalized 
at  3%,  gives  an  amount  double  that  for  which  it  appears  a  safe  and 
i;ermanent  bank  protection  may  be  obtained.  Whether  or  not  a  dredge 
can  be  built  to  satisfy  the  local  conditions  cannot  be  stated  from  the 
data  at  hand,  but  as  such  operations  will  cost  double  those  necessary 
for  permanent  bank  protection,  further  examination  in  this  direction 
appears  to  be  needless. 

Conclusions. 

The  purpose  of  this  discussion  is  to  indicate  in  a  general  way  the 
present  conditions  along  the  Lower  Colorado,  and  to  point  out,  from  an 
analysis  of  the  data  here  assembled,  the  future  course  which  will  proba- 
bly be  productive  of  the  best  results.     It  appears : 

(1)  That  in  their  present  state,  the  levees  are  at  the  mercy  of  the 
meanders  of  the  stream,  except  throughout  those  portions  where  a 
railroa.d  occupies  the  levee  top; 

(2)  That  checking  the  meanders  of  the  stream  by  permeable  dikes 
during  low  water  and  brush  defences  during  high  water  are  simply 
emergency  works  which  accomplish  no  permanent  good ; 

(3)  That  owing  to  the  large  amount  of  scour  during  freshets  and 
the  fill-back  on  the  falling  stage,  bank  protection  by  means  of  willow 
mattresses  as  constructed  in  other  places  is  impractical,  if  not 
impossible; 
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(4)    That   bank   rivctiiiciil.   pciniaiiciit    in   cliaractor  and   rca.-ioiiable     Mr. 
in  eo.st.  when  coniparofl  witli  other  methods,  can  Ito  readily  and  quickly 
aeeomplished   with   rock    phiced    from    railroad   trains   operated   on   the 
levee  tops  and  conneetinfr  with  exist injr  (piarrios   which   are  within   a 
reasonable  distance; 

(.">)  That  further  iiivestijiation  is  needed  before  it  can  be  predicted, 
witii  any  dofrree  of  aeeuracy,  what  effect  the  possible  storage  of  flood 
water  on  the  ujiper  reaches  will  have  on  the  flood  discharge  and  the 
meandering  tendency  of  the  lower  river; 

(6)  That  it  is  doubtful  if  the  amount  of  control  obtained  in  this 
manner  will  eliminate  the  necessity  of  bank  protection,  and,  even  if 
such  control  could  be  obtained,  a  number  of  years  must  elapse  before  it 
can  be  made  effective; 

(7)  In  the  meantime,  existing  w'orks  will  continue  to  be  menaced, 
therefore  protective  measures  of  greater  or  lesser  magnitude  must  con- 
tinue. In  view  of  this  fact,  and  the  probability  that  some  caving  banks 
will  always  exist,  the  money  spent  for  their  protection  should  be  for 
permanent  revetment. 

Nothing  in  the  foregoing  should  be  construed  as  opposing  in  any 
degree  the  creation  of  storage  works  at  the  head-w^aters  of  the  Colorado. 
All  feasible  sitas  should  be  carefully  examined,  their  probable  in- 
fluence estimated,  and  a  well-determined  construction  plan  matured. 
Such  preliminary  action  is  necessary  before  the  advantages  to  come 
from  the  complete  development  of  this  river  can  be  realized. 

The  destiny  of  this  stream  should  be  controlled  by  engineers  rather 
than  by  statesmen,  as  the  author  suggests. 

Elwood  Mead,  M.  Am.  Soc.  C.  E.  (by  letter). — The  authors  able  Mr. 
review  of  the  irrigation  development  in  the  Imperial  Valley  and  the 
measures  taken  to  control  the  Colorado  River,  describes  the  most 
unique  achievement  in  American  engineering  since  Eads  deepened  the 
mouth  of  the  Mississippi.  The  Society  is  indebted  to  Mr.  Coi-y  for 
having  given  such  a  complete  history. 

If  the  gap  in  the  Colorado  had  not  been  closed.  Imperial  and  a 
score  of  other  towns  would  have  been  buried  deep  under  the  waters  of 
an  inland  sea;  the  grain  fields  and  orchards  of  thousands  of  farmers, 
and  representing  the  savings  of  lifetimes,  would  have  been  blotted  out ; 
one-twelfth  of  the  irrigated  area  of  California  would  have  disappeared ; 
the  Lpguna  Dam  would  to-day  have  probably  been  only  a  memory; 
and  the  greatest  change  in  the  earth's  geography  which  has  taken  place 
within  recorded  time  would  have  been  an  established  fact. 

Only  those  who  heard  the  turbulent  torrent  that  roared  through  the 
break  in  the  bank  of  the  Colorado  and  saw  the  forest-covered  lands 
along  the  new  channel  melt  and  disappear  in  its  depths,  could  under- 
stand  the   appalling   nature  of   the  disaster   which   impended   and   the 
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Mr.  tremendous  odds  wliicli  had  to  be  faced  to  restore  the  river  to  its 
®*  •■  original  channel. 

In  this  attempt  <in  expenditure  of  more  than  $1  000  000  had  to  be 
risked,  with  the  chances  on  the  side  of  failure.  The  courage  with 
which  Mr.  Randolph  and  Mr.  Cory  assumed  their  trying  responsibility, 
and  the  generalship  which  they  showed  in  handling  their  inniiensc 
equipment,  are  not  made  clear  in  Mr.  Cory's  paper.  Only  those  who 
knew  the  conditions  faced  can  fully  appreciate  the  superb  merit  of  their 
achievement. 

The  chief  value  of  this  paper,  however,  is  not  found  in  its  descrip- 
tion of  the  engineering  methods  used,  but  in  the  social  and  political 
conditions,  attending  irrigation  development  in  the  West,  which  it 
reveals.  This  history  shows  that,  so  far  as  this  enterprise  was  con- 
cerned, there  was  an  utter  lack  of  public  direction  and  supervision,  or 
either  State  or  National  aid;  and,  as  these  are  fundamental  features 
of  irrigation  development,  it  is  that  portion  of  the  paper  which  the 
writer  proposes  to  discuss. 

If  it  is  the  duty  of  the  Government  to  conserve  the  public  re- 
sources and  to  give  any  regard  to  the  general  welfare  of  the  people  de- 
veloping them,  this  should  be  shown  by  the  enactment  of  intelligent 
land  and  water  laws  and  adequate  administrative  control  of  streams,  as 
this  is  the  only  means  of  ensuring  the  full  development  of  thes':'  re- 
sources and  the  right  conditions  of  life  in  the  arid  West.  This  part  of  the 
country  embraces  two-fifths  of  the  Nation's  area.  It  was  almost  worth- 
less without  irrigation,  it  is  immensely  valuable  now,  but  the  change 
has  been  accompanied  by  a  waste  of  effort,  a  loss  of  money,  and  the 
infliction  of  hardships  and  injustice  which  could  have  been  easily 
prevented  if  the  State  a.nd  National  law  makers  had  done  their  duty. 

When  Western  settlement  reached  the  arid  region,  Congress  should 
have  provided  for  the  diversion  of  rivers  under  public  control,  and  in 
accordance  with  a  general  plan.  This  woidd  have  secured  the  irriga- 
tion of  the  best  land,  prevented  the  duplication  of  canals,  or  the  build- 
ing of  canals  where  there  was  no  water  to  fill  them.  It  should  either 
have  built  the  large  and  costly  irrigation  works  as  Government  projects, 
or  safeguarded  the  private  investments  in  these  works,  by  making 
land  and  water  security  for  the  cost.  Instead  of  this,  there  has  never 
been  any  satisfactory  title  to  water,  and  the  public  land  has  almost 
invariably  passed  into  a  control  hostile  to  or  independent  of  the  irriga- 
tion works.  Instead  of  adequate  securitj^,  there  was  never,  prior  to  the 
passage  of  the  Carey  Act  and  the  Wyoming  State  law  accepting  this 
Act,  any  security  for  the  money  spent  in  irrigation  works  to  water 
public  lands,  and  at  least  three-fourths  of  these  enterprises  were 
financial  disasters. 

If  all  important  irrigation  works  had  been  built  by  the  Govern- 
ment, money  could  have  been  obtained  at  one-fourth  the  interest  charge 
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the  majority  of  privato  prdjwls  had   to  pay.   and  without  the  ruinous    Mr. 
discounts   on    loans   wliich    the    flotation    ol'    these  enterprises   entailed.  ^^^''' 
I.ow  interest  rates  would  have  niadi'  nuieli  lower  water  charges  possible 
and  ilui.s  r(Mnnv(- 1  fi'oiu  Anieriean  irrij.;ation  its  most  serious  handicap. 

It  llui-e  luid  lieeii  au.v  attcmjit  to  frame  a  land  law  suited  to  require- 
ments in  the  arid  region,  it  would  have  at  once  been  manifest  that 
the  homestead  should  have  been  reduced  in  acreage  instead  of  in- 
creased, because  it  requires  more  labor  to  cultivate  80  irrigated  acres 
than  it  does  160  acres  watered  by  rain,  and  the  returns  are  larger. 
Instead  of  reducing  the  homestead  and  restricting  settlement  to  home- 
steads, however,  the  Desert  and  Land  Act  was  passed,  which  gave 
040  acres  to  the  individual,  conferring  title  without  residence,  without 
cultivation,  and  too  often  with  the  mere  pretence  of  watering.  The 
Desert  Land  Act  was  promoted  by  the  rich  range  stock  owner.  It  was 
the  worst  handicap  irrigation  ever  had,  and,  instead  of  aiding  the  de- 
serving settler,  it  took  away  his  best  oi)portunities.  Instead  of  public 
control  of  streams,  men  fought  for  their  possessions  with  shotguns 
and  shovels  along  the  banks,  or  wMth  more  costly  weapons  in  the 
Courts,  where  litigation,  instead  of  settling  issues,  as  a  rule,  created 
new  fields  for  controversy.  The  water-right  litigation  of  the  arid 
States  has  not  only  been  a  continuing  source  of  ill-feeling,  injustice, 
waste,  and  loss,  but  its  existence  is  a  reflection  on  the  capacity  of  the 
law  makers  who  are  responsible  for  it.  An  understanding  of  these 
matters  is  necessary  rightly  to  interpret  wdiat  occurred  in  the  Imperial 
Valley. 

The  irrigation  and  settlement  of  the  desert  of  Southern  California 
should  never  have  been  left  to  private  enterprise.  This  was  a  case 
calling  for  direct  Governmental  control  and  responsibility.  The  desert 
was  below  sea  level.  It  was  worthless  to  the  State,  dangerous  to  travel- 
ers, and  ugly  to  look  upon.  It  was  known  that  the  Colorado  River 
was  a  stream  subject  to  torrential  floods,  and  that  the  banks  were 
alluvial;  and  it  required  only  the  slightest  consideration  to  realize  the 
danger  which  would  menace  settlers  if  the.y  were  allowed  to  make 
homes  in  this  valley  without  the  diversion  works  being  mado  safe 
beyond  question.  The  benefits  which  would  come  from  irrigation  and 
settlement  made  it  a  matter  of  direct  concern  to  every  resident  of 
California,  gave  the  project  a  National  importance,  and  justified  its 
construction  as  a  public  work. 

If,  however,  the  State  did  not  build  the  works,  it  was  its  duty  to 
supervise  them  and  protect  the  private  enterprise  which  did.  Before 
investors  were  allowed  to  risk  their  capital  or  settlers  risk  their  lives 
and  comfort,  some  public  authority  should  have  seen  to  it  that  the 
land  was  fit  to  cultivate,  and  that  there  was  a  legal  title  to  water; 
and  there  should  have  been  an  inspection  of  engineering  plans  and  an 
investigation  of  financial  arrangements. 
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Mr.  Instead  of"  this,  an  irresponsible  company   witliont   capital  employs 

*'''^**'  an  engineer,  whom  it  fails  to  pay.  A  right  to  10  OLIO  en.  ft.  per  sec. 
of  a  navigable  international  stream  is  established  by  the  engineer 
posting  a  notice  in  an  uninhabited  jungle  of  weeds  and  brush.  Of 
course,  this  was  a  farce,  but  it  was  the  manner  of  establishing  water 
titles  prescribed  by  the  law  of  California.  That  the  title  was  worth- 
less was  shown  later,  but  the  early  investors  did  not  know  this,  they 
trusted  the  State  to  uphold  and  defend  its  statutes,  and  were  betrayed. 
Any  one  who  reviews  this  record  must  be  amazed  at  the  exhibit  of 
imperfect  laws  and  the  incompetence  or  indifference  of  the  public 
authorities.  The  surveys  of  public  lands  were  shown  to  have  been 
fraudulent,  which  was  ba.d  enough,  but  the  delay  of  six  years  in  correct- 
ing them  was  infinitely  worse.  The  examination  of  the  soil  should 
have  been  made  before  settlement  instead  of  afterward,  and  should 
never  have  been  made  except  by  experts  having  practical  knowledge 
of  irrigation.  Instead  of  a  proper  land  law,  much  of  the  land  was 
acquired  by  non-resident  speculators. 

When  the  water  title  was  attacked  by  the  Interior  Department, 
it  was  the  duty  of  the  State  to  defend  its  authority  to  grant  titles  and  to 
protect  this  struggling  project  and  the  unfortunate  settlers.  For  this 
protection,  however,  they  had  to  look  to  a  foreign  country,  and  one 
wonders  what  would  have  been  the  result  if  Mexico  had  been  as  in- 
different as  the  United  States.  This  attack  on  the  water  title  by 
the  United  States  seems  to  have  been  morally  wrong  even  if  legally 
defensible. 

Finally,  when  it  was  known  that  the  river  was  beyond  control, 
and  the  most  appalling  calamity  that  ever  menaced  the  State  of  Cali- 
fornia was  impending,  it  should  not  have  been  left  to  a  bankrupt  com- 
pany and  impoverished  settlers  to  cope  imaided  with  this  disaster. 
It  was  the  duty  of  the  State  or  ISTation  to  take  charge,  and  provide 
the  money  and  men  needed  to  restore  the  river  to  its  former  channel. 
Apparently,  no  one  in  authority  was  interested,  the  State  Government 
only  considered  the  matter  long  enough  to  write  a  letter  to  the  Presi- 
dent, and  the  President,  having  Congress  on  his  hands,  shifted  the 
responsibility  to  the  head  of  a  railroad  company;  and  it  was  not  until 
this  railroad  company  took  charge  that  we  have  the  first  refreshing 
example  of  generosity  and  public  spirit.  Nothing  could  have  been 
finer  than  the  action  of  Mr.  Harriman.  The  loan  of  $250  000  when 
his  time  and  resources  were  overtaxed  by  the  earthquake  at  San 
Francisco,  providing  more  than  $1  000  000  for  the  last  hazardous  at- 
tempt to  save  the  valley,  furnishes  an  inspiring  contrast  to  the  su]nne 
indifference  and  irresponsibility  shown  by  both  the  State  and  Federal 
authorities. 

The  Imperial  Valley  produced  last  year  crops  worth  $10  000  0(10. 
The  most  desolate  part  of  California  has  become  attractive,  productive. 
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and  profitable;  but,  wluni  ono  contemphili's  tlic  hardship,  anxiety,  and    Mr. 
suflFcring  of  settlers,   and   the  waste  and   lo?s  tn   ilu-   investors  in   the 
entiM'prise.  one  cannot  help  feelinp:  that  the  conditions  wliidi   imposed 
such   iiurdens  on   development   oufjht   to  be   removed. 

The  National  and  Stale  benefits  whicli  have  resulted  ought  to 
have  brought  both  wealth  and  public  recof;nition  to  the  pioneers  of 
thtt  enterprise;  instead,  its  engineer  and  organizer  was  in  the  end 
cast  on  the  scrap  heap,  his  life  work  wasted;  and  a  large  percentage 
of  the  jiioneer  settlers,  after  untold  hardshii)s,  iind  to  give  up  and 
leave.  Many  of  those  now  in  the  valley  have  had  to  pay  high  prices 
fur  their  land  as  the  result  of  early  acquirement  by  si)eculators.  The 
Southern  Pacific  Company,  although  requested  by  the  President  of 
the  United  States  to  save  this  valley  from  destruction,  has  not  been 
paid  for  doing  so.  The  speculators  in  the  company,  who  were  astute 
enough  to  get  two  dollars  for  one,  have  in  many  instances  become  rich ; 
the  lawyers  who  have  had  charge  of  the  unending  litigation  have  reaped 
a  fruitful  harvest ;  but  those  who  worked  for  the  real  success  of  the 
enterprise,  the  men  who  risked  their  own  comfort  and  that  of  their 
families  to  create  homes,  have  paid  penalties  which  are  entirely  un- 
necessary where  irrigation  development  is  carried  out  under  a  proper 
system  of  public  control. 

^Ir.  Cory's  paper  needs  to  be  read  in  connection  with  that  recently 
-iihniitted  by  Mr.  Lewis,  the  State  Engineer  of  Oregon;  both  papers 
.-how  the  need  for  a  change  in  the  public  conception  of  the  duties  and 
responsibilities  of  the  Government  in  conserving  and  developing  public 
resources,  and  a  general  apiu'cciation  of  the  need  of  more  effective  laws 
for  safeguarding  investments  and  making  the  settlement  of  arid  lands 
easier,  cheaper,  and  safer  than  this  has  been  in  the  past. 
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A  SUGGESTED  IMPROVEMENT   IN  HUILDING 
WATER-BOUND   MACADAM   ROADS. 

Discussion.* 


By  Messrs.  F.  G.  Frink,  C.  H.  Sweetser,  and  W.  W.  Crosby. 


V.  a.  Frink,  Assoc.  M.  Am.  Soc.  C.  E.   (by  letter).— It  is  hoped    Mr. 
that  Mr.  Meem  will  publish  such  information  in  regard  to  topography,  ^"°'^- 
climate,  sub-grade,   kind  of  stone,  expected  traffic,   etc.,   as  will  show 
the  range  of  adaptation  of  the  design  presented.     In  this  way  costly 
experiments  may  be  avoided. 

The  writer's  experience  leads  to  the  conclusion  that  the  "variance 
in  specifications,"  deplored  by  the  author,  is  really  one  of  the  most 
encouraging  features  in  the  development  of  road  building,  as  it 
implies  a  recognition  of  the  widely  differing  conditions  to  be  met. 
The  use  of  a  design,  because  it  has  been  a  success  in  some  other  locality, 
may  result  in  loss  of  time  and  money. 

For  example,  experience  teaches  that  a  road  constructed  with  such 
a  base  as  the  one  cited  would  probably  fail  in  a  section  where,  by 
porosity  of  the  soil  and  seepage  from  higher  land,  the  sub-grade  was 
saturated  for  extended  periods.  In  this  case  the  base  must  be  rendered 
as  nearly  impervious  as  possible  by  using  fine  material  at  the  bottom 
to  fill  the  voids. 

Bearing  in  mind  Macadam's  insistence  on  the  use  of  small  frag- 
ments, the  writer  would  suggest  the  query:  Is  a  road  ever  the  better 
for  having  large  stone,  say,  greater  than  1^  in.,  in  any  part  of  its 
section? 

♦This  discussion  (of  the  paper  by  J.  L.  Meem,  Assoc.  M.  Am.  Soc.  C.  K..  published  in 
December.  1912,  ProccediiKix,  and  presented  at  the  meetinc  of  February  liith,  lfll3i.  is 
printed  in  Proceedingsiri  orAev  that  the  views  expressed  may  be  brought  before  all  members 
for  further  discussion. 


568    •  DISCUSSION  ON  WATER-BOUND  MACADAM  ROADS  [Papers. 

Mr.  C.  H.  SwEETSER,  M.  Am.  Soc.  C.  E.   (by  letter). — The  method  of 

Swee  ser.  ggpaj-gting  the  screenings  into  two  sizes,  as  suggested  by  Mr.  Meem 
and  used  successfully  on  the  Memphis-Bristol  Highway,  in  Tennessee, 
seems  to  be  an  improvement  over  the  usual  specification  for  the  appli- 
cation of  the  binder  course.  The  writer  has  obtained  a  quicker  bond 
by  applying  the  screenings  in  small  quantities  until  the  required  bond 
was  obtained.  When  the  dust  of  fracture  is  applied,  together  with 
the  coarse  material  in  the  screenings,  the  dust  when  wet  seems  to 
"ball"  up  and  prevent  the  coarse  material  from  filling  quickly  the 
voids  in  the  macadam.  From  the  experience  on  the  Memphis-Bristol 
Highway,  the  suggested  improvement  would  seem  to  hasten  the  obtain- 
ing of  a  proper  bond. 

A  few  words  on  water-bound  macadam  and  the  automobile  may 
not  be  out  of  place.  Engineers  should  hesitate,  and  consider  local 
conditions  very  carefully,  before  specifying  the  construction  of  water- 
bound  macadam  highways.  With  the  improvement  of  the  highway, 
automobile  traffic  is  sure  to  increase,  and  it  soon  becomes  necessary 
to  construct  a  surface  which  will  withstand  this  traffic.  In  the  majority 
of  cases  the  most  economical  time  to  do  this  is  when  the  improvement 
is  first  made.  Mr.  Meem  states  that  the  suggested  improvement  is 
"less  affected  by  automobile  traffic."  Why  not  construct  at  once,  so 
that  it  will  not  be  affected  at  all? 

In    spite    of    knowledge    gained    through    the    experience    of    road 
builders,  both  in  the  United   States   and   Europe,   there   are  miles  of 
water-bound    ma,cadam    roads    being    built    in    America    where    some 
other  form  of  pavement  should  have  been  specified. 
^  Mr.  W.  W.  Crosby,  M.  Am.  Soc.  C.  E.  (by  letter).— The  author  refers 

^'  to  the  'H^ond"  of  the  road,  apparently  meaning  the  cemented  condition 
brought  about  by  the  action  of  water  on  the  stone  dust.  If  this  deduc- 
tion is  correct,  the  writer  cannot  agree  with  one  of  the  author's  prem- 
ises, namely,  that  such  a  "bond"  is  "the  difficult  and  essential  thing 
to  obtain  in  a  water-bound  road." 

If,  however,  the  "bond"  is,  as  the  writer  understands  the  term,  the 
interlocking  of  the  angular  particles  of  stone  with  each  other,  supple- 
mented by  the  cementing  of  the  fine  material,  then  the  writer  is  pre- 
pared to  agree  with  Mr.  Meem  to  a  certain  extent.  The  qualification 
he  has  in  mind  is  that  such  a  bond,  while  always  essential,  is  only 
difficult  to  secure  with  proper  stone  where  the  sub-grade  for  any 
reason  is  inclined  to  chum  up  into  the  macadam  stone  and  by  its 
intrusion  prevent  their  proper  compaction.  Such  a  bond,  of  course, 
costs  something  to  secure  by  rolling,  but  this  does  not  seem  to  the 
writer  to  be  a  real  "difficulty." 

Tho  method  of  construction  proposed  by  Mr.  Meem  has  been  tried 
by  the  writer  on  various  occa.sions,  but  without  his  becoming  favorable 
to  it.     In  one  or  two   instances,   where   "granolithic"   or  "grit"    (the 
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chips   between    the    \-    nnd    A-iii.    screens)    was    in    demand    for   other     Mr. 
purposes,    the    cruslier   product   was    rohhed   of   a    jnirt   of   this   portion 
and  tlie  remainder  was  used  as  described  by  the  author  in  two  applica- 
tions,   without    other   beueHt    than    sccurinji-    in    this    way   some   "grit" 
for  another  use. 

It  seems  to  tlie  writer  that  probably  llie  superiority  of  results, 
stated  by  Mr.  Meem  as  secured  by  his  method,  comes  from  the  applica- 
tion of  the  screenings  in  two  relatively  tliiii  layers  with  thorough  roll- 
ing between  them. 

Too  many  roads  are  built  where,  after  rolling  the  second  course 
(or  "No.  2"  stone),  the  screenings  are  applied  heavily  in  one  coat  an 
inch  or  more  thick,  and  rolled  and  watered  until  tlie  surface  seems 
to  be  cemented.  Such  roads  seldom  wear  well,  raveling  shortly  and 
continually.  The  cementing  thus  secured  is  superficial,  and  the 
macadam  beneath  is  porous.  If,  however,  the  screenings  are  applied 
in  thin  layers,  and  each  layer  is  flushed  and  rolled  into  the  voids  of  the 
"No.  2's,"  then  the  macadam  will  be  more  dense  and  less  likely  to 
ravel.  In  the  writer's  opinion,  with  the  latter  method,  it  makes  very 
little  difference  how  the  screenings  then  are  made  up  as  to  sizes, 
unless  they  come  from  limestone.  In  the  latter  case  a  sufficient  quan- 
tity of  coarse  particles  or  non-cementitious  material  must  be  added, 
by  mixing  or  by  separate  application,  to  offset  the  extreme  tendency 
of  the  fine  limestone  material,  by  forming  a  paste  on  the  surface, 
to  prevent  the  proper  filling  of  the  voids  in  the  macadam. 

The  writer's  specifications,  in  this  particular,  have  been  as  follows: 

"Third  Coursk. 

"Material. 

"173. — The  third  course  of  the  macadam  construction  shall  con- 
sist of  trap  rock  screenings  varying  in  size  from  dust  to  1-inch  pieces. 
Other  material  tha.n  trap  rock  screenings  may  be  used  if  approved 
by  the  Engineer.  Limestone  screenings  shall  not  be  used  with  a 
limestone  second  course,  \inless  approved  in  writing  by  the  Engineer,  or 
unless  clean  sand,  approved  by  the  Engineer,  is  u.sed  in  substitution 
under  the  direction  of  the  Engineer,  for  at  least  50%  of  the  limestone 
screenings. 

"Spreading. 

"174_ — After  the  second  course  of  No.  2  stone  has  been  rolled  and 
completed  as  above  described,  the  screenings  shall  be  spread,  but  in 
no  case  shall  screenings  be  used  until  the  second  course  has  been 
thoroughly  rolled  a.nd  com|)acted.  The  screenings  shall  be  spread  dry. 
with  shovels  from  piles  alongside  the  road  or  from  dumping  boards; 
but  in  no  case  shall  the  screenings  be  dumped  directly  on  the  second 
course.  The  quantity  of  screenings  used  shall  be  such  as  will  just 
cover  the  second  course. 
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Mr.  "Watering  and  Rolling. 

Crosby.  "175. — After  the  screenings  are  spread  they  shall  be  first  rolled  dry 
and  then  sprinkled  with  water  from  a  properly  constructed  sprinkling 
cart,  and  then  re-rolled  with  a  steam  roller  weighing  not  less  than 
ten  tons.  The  amount  of  water  necessary  shall  be  determined  by  the 
Engineer.  The  rolling  shall  begin  at  the  sides  and  continue  until  the 
surface  is  ha.rd  and  smooth  and  shows  no  perceptible  tracks  from 
vehicles  passing  over  it. 

"176. — If,  after  rolling  the  screenings,  the  No.  2  stone  appears  at 
the  surface,  additional  screenings  shall  be  used  in  such  places. 

"177. — The  rolling  and  watering  shall  continue  until  the  water 
flushes  to  the  surface.  The  rolling  is  to  extend  over  the  whole 
width  of  the  road,   including  the  shoulders." 

The  closing  sentence  of  Paragraph  174  should  be  noted,  and  this, 
followed  by  Paragraph  176,   illustrates  the  point  above  made. 

The  writer  thinks  he  sees  one  danger  in  the  method  proposed  by 
Mr.  Meem.  It  is  that,  by  first  partly  filling  the  voids  in  the  surface 
of  the  "No.  2's"  through  the  application  of  the  grit  and  by  then  com- 
pletely filling  the  remaining  voids  in  the  surface  by  the  application  of 
the  finer  sizes,  the  penetration  of  the  finer  sizes  into  the  voids  in  the 
body  of  the  macadam  will  be  obstructed  or  prevented.  It  is  the 
writer's  experience  that  the  best  macadam  will  ha.ve  a  maximum 
density,  not  only  on  or  near  its  surface,  but  also  well  down  into  the 
macadam  itself. 
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ON  l.()X(J  TLMi:  TESTS  ()l^  l/OliTLAND  CEMENT, 
Discussion.* 


Bv  Messrs.  Chandler  Davis,  L.  J.  Le  Conte, 
AND  George  G.  Honness. 


Chandler  Davis,  M.  Am.  Soc.  C.  E.  (by  letter). — While  connected    Mr 

with  the  Dock  Department  of  the  City  of  New  York,  the  writer  carried  ^^'^'^^ 
on  a  series  of  long-time  tests  of  Portland  cements,  covering  a  period 
of   10   years.      The   cements   used   conformed   to   all   the   requirements 
of  the  Department  standard  specifications  of  1898,  the  principal  clauses 
of  which  were  as  follows : 

"Slow-setting  cement,  gauged  neat,  must  not  set  within  A  hour 
after  being  mixed  with  water. 

''The  neat  cement,  after  T  days  (1  day  in  air  and  6  in  water)  must 
be  capable  of  sustaining  without  rupture,  a  tensile  strain  of  at  least 
300  lb.  per  sq.  in. 

"^lixed  one  part  cement  to  two  parts  sand,  it  must,  after  7  days 
(1  day  in  air  and  6  in  water),  be  capable  of  sustaining  without  rupture, 
a  ten.sile  strain  of  at  least  125  lb.  per  sq.  in. 

"The  neat  cement,  when  set,  must  show  no  distortions  or  cracks. 

"The  time  of  setting  will  be  determined  by  a  wire  ^V  in.  in  diameter, 
loaded  so  as  to  weigh  1  lb.  The  cement  will  be  considered  set  when 
this  wire  is  supported  by  the  cement  without  showing  any  indentation. 

"The  t&sts  for  checking  or  cracking  and  for  color  will  be  made 
by  moulding  on  thin  plates  of  glass,  three  cakes  of  neat  cement,  2 
or  3  in.  in  diameter,  and  about  ^  in.  thick  in  the  center,  and  with 
very  thin  edge.s.  One  of  these  cakes,  when  it  is  set  perfectly  hard, 
will  be  put  in  water  and  examined  from  day  to  day  to  see  if  it  leaves 
the  glass,  becomes  distorted,  or  if  cracks  show  themselves  on  the  thin 
edges.  Such  distortions  or  cracks  indicate  that  tlie  cement  is  unfit 
for  use  at  that  time. 

"The  second  of  these  cakes  will  be  allowed  to  set  hard  in  moist 
air,  at  a  temperature  of  about  200°,  for  about  3  hours.     It  will  then 

♦This  discussion  i  of  the  paper  by  I.  Iliroi.  M.  Am.  Soc.  C.  E.,  published  in  December. 
1912,  Proceed inqa,  and  presented  at  the  meeting  of  February  10th.  1913).  is  printed  in 
Proceed iru/s  inordfr  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 
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Mr.    he  placed  in  boiling  water,  and  remain  in  boiling  water  for  a  period 

Davis,  of  from  24  to  48  hours,  and,  at  the  end  of  that  time,  the  cake  should 

still  adhere  to  the  glass,  and  should  show  no  cracks  nor  distortions. 

"The  remaining  cake  will  be  kept  in  air,  and  its  color  observed, 
which  for  a  good  cement  should  be  uniform  throughout,  and  for  a 
Portland  cement,  the  color  should  be  of  a  bluish-gray.  This  cake 
should  also  adhere  to  the  glass  and  show  no  cracks  or  distortions. 

"The  standard  sand  will  be  clean,  dry,  crushed  quartz,  passing  a 
Xo.  20  sieve  and  caught  on  a,  No.  30  sieve. 

"Ordinary,  fresh,  clean  water,  having  a  temperature  between  (Jl) 
and  70°  Fahr.,  will  be  used  for  the  water  mixture  and  immersion  of 
samples.'' 


Fig.  4. 

All  the  tests  were  for  tensile  strength,  and  the  results  obtained 
have  been  plotted  on  Figs.  4  and  5. 

The  curves  shown  on  Fig.  4  are  the  average  strength  curves  of 
several  brands  of  American  Portland  cement.  The  resulting  curves 
are  very  irregular.  The  cement  seems  to  have  acquired  its  maximum 
strength  at  the  end  of  the  second  year  and  then  gradually  decreased 
in  strength  until,  after  a  lapse  of  5  years,  the  tensile  strength  is  less 
than  it  was  at  the  end  of  28  days.  The  tests  of  the  American  brands 
were  only  continued  for  a  period  of  5  years. 
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Tlio  avenifie  results  of  .scvon  brands  ot"  forcifni  cenu'iits  aro  i)lotted  Mr. 
on  Fig:.  5.  Eliminatinfj;  the  7-  and  iJS-<la.v  tests,  it  will  1)0  seen  that 
the  neat  cement  reached  its  maximum  strength  at  the  end  of  5  years, 
after  having  passed  through  a  minimum  at  the  end  of  4  years.  The 
strength  of  the  cement  at  the  end  of  the  tenth  year  is  only  17  lb.  less 
than  it  was  at  the  end  of  the  fifth  year.  The  strength  curve  for  a 
mixture  of  one  part  cement  and  two  parts  sand,  if  the  7-  and  28-day 
tests  are  eliminated,  shows  a  maxim\im  at  the  end  of  the  first  year, 
again  a  minimum  at  the  end  of  the  fourth  year,  with  a  continuation 
of  the  increase  in  strength  through  the  fifth  year,  until  the  tenth 
year  is  reached,  when  it  was  only  37  lb.  less  than  at  the  end  of  the 
first  year.  Unluckily,  no  samples  were  made  for  breaking  between 
tlie  fifth  and  tenth  year,  so  no  idea  can  l)e  formed  as  to  how  the 
Lenient  nctcvl  during  that  time. 


,28 


"  d'tys  1  year  2  3'ear  3  year   4ycaf  5  year  6  year  7  year  8  year  9  year   10 
days  7^    ^ 


Fig.   5. 

All  the  bri(iuettcs  were  moulded  and  broken  by  Mr.  Kobert  ^I. 
Sterritt.  who  has  been  in  charge  of  the  Department  Testing  Laboratory 
since  its  organization,  thus  eliminating  errors  due  to  personal  equation. 

It  is  to  be  hoped  that  ^Ir.  Iliroi  will  continue  his  series  of  very 
interesting  tests,  and  will  publish  the  results  from  time  to  time, 
simultaneously  describing  the  condition  of  the  structures  in  which 
these  cements  were  used. 

L.  J.  Lk  Contk,  M.  Am.  Sue.  C.  E.  (by  letter).— The  writer  is  very       ^ip 
much  interested  in  this  instructive  paper.     It  is  to  be  regretted,  how-  L^Conte. 
ever,  that  the  author  does  not  state  that  all  the  bri(iuettes  were  well 
protected  against  the  hurtful  effects  of  severe  frosts  in  winter,  though 
it  is  natural  to  presume  that  they  were. 


574    DISCUSSION  ox  LONG-TIME  TESTS  OF  PORTLAND  CEMENT     [Papers. 

jyj^  The  experiments  on  sand  briquettes  are  certainly  very  encouraging. 

LeConre.  '^]"i,g  experiments  on  neat  cement  briquettes  in  sea-water,  on  the  con- 
trary, are  very  discouraging,  from  a  theoretical  point  of  view.  In 
view  of  the  fact  that  the  great  German  cement  expert.  Dr.  Michaelis, 
has  clearly  proved  that  the  disintegration  of  Portland  cement  in  sea- 
water  is  due  to  the  chemical  action  of  such  water  on  the  ordinary  con- 
stituents of  the  cement,  it  is  natural  to  suppose  that  some  effect 
is  to  be  expected,  in  the  natural  course  of  events — it  being  purely  a 
question  of  time  in  any  case. 

Taking  the  worst  case  reported:  If  it  can  safely  be  assumed  that 
the  penetration  of  chemical  action  into  the  neat  cement  briquette  is 
proportional  to  the  loss  in  strength  in  a  given  time,  then  it  amounts  to 
approximately  0.32  in.  in  4  years,  and  a  tensile  strength  of  100  lb.; 
then,  10  years  after,  or  14  in  all,  we  still  have  the  same  tensile  strength, 
100  lb.,  showing  that  chemical  action  had  reached  its  extreme  limit  of 
penetration,  namely,  0.32  in.  There  is  certainly  nothing  very  startling 
about  this  result,  and,  moreover,  the  concrete  in  all  harbor  works  is 
necessarily  exposed  to  marine  growths  of  all  kinds,  such  as  barnacles, 
mussels,  oysters,  shell-fish,  and  all  kinds  of  sea-weeds  and  grasses, 
which  soon  form  a  heavy  coating  over  the  entire  water  face  of  all 
the  concrete  work,  and  practically  cvit  off  all  free  circulation  of  sea- 
water.  Hence  the  Avriter  does  not  think  that  the  interesting  results 
reported  furnish  any  information  which  calls  for  serious  considera- 
tion; on  the  contrary,  the  sand  briquettes  stand  up  well  under  the 
14-year  tests,  much  better,  in  fact,  than  one  would  naturally  expect, 
theoretically. 

The  probabilities  are  that  the  penetration  of  chemical  action  into 
the  sand  briquettes,  which  undoubtedly  does  exist,  is  so  very  small 
in  amount  as  to  be  completely  obliterated  by  the  general  slow  growth 
in  strength.  The  falling  off  in  strength  of  neat  cement  briquettes 
between  the  ages  of  5  and  14  years,  when  kept  in  ordinary  air,  is  one 
of  the  mysteries  yet  to  be  explained.  It  seems  to  be  the  experience 
everywhere.  It  naturally  follows  from  the  above  that  low-grade  porous 
concrete  may  have  its  strength  seriously  affected  by  the  chemical 
action  of  sea-water. 

Mr.  Gkorge  G.  Honness,  M.  Am.  Soc.  C.  E.   (by  letter). — Actual  con- 

Honness.  gtruction  seldom  affords  opportunity  to  make  long-time  tests  of  cement, 
consequently,  such  information,  though  valuable,  particularly  in  this 
age  of  concrete  and  the  growing  use  of  reinforced  concrete,  should  be 
secured  by  tests  made  by  manufacturers,  laboratories  of  technical 
schools,  or  municipal  departments  having  the  direction  of  engineering 
works. 

The  construction  of  the  New  Croton  Dam  afforded  an  opportunity 
to  make  long-time  tests,  and  the  writer,   though   not  connected   with 
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ihat  w.ii-k.   hail  access  in  the  records,   and   hclicvcs   tlicin   of  sufficient      Mr. 

,  ,    .  11-1  Honness. 

vauie  and  interest  to  publish. 

Those  records  atford  no  opportunity  U>  cuinparc   Mr.   lliroi's  results 

in  respect  to  conditions  wliich  ohtain  when  tlie  cement  is  used  in  salt 

water,    but    indicate    the   behavior    of    the   cement   and    mortar    under 

normal  conditions.     One  brand  of  Portland  and  three  brands  of  natural 

or  Rosendale  cement  were  used  in   this  work,  during  the  progress  of 

which  the  methods  of  manufacture  changed  from  the  dome  kiln  to  the 

rotary  kiln.     Practically  all  the  testing  was  done  by  one  man,  which 

fact  eliminates  any  inconsistency  due  to  personal  manipulation.     The 

mortar  briquettes  were  composed  of  1  part  cement  to  2  parts  standard 

sand,  instead  of  the  1:3  mixture  now  prescribed;  the  standard   sand 

was  a  crushed  quartz,  all  of  which  would  pass  a  No".  20  and  be  retained 

on  a  No.  30  sieve. 


jaroo 


Fig.  6. 

Table  2  shows  the  results  of  the  tests,  and  it  will  be  noted  that 
they  represent  the  average  of  a  large  number  of  briquettes.  The  dia- 
jiram.  Fig.  6,  shows  the  results  of  the  tests  graphically.  These  tests 
show  some  interesting  features,  the  chief  of  which  is  that  the  natural 
cement  mortars  show  a  gradual  increase  of  strength  to  the  end  of  the 
period,  and  the  Portland  cement  shows  retrogression  of  strength,  after 
3  years  in  neat  cement  and  after  -i  years  in  1 :2  mortar.  Another  inter- 
esting feature  is  that  after  4^  years  the  natural  1:2  mortar  exceeds  the 
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strtMifftli  of  the  Portland  No.  1.     This  confirms  the  boliof  of  some  of  the      Mr. 

11-  11,.  ....  ,  .  •       Honness. 

older  oii^nipors,  that  the  lasting  (lualities  of  natural  cement  are  superior 

to  native  P<irt lands. 

The  retrogression  of  strength  shown  by  these  tests,  although  it  rep- 
resents only  one  brand  of  Portland  cement,  makes  one  ask:  Is  this  fall- 
ing off  of  strength  continuous,  and  when  does  it  cease?  This  is  of 
especial  importance  when  considered  in  connection  with  reinforced 
concrete. 

The  author's  e.xperinicnts  indicate  that  the  brands  of  cement  used 
bj'  him  continued  to  gain  in  strength  after  an  age  of  10  years.  It  may 
be  that  these  brands  have  the  proper  combination  of  ingredients  to 
assure  a  continual  increase  of  strength,  or  at  least  no  serious  retrogres- 
sion. Unfortunately,  it  is  impossible  for  the  writer  to  give  the  chemi- 
cal composition  of  the  Portland  cement  used  at  the  New  Croton  Dam 
for  comparison  with  the  brands  used  by  the  author. 

It  seems  desirable  that,  from  data  of  this  kind  now  available  or  to 
become  available,  a  determination  should  be  made  of  the  chemical 
combination  in  cement  which  would  assure  that  the  strength  would  not 
fall  below  a  fixed  minimum  after  a  long  period  of  years.  When  the 
proper  combination  has  been  determined,  it  should  be  embodied  in  all 
specifications  for  important  masonry  construction. 
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Til  A    (^EMENT,   AS    MANUFACTUKEl)   AND    USED 
ON  TFIE   LOS  ANGELES  AQUEDUCT. 

Discussion.* 


1>Y  Messrs.  0.  W.  Peterson  and  I>uigi  Luiggi. 


O.  W.  Peterson,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — The  use  Mr. 
of  Haiwee  tufa  cement  in  the  lining  of  about  40  miles  of  ditch  of  Peterson. 
930  sec-ft.  capacity,  during  the  past  3  years  on  the  Olancha  Division 
of  the  Los  Angeles  Aqueduct,  has  given  the  writer  considerable  first- 
hand experience  with  this  product.  This  cement  has  been  used,  not 
only  for  lining  the  ditch,  but  in  building  various  structures,  such  as 
arched  flume  crossings  of  33  ft.  span,  etc.  In  fact,  tufa  cement  "has 
been  used  in  exactly  the  same  manner  as  any  other  cement,  except 
that  account  has  been  taken  of  its  slow  setting. 

This  open  ditch  section  is  excavated  with  long-boom,  power  shovels 
to  as  neat  a  line  as  possible,  but,  necessarily,  in  trimming  the  ditch  to  a 
true  surface  behind  the  shovels,  back-filling  is  generally  required.  In 
such  a  dry  country  as  this,  which  has  an  annual  rainfall  of  only  5  in., 
the  use  of  a  well-compacted  back-fill  was  considered,  and  has  proven 
sufficiently  good  construction. 

Against  this  trimmed  earth  section  the  6-in.  concrete  lining  is 
placed,  without  the  use  of  forms.  The  finished  ditch  is  11  ft.  wide  at 
the  bottom,  with  a  1-ft.  invert,  and  the  side  slopes  are  1  to  1.  The 
depth  of  the  ditch  is  about  13  ft.  The  concrete  side  lining  is  placed 
in  alternate  sections,  12  ft.  wide,  only  2  by  6-in.  board  strips  being 
used  to  support  the  edges  of  the  first  set  of  alternate  panels  put  in. 
Necessarily,  the  placing  of  concrete  on  such  a  steep  slope  without 
forms,  cannot,  even  with  the  best  efforts,  result  in  the  greatest  com- 
pactness. Thus  the  tufa  cement  concrete  is  subjected  to  a  further  test, 
but  again  experience  has  shown  that  the  strength  of  the  slabs  is  suf- 
♦  Continued  from  February,  1913,  Proceedings. 
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ficieiit  to  carry  the  load  even  against  a  support  partly  or  entirely 
of  back-fill. 

The  usual  mixes  of  concrete  have  been  1  to  5  and  1  to  6,  depending 
on  the  aggregates  vised.  Generally,  an  extremely  clean  gravel,  ranging 
from  40  to  75%  of  stone  on  the  i-in.  screen,  has  been  easily  obtained, 
but  at  places  it  has  been  necessary  to  add  crushed  rock. 

The  ditch  is  plastered  with  an  extremely  thin  coat  of  1  to  ''> 
plaster,  and  for  this  puri^ose  tufa  cement  seems  to  be  especially  well 
adapted,  due  largely  to  its  fineness. 

The  temperatures  in  this  locality  range  from  110°  in  summer  to  8° 
in  winter.  A  slow-hardening  cement  must  be  carefully  protected 
at  either  of  these  extreme  conditions.  In  summer,  fresh  work  is 
sprinkled  constantly  for  2  weeks  and  covered  with  boards  or  canvas. 
In  winter,  boilers  are  used  to  furnish  hot  water  for  mixing  purposes, 
thus  turning  out  a  warm  concrete.  This  precaution,  together  with  a 
covering  of  1-in.  boards  or  several  layers  of  canvas,  is  sufficient  protec- 
tion against  frost.  The  plaster  is  also  mixed  with  hot  water  in  winter, 
but  generally  no  plastering  is  done  in  mid-winter. 

From  this  brief  description  of  operations,  one  can  realize  how  dif- 
ficult is  the  test  to  which  the  concrete  for  this  work  is  subjected ;  and 
yet  the  practical  completion  of  this  division  and  the  actual  test 
of  a  full  ditch  of  water  for  the  greater  part  of  20  miles  of  work  for 
2  years'  time  has  proven  that  the  canal  is  water-tight.  As  the  side 
concrete  is  really  made  up  of  .separate  12-ft.  slabs,  slight  joint  lines 
show  when  the  ditch  is  empty,  but  the  expansion  of  the  concrete  due 
to  moisture  closes  these,  as  well  as  other  cracks,  as  the  ditch  is  filled. 
Horizontal  cracks  are  very  infrequent,  and  arise  from  numerous  causes, 
chief  of  which  is  probably  occasional  carelessness  in  back-filling. 
As  a  proof  of  the  imperviousness  of  the  lining,  the  leakage  of  the 
20-mile  section  referred  to  has  been  less  than  a  miner's  inch  per  mile. 
This  new  ditch  has  never  had  running  or  muddy  water  in  it. 

The  concrete  has  no  tendency  to  swell  under  the  influence  of 
moisture,  except  to  such  an  extent  as  all  concrete  expands  in  passing 
from  a  dry  to  a  wet  condition.  This  is  a  most  desirable  property  for 
ditch  lining,  as  it  insures  water-tightness. 

In  order  to  determine  the  value  of  cement  rich  in  tufa,  a  carload 
of  75f*f  tufa  cement  was  obtained  from  Haiwee,  and  300  ft.  of  con- 
crete lining  was  put  in  with  the  usual  mix.  The  laboratoiy  tests 
.showed  that  this  special  tufa  was  very  slow  setting.  Frequent  com- 
parative tests  for  hardness  were  made  of  the  special  75%  tufa  concrete 
and  the  ordinary  50%  tufa  concrete,  using  a  pick  for  the  purpose. 
At  first  the  special  tufa  was  much  the  softer,  but  as  weeks  went  by 
the  two  products  approached  the  same  degree  of  hardness.  At  the 
last  visit,  when  the  age  of  both  concretes  was  10  weeks,  there  was  but 
little  difference  in  hardness.  In  fact,  two  visiting  engineers  were 
unable  to  detect  any  difference.     This  test  seems  to  be  proof  of  the 
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value  of  Kaiwcc  tufa.     There  are  no  perceptible  cracks  or  indications       Mr. 

l*Gt4*rson 
of  disintegr;iti(Hi  in  the  TT)*^,    tufa  cement  concrete.     It  will  he  watched 

with  ;i  trrcnt   <1imI   df   intcrot. 

lu  the  lining  ut'  upi'ii  (•.•iii;il>.  wiiero  proper  care  can  be  taken  of  tlie 
fresh  concrete,  slowness  of  hjir<lening  is  no  inconvenience.  A  saving 
of  from  40  to  60%  in  the  cost  is  sufficient  consideration  to  warrant  the 
extensive  use  of  tufa  cement.  No  doubt  the  use  of  long-boom,  power 
shovels  to  excavate  canals,  and  the  lining  of  the  section  with  tufa 
cement  coucn^te  could  have  wide  application  in  the  economical  build- 
ing- of  iiijiiiy  large  irrigation  cliaiuicl.s,  resulting  in  a  great  saving  of 
water  now  lost  by  seepage,  and  consequently  a  large  extension  of  irri- 
gated areas. 

About  twenty-five  cars  of  straight  ^lonolith  cement  have  been 
used  at  times  when  the  Haiwee  mill  could  not  supply  the  demand. 
Concrete  made  with  this  cement  sets  faster,  but,  as  far  as  has  been 
observed,  it  shows  no  advantage  in  ultimate  hardness  and  strength 
over  that  made  with  Haiwee  tufa. 

A  comparative  test  was  made  with  blocks  of  tufa  cement  concrete 
in  the  strongly  alkaline  waters  of  Owens  Lake  and  in  fresh  water. 
On  removal,  the  concrete  block  which  had  been  in  the  lake  water 
(i  months  was  sound  and  apparently  unaffected  by  the  alkalis.  It  was 
not  different  in  appearance  from  the  block  which  had  been  in  fresh 
water.  However,  this  is  not  considered  conclusive,  as  only  from  careful 
and  extended  tests  can  a  thoroughly  reliable  conclusion  be  reached. 

Lrun  Lrici;!.  M.  Am.  Soc.  C.  E.  (by  letter). — From  time  immemo-     Mr. 
rial,  pozzohnia,  which  is  a  variety  of  tufa,  has  been  used  in  Italy  for  -^^^s^- 
])rcparing  mortar  capable  of  setting  under  water. 

The  usual  proportion  is  one  volume  of  slaked  lime  and  two  volumes 
of  pozzolana,  mixed  very  intimately.  Generally,  the  mixing  is  done 
by  hand,  but.  lately,  it  has  been  done  by  machinery,  which  grinds  the 
pozzolana  more  finely  and  mixes  it  more  intimately  with  the  lime. 
In  this  latter  case  the  mortar  is  far  superior,  and  sets  more  quickly, 
than  when  the  mixing  is  done  by  hand.  This  is  because  the  machinery 
makes  a  much  more  intimate  mixture  of  the  ingredients,  and  the  silica 
of  the  pozzolana  can  act  more  directly  and  quickly  on  the  hydrated  lime. 

All  the  harbor  works  by  the  Romans,  which  have  lasted  until  now, 
for  instance,  that  at  Porto  Trejano,  at  Porto  d'Anzio  near  Rome, 
and  Porto  Adriano  near  Bari,  were  built  with  mortar,  either  for 
nuisonry  or  for  concrete,  made  as  indicated;  and  even  now  all,  or 
nearly  all,  sea  works  in  Italy  are  made  in  the  same  way,  and  always 
with  excellent  results. 

However,  pozzolana  has  one  drawback:  it  sets  very  slowly,  from 
10  to  15  days  in  summer — when  the  heat  accelerates  the  chemical  reac- 
tion of  pozzolana  on  lime — to  from  15  to  30  days  in  winter.  As  it  never 
freezes  in  Italian  harbors,  construction  work  is  carried  on  tliroughout 
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Mr.     the  winter,  but,  during-  that  season,  the  setting  of  the  mortar  is  very 

Luiggi.     , 

slow. 

For  accelerating  this  setting,  Portland  cement,  in  the  proportion 
of  100  to  200  kg.  per  en.  m.  of  pozzolana  concrete,  is  often  used.  The 
setting  then  takes  place  in  24  hours,  or  even  less,  and  thus  the  con- 
crete stands  better  the  washing  of  waves,  when  it  is  laid  under  water 
or  is  used  for  bag-work. 

This  concrete  has  always  stood  perfectly  the  chemical  action  of 
salt  water,  as  the  silica  of  the  pozzolana  neutralizes  all  the  free  lime, 
which  is  inevitable  even  in  the  best  Portland  cement.  There  is  even 
an  excess  of  silica,  which  makes  the  mortar  rather  acid — not  basic — 
and  thus  the  action  of  the  sulphate  of  magnesia  of  the  sea-water  is 
better  counteracted. 

The  necessity  of  having  a  mortar  of  greater  resistance,  and  more 
rapid  setting  qualities,  however,  has  induced  Italian  harbor  engineers 
to  adopt  Portland  cement  mortar  and  concrete.  The  writer  was  perhaps 
the  first  to  use  it  in  1882  in  some  parts  of  the  Harbor  of  Genoa.  In 
those  days,  as  Portland  cement  was  rather  a  novelty  for  Italian  engi- 
neers, the  mortar  was  made  rather  rich  in  cement,  at  least  in  the  pro- 
portion of  1  cement  to  2  of  fairly  graduated  sand  with  from  30  to  35% 
of  voids,  and  often  even  1  to  1.  These  mortars,  and  the  concretes  made 
with  them,  have  stood  the  action  of  salt  water  very  well.  On  the  other 
hand,  with  mortars  made  afterward,  with  a  smaller  proportion  of 
cement,  or  with  sand  rather  fine,  that  is,  with  more  than  35%  of  voids, 
the  results  have  been  bad,  and,  in  some  cases,  disastrous.  This  the 
writer  attributes  to  the  porosity  of  the  mortar,  which,  under  the  shock 
of  waves,  or  the  action  of  tides,  permits  the  salt  water  to  penetrate  and 
percolate  through  the  mortar  and  decompose  it.  On  the  other  hand, 
when  the  mortar  is  rich  in  cement,  and  as  impermeable  as  it  is  possible 
to  make  it,  the  action  of  salt  water  is  nil,  or  at  least  so  much  dimin- 
ished as  to  cause  no  bad  consequences. 

'Jlierefore,  the  writer  always  recommends  his  engineers  to  use  at 
least  10%  more  Portland  cement  than  the  quantity  necessary  to  fill  all 
the  voids  of  the  sand,  and  the  extra  expenditure  for  cement  is  only 
a  very  small  fraction  of  the  cost  of  the  mortar  or  of  the  concrete,  and 
absolutely  negligible  in  comparison  with  the  damage  that  might  result 
by  the  decomposition  of  the  mortar. 

There  is  always,  however,  the  latent  danger  of  the  free  lime,  un- 
avoidable in  Portland  cement,  being  acted  on  by  the  sulphate  of  mag- 
nesia, with  the  consequent  decomposition  of  the  mortar.  It  was  for 
this  reason  that  the  writer,  in  1888,  used,  and  has  recommended  ever 
since,*  the  addition  of  some  pozzolana  in  Portland  cement  mortars  and 
concretes,  in  order  to  neutralize  this  free  lime.    In  this  he  took  advan- 

♦"La  Pozzolana  ed  il  Cemento  Armato  nelle  Opere  Marittime,*'  Giornale  del  Genio 
civile,  1910. 
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tage   of   experience   on   the   Roman   sea-works.     If   they   lasted   some     Mr. 
eighteen   centuries,   certainly   the   addition    of   pozzolana   to    Portland  ^"'^^ ' 
cement  will  correct  the  dangers  of  the  free  lime. 

Experience  in  Italy  since  1888  has  been  uniformly  good,  and  now 
pozzolana  is  being  used  for  improving  the  concrete  for  the  construc- 
tion of  a  very  large  graving  dock  in  Venice,  which  will  be  850  ft.  long, 
120  ft.  wide  at  the  entrance,  with  40  ft.  of  water  on  the  sill. 

The  composition  of  the  concrete  for  this  verj'  important  work  is 
shown  in  Table  16.  ^^^^^^  ^^^ 


Components  for  1  cu.  m. 
of  concrete. 

Concrete  in  contact 
with  sea-water  for  a 
(bickness  of  about  G  ft. 

Concrete  for 

the  inner  mass  of  the 

graving  doclc. 

Portland  cement,  in  kilogrammes — 

400 

1.50 

450 

1000 

250 
70 

440 

1000 

This  really  gives  a  little  more  than  1  cu.  m.  of  concrete. 

The  practice  of  adding  pozzolana,  or  its  equivalent  in  trass,  or  tufa, 
to  Portland  cement  for  sea-works  is  becoming  rather  common.  It  is 
followed  in  Holland  and  Germany,  and  was  adopted  also  by  the  Jap- 
anese in  the  construction  of  the  Nagasaki  Dry  Dock,  and,  thus  far,  the 
results  have  been  uniformly  good. 

Pozzolana,  or  trass,  or  tufa,  are  volcanic  materials  of  very  little 
cost,  the  transportation  being  the  only  real  drawback  to  their  more 
general  use. 

Besides  neutralizing  the  free  lime  of  Portland  cement  by  the  large 
quantity  of  silica  in  these  materials,  they  tend  also  to  make  the  con- 
crete less  permeable,  by  the  colloidal  action  of  the  alumina  they  contain. 

The  usual  proportion  recommended  by  the  writter  is  about  ^  to  *  of 
pozzolana  for  1  volume  of  cement,  the  higher  proportion  being  for 
Roman  pozzolana,  containing  from  51  to  53%  of  silica,  and  *  for 
Naples  pozzolana,  which  contains  from  62  to  65%  of  silica. 

This  addition  of  pozzolana,  besides  adding  very  little  to  the  cost  of 
Portland  cement  concrete,  makes  it  less  permeable  and  eliminates  the 
danger  of  decomposition  in  sea-water.  The  experience  on  Roman  works 
made  with  pozzolana  concrete  and  exposed  to  salt  water  for  more  than 
eighteen  centuries  is  a  guaranty  of  the  soundness  of  this  practice. 

Thus  the  use  of  tufa  cement,  or  Portland  cement  reground  with 
tufa,  as  practiced  on  the  Los  Angeles  Aqueduct,  is  quite  correct,  both 
from  the  point  of  view  of  cost  and  durability  of  the  work. 

The  mortar  and  the  concrete  will  certainly  be  less  permeable  than 
if  ordinary  Portland  cement  had  been  used,  and  impermeability  is  an 
all-important  condition  in  all  aqueducts,  especially  in  one  of  such 
magnitude  as  that  of  Los  Angeles. 
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John  H.  Gregory,  M,  Am.  Soc.  C.  E. — The  author  has  presented  a  Mr. 
paper  on  a  subject  which  is  of  especial  interest  to  engineers  who  are  '"^^'^''^ 
called  on  to  design,  construct,  or  maintain,  a  system  of  sewers  or  a 
sewage  disposal  works.  Leaky  sewers  are  objectionable  from  many 
standpoints.  It  is  not  the  intention  of  the  speaker  to  mention  all  their 
objectionable  features,  but  to  call  attention  to  one  of  the  most  im- 
portant, that  is,  the  consequent  increased  cost  of  construction,  mainte- 
nance, and  operation.  Duo  to  the  infiltration  of  trround-water,  not  only 
must  the  sewers  be  larger  than  would  otherwise  be  required,  but  also 
the  sewage  disposal  works,  if  the  sewage  receives  treatment  before  final 
disposal. 

The  author  has  opened  a  way  by  wliicli  many  data  on  the  quantity 
of  ground-water  leakage  into  sewers  can  be  obtained  if  each  engineer 
having  any  data  on  tlie  subject  will  contribute  the  same  in  the  form  of 
a  brief  discussion  of  this  paper.  The  author  will  then  have  material 
which  can  be  tabulated  in  concise  form  in  his  closing  discussion,  and 
should  be  of  much  service.  The  speaker  believes  that  many  engineers 
have  some  data  on  this  subject,  but  hardly  enough  to  justify  them  in 
writing  a  paper  thereon,  and,  therefore,  have  not  given  the  information 
to  the  Engineering  Profession. 

With  reference  to  the  author's  headings  under  which  such  data 
should  be  tabulated,  the  speaker  lias  one  or  two  suggestions  to  make. 

*  This  discussion  (of  the  paper  by  John  N.  Brooks.  .Inn,  Am.  Soc  C.  K..  published  in 
De<?emi)er.  I'.U'J,  I'niceedinqs.  and  presented  at  the  meeting  of  February  I'.ith.  l'.U8),  is 
printed  in  Froceettingx  in  order  that  the  views  expressed  may  be  brought  before  all  members 
for  further  discussion. 
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It  would  be  desirable  to  include  a  column  foi*  the  date — the  year  alone 
is  sufficient.  The  engineer  will  then  know  how  recent  is  the  informa- 
tion he  is  examining.  There  should  also  be  a  statement  of  just  how  the 
sewer  was  constructed ;  if  of  sewer  pipe,  cement  pipe,  or  reinforced 
concrete  pipe,  the  lengtlis  of  the  pipes,  whether  of  2,  2i,  or  3-ft.  sec- 
tions, etc.  Similarly,  with  monolithic,  or  other  construction,  data 
should  be  given  as  to  both  horizontal  and  cross-joints. 

The  speaker,  however,  is  especially  interested  in  the  unit  in  which 
the  leakage  is  to  be  reported.  Perhaps  the  unit  most  commonly  used 
is  gallons  per  24  hours  per  mile  of  sewer.  This  is  very  convenient, 
but  it  does  not  go  quite  far  enough — it  takes  into  account  the  length 
of  the  sewer,  but  not  the  diameter.  The  author  presents  a  unit  which 
has  much  to  commend  it,  namely,  gallons  per  24  hours  per  square 
yard  of  inside  surface.  The  unit  is  a  rational  one,  but,  unfortunately, 
is  not  a  very  convenient  one  to  use. 

The  speaker  suggests:  gallons  per  24  hours  per  inch  of  diameter  of 
sewer  per  mile  of  sewer.  A  consideration  of  this  unit  will  show  that 
it  takes  into  account  not  only  length  but  diameter.  He  has  used  it  to 
record  the  leakage  of  water  pipes,  which  have  been  tested  under  his 
direction,  and  has  found  it  extremely  convenient.  It  also  has  the 
advantage  that,  in  designing  a  system  of  sewers,  calculations  of  ground- 
water leakage  can  be  made  very  rapidly. 

To  show  the  application  of  this  unit.  Table  5  is  presented.  This 
has  been  computed  from  the  author's  data  in  Tables  1  and  2. 

TABLE  5. — Infiltration  of  Ground-Water  into  Sewers. 


Item 
No. 


8 
9 
11 
U 
11 

16 

17 


Place. 


(2) 


North  Brookfleld,  Mass 

Rogers  Park,  III 

Altoona,  Pa 

Columbus,  Ohio 


Diam- 
eter, in 
inches. 


(3) 


27 

30 

38% 
3  f  t.  8  ) 

to      >- 
6  ft.  0  i 

42 


Length, 
in  feet 


(4) 


1  5M 
8  976 
6  336 
3  168 
5  016 

47  744 

1  744 


Leakage, 
in  gallons 
per  24  hours 
per  mile 
of  sewer. 


<S) 


17  000 

1  240 

40  814 

H6  51)2 

2H4  000 

7  280 

6  340 


Leakage,  in 

gallons  per 
24  hours 

per  inch  of 
diameter  per 
mile  of  sewer. 


(6» 


1  420 
210 

1  510 

2  890 
6  830 

123 

151 


Item  No.  17  in  Table  5,  gives  the  result  of  a  leakage  test  on  a 
3  ft.  6-in.  by  3  ft.  6-in.  concrete  sewer  of  horse-shoe  section,  built  under 
the  speaker's  direction  at  Columbus,  Ohio,  in  1906.  The  construction 
of  the  sewer  was  in  charge  of  Mr.  E.  A.  Kemmler,  Resident  Engineer, 
and  the  test  \vas  made  under  his  immediate  direction.     This   is  the 
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speaker's  hunihle  contribution  to  the  data  whioh  ho  would  like  to  see      Mr. 
tabulated  in  the  author's  closing  discussion.  fJrcKory. 

It  will  be  seen  from  Table  5  that  the  infiltration  into  the  sewers 
listed  varies  from  123  to  6  830  gal.  per  inch  of  diameter  per  mile  of 
sewer. 

To  illustrate  the  convenience  of  the  unit  suggested  herein,  assume 
that  300  gal.  per  24  hours  i3er  inch  of  diameter  per  mile  of  sewer  is 
a  reasonable  quantity  (but  the  speaker  does  not  care  to  go  on  record  as 
stating  that  this  is  or  is  not  a  reasonable  quantity).  The  leakage 
into  a  sewer,  say,  18  in.  in  diameter,  would  then  be  5  400  gal.  per  24 
hours  per  mile  of  sewer,  a  figure  very  quickly  and  easily  obtained. 

Edward  S.  Rankix,  M.  Am.  Soc.  C.  E. — Ten  years  ago  it  was  the  Mr. 
speaker's  privilege  to  listen  to  a  paper  on  this  subject  by  Mr.  A.  P.  *"  '"' 
Folwcll,  before  the  American  Society  of  Municipal  Improvements.* 
In  that  paper  there  was  a  table  giving  all  the  data  Mr.  Folwell 
was  able  to  collect;  it  included  gaugings  on  sixteen  sewers.  Mr.  Brooks 
gives  seventeen  gaugings,  of  which  six  appear  in  Mr.  Folwell's  paper, 
the  net  total  being  twenty-seven. 

Considering  only  pipe  sewers — to  which  alone  this  discussion  will 
refer — and  omitting  those  in  which  the  leakage  is  only  expressed  in 
terms  of  population  or  percentage  of  capacity,  neither  of  which  units, 
as  pointed  out  in  the  paper,  has  any  direct  bearing  on  the  question, 
there  remain  but  nineteen,  and  even  these  are  so  incomplete  as  to  be 
practically  useless  in  comparing  the  leakage  of  the  several  sewers 
mentioned. 

The  speaker  is  unable  to  agree  with  Mr.  Brooks  that  the  single  unit 
of  gallons  per  100  ft.  of  joint  would  form  an  accurate  basis  for  com- 
parison. Although  this  includes  the  two  factors  of  length  and  diame- 
ter, it  omits  the  highly  important  factor  of  head  of  ground-water  men- 
tioned on  the  first  page  of  his  paper.  The  speaker  would  suggest  that 
the  true  unit  of  comparison  be  expressed  by  the  formula,  n  d^  y  h, 
in  which  n  represents  the  number  of  joints,  d  the  diameter  of  the  pipe, 
in  inches,  and  h  the  head  of  water  above  the  invert.  From  the  data 
available,  it  would  seem  to  be  impossible  at  this  time  to  determine  with 
any  degree  of  accuracy  the  values  of  x  and  y. 

Mr.  Brooks  considers  the  leakage  as  directly  proportional  to  the 
diameter.  Alexander  Potter,  Assoc.  M.  Am.  Soc.  C.  E.,  in  his  report 
on  the  Joint  Outlet  Sewer,  states  that,  from  his  observation,  the  leak- 
age varies  as  the  square  of  the  diameter.  The  speaker  is  of  the  opinion 
that  the  true  value  is  less  than  unity,  approximating  to  the  square 
root  of  the  diameter,  and  that  the  greater  leakage  in  the  larger  pipes  of 
a  system  is  due  to  these  pipes  being  in  most  cases  laid  at  a  lower  level, 
and  consequently  being  under  a  greater  head  of  ground-water.    He  is 

*  "Perviousne.ss  of  Sewers,"  Proceedingn,  Am.  Soc.  Mun.  Impvts..  1903. 
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unable  to  support  this  opinion  by  figures,  but  it  is  reasonable  to  sup- 
pose that  the  leakage  is  not  uniform  throughout  the  joint,  but  is  con- 
fined largely  to  the  weakest  point,  the  few  inches  in  the  extreme  bottom, 
most  difficult  to  make,  and  practically  impossible  to  inspect.  If  this 
theory  is  correct,  the  approximate  value  of  the  term,  d^,  would  become : 

For  an     8-in.  pipe 2|  in. 

12  "       "    3i    " 

18  "       "    4i    " 

24  "       "    5      " 

In  regard  to  the  other  factor,  h,  there  is  abundant  evidence  to  show 
its  importance.  In  soil  which  is  at  all  porous,  every  rain  storm  creates 
or  increases  the  head,  and  the  most  casual  inspection  of  the  flow  in 
most  sanitary  sewers  will  reveal  a  decided  difference  before  and  after 
a  heavy  rain. 


Fig.    1- 

A  gauging  of  about  4  miles  of  8  to  15-in.  pipe  sewer  in  Newark,  in 
March,  when  the  ground  was  saturated  with  melting  snow,  showed  a 
leakage  of  38  000  gal.  per  mile,  while  in  May  only  13  500  gal.  were 
found. 

The  diagram.  Fig.  1,  shows  the  total  annual  rainfall,  in  inches,  and 
the  estimated  average  daily  leakage,  in  gallons  per  mile,  on  the  Newark 
sections  of  the  Joint  Outlet  Sewer  for  the  past  eight  years.  Automatic 
records  are  kept  of  the  daily  flow,  and  the  leakage  was  obtained  by 
deducting  from  the  total  a  quantity  equal  to  500  gal.  for  each  house 
connection.  This  is  close  to  the  actual  quantity,  as  found  in  the  dryest 
section  of  the  sewer. 

It  will  be  noted  that  the  curves  follow  each  other,  showing  clearly 
the  close  relationship  between  leakage  and  ground-water.    In  the  speak- 
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er's  opiniuii,   iIr-  i-o-offieient,  y,  would  apiirnxiinnto  unity,  so  that  the      Mr. 
c  1  111  II  Kankin. 

forimila  would  beconic  n  h  ^Jd. 

Although  this  formula  is  believed  to  be  theoretically  correct,  and  is 
useful  in  comparing  the  leakage  in  existing  sewers,  yet,  for  practical 
purposes  in  designing  new  work,  the  more  simple  form,  expressed  in 
gallons  i)er  mile  or  per  acre,  is  to  be  preferred. 

Kknxeth  Allkn,  ^r.  Am.  Soc.  C.  E. — In  designing  a  system  of  Mr. 
sewers,  it  is  often  difficult  for  tlie  engineer  to  ascertain  what  allow- 
ance should  be  made  for  ground-water.  The  speaker  believes  that  it 
is  high  time  that  those  who  have  the  opportunity  to  note  the  conditions 
affecting  the  flow  due  to  infiltration  do  this  for  thf  benefit  of  the 
Profession. 

Data  up  to  the  present  have  been  expressed  generally  in  volumes 
per  mile  of  sewer,  or  per  capita  daily,  but  such  all-important  elements 
as  head  of  subsoil  water,  perviousness  of  the  gniuiid.  and  the  size  and 
character  of  the  sewer  itself,  are  either  ignored  or  stated  in  such  a 
general  way  as  to  be  of  little  value. 

There  are  those  who  believe  that  sewers  laid  in  a  porous  soil,  above 
the  level  of  the  ground-water,  may  be  expected  to  lose  an  ajipreciable 
proportion  of  their  contents  by  leakage,  so  that,  instead  of  making 
an  allowance  for  infiltration,  one  should  more  properly  make  a  deduc- 
tion in  the  estimated  flow  due  to  such  leakage.  The  speaker  believes 
such  conditions  to  be  exceptional,  and  that  the  ordinary  pores  left  in 
well-made  joints  will  gradually  clog  up;  thus  far,  however,  there  ap- 
pears to  be  no  consensus  of  opinion  on  the  subject. 

It  is  desirable  to  forecast  sewage  volumes  as  closely  as  possible,  in 
order  to  avoid  spending  money  unnecessarily  on  sewers  which  will  be 
too  large,  on  the  one  hand,  and  from  danger  of  damage  due  to  backing 
up  of  sewage  if  the  sewers  are  too  small,  on  the  other.  In  any  case,  ex- 
cessive infiltration  should  be  prevented,  as,  it  not  only  increases  the 
first  cost  of  the  sewers,  but,  if  the  sewage  is  to  be  pumped  or  treated, 
it  may  increase  the  annual  charges  by  a  very  large  sum. 

In  Table  2  the  author  attempts  to  standardize  the  data  relative  to 
infiltration.  This  is  a  move  in  the  right  direction.  The  speaker  would 
suggest,  however,  the  addition  of  a  column  headed  "Depth  of  Invert 
below  Ground-Water  Level,"  an  important  matter  that  seems  to  have 
been  overlooked.  The  column,  ''Type  of  Section,"  should  be  omitted, 
as  irrelevant. 

No  mention  is  made  of  one  of  the  most  prolific  sources  of  in- 
filtration, namely,  the  intersection  of  the  sewer  barrel  with  junc- 
tions, slants,  and  bulkheads,  iloreover,  house  connections,  if  not 
laid  with  unusual  care,  are  much  more  likely  to  contain  imperfect 
joints,  and  even  fractures,  than  the  sewer  itself,  and  their  frequency, 
therefore,  is  an  important  consideration  in  estimating  the  quantity  of 
ground-water  to  be  expected. 
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During  storms  and  thaws  an  appreciable  quantity  of  surface  water 
may  be  admitted  through  perforated  manhole  covers.  In  the  case  of 
the  Joint  Trunk  Sewer  of  Essex  and  Union  Counties,  New  Jersey, 
this  was  estimated  to  enter  at  the  rate  of  about  1  600  gal.  per  manhole 
daily.* 

With  a  system  of  well-constructed  sewers,  the  initial  infiltration  is 
likely  to  decrease  as  the  pores  and  crevices  in  the  joints  gradually  be- 
come clogged  by  silt  or  deposits  of  salts,  introduced  by  the  ground- 
water itself  or  contained  in  the  cement  forming  the  joint.  For  exam- 
ple, in  a  pipe  sewer  recently  laid  in  Batavia,  IST.  Y.,  with  a  patent 
gasket  composed  of  cement  and  sand  placed  in  pockets  of  muslin 
dipped  in  glue,  the  infiltration  at  first  was  about  1  000  000  gal.  per  day 
in  31  miles  of  sewer,  or  32  260  gal.  per  mile,  with  the  ground-water 
standing  from  3  to  5  ft.  above  the  pipe;  but  later,  after  connecting 
900  houses  with  the  sewer,  this  rate  fell  to  about  22  580  gal.  per  mile.j 

The  rates  of  infiltration  in  Table  6  are  abstracted  from  discus- 
sions on  the  subject  by  George  T.  Hammond,  M.  Am.  Soc.  C.  E., 
and  the  speaker,:}:  and  may  be  added  to  the  list  given  by  the  author 
in  Table  1. 

TABI.E  G. 


Place. 

Rate  of  Infiltration,  in  Gallons  Per  Day. 

Per  mile  of  sewer. 

Per  capita. 

195  000 
32  500 

43  000 
31  180 

45  875 
48  000 
50  000 
59  510 

40  000 
77  420  to  100  000 
HI  800  to    60  00<J 

100  000 

62.4 

Coticord,  Mass.    18  .V  of  sewers  from  0  lo  16 

65 

156 

Malison.  Wis.    Trunk  sevver.     Dry  weather.. 
Maiden,  Mass.    60%  of  sewers  in  wet  Kround. . 
Marlboro,  Mass 

65  to  70 
144 

Metropolitan  (Boston)  System,   before    mak- 

209 

Peoria,  111.    Vitrified  pipe  with  brick  sewers 

5  m" 

1  320  000 
31  700  to  800  000 

47 

Heading,  Pa 

Westboro,  Mass.  15in.  sewer  in  wet  ground. . 
Worcester,  Mass.     14  gal.  per  day  per  sq.  ft. 
of  interior  brickwork 

Eor  Baltimore,  Md.,  E.  P.  Stearns,  Past-President,  Am.  Soc.  C.  E., 
recommended  from  30  000  to  80  000  gal.  per  mile  per  day,  but  in  the 
actual  design  of  the  system  it  is  understood  that  a  per  capita  rate — 
usually  20  gal.  per  day — was  used. 

It  was  the  opinion  of  the  late  Freeman  C.  Coffin,  M.  Am.  Soc.  C.  E., 


*  Engineering  News,  February  11th,  1905. 

+  Engineering  Record.  November  9th,  1913. 

X  Proceedings.  Nat.  Assoc,  of  Cement  Users.  Vol.  VII.  pp.  690-707. 
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that,  witli  G-in.  pipe,  and  witli  careful  work,  the  infiltration  eoiild  be    Mr. 
kept  down  to  4  000  gal.  per  mile  per  day. 

In  the  case  of  a  large  system  of  sewerage,  it  is  often  more  conveni- 
ent, for  general  purposes,  to  assume  the  daily  volume  of  infiltration 
per  square  mile.  In  the  preliminary  studies  for  the  sewerage  of  Balti- 
more, the  sjioaker  used,  as  suggested  by  the  Consulting  Engineers, 
Messrs.  Rudolph  Tiering  and  Samuel  M.  Gray,  ^feniber.*,  Am.  Soc. 
C.  E.,  the  quantity,  100  000  gal.  per  sq.  mile,  increased  to  750  000 
gal.  in  the  low  areas  bordering  the  water  front. 

More  recently,  in  some  studies  for  the  Metropolitan  Sewerage  Com- 
mission of  New  York,  the  capacity  of  sewers  has  been  estimated  to 
provide  for  450  000  gal.  per  sq.  mile  daily  in  partly  developed  dis- 
tricts and  1 000  000  gal.  per  sq.  mile  in  completely  built  up  terri- 
tory. Assuming  15  miles  of  sewer  per  sq.  mile  in  the  former  case 
and  25  in  the  latter  gives:  for  suburban  areas,  30  000  gal.,  and  for 
urban  areas  40  000  gal.,  per  mile  of  sewer. 

Assumptions  or  results  in  other  cities  are  shown  in  Table  7. 

TABLE  7. 


Louisvillf,  Ky 

New  Orleans.  La 

Peoria.  Ill      (observed) 

San  Francisco,  Cal.    (pipe  sewers) 

San  Francisco.  Cai.    (bnck  sewers) ... 

Union  and  Essex  Cos.,  N.  J.  (observed). 
Washington,  D.  C.  (very  wet  weather).. 
Worcester,  Mass 


Infiltration,  in  jjallons  per  day 
per  square  mile. 


1  250  000 

1  250  000 

50  000  to  IOC  000 

55  300 

166  00(1 

:^.50  000 

620  000 

450  000 

The  quantity  of  infiltration,  especially  for  poorly  laid  brick  sewers 
in  a  pervious,  saturated  soil,  may  be  verj^  great.  The  speaker  recalls  one 
case  where  the  water  spurted  up  through  the  invert  of  such  a  sewer 
in  a  number  of  places  in  jets  at  least  the  size  of  a  pencil.  On  the 
other  hand,  concrete  sewers  may  be  made  practically  impervious  by  the 
proper  proportioning  and  placing  of  the  ingredients. 

Although  such  sewers  will  be  practically  impervious  under  ordinary 
heads,  it  has  been  thought  safer,  in  some  cases,  to  resort  to  water- 
proofing. The  first  3  590  ft.  of  the  West  Low-Level  Interceptor  at 
Baltimore  was  constructed  of  concrete  with  a  4-in.  lining  of  brick. 
Between  the  concrete  and  the  brick  lining  was  placed  membrane  water- 
proofing consisting  of  two  layers  of  10-oz.  burlap  saturated  with 
asphalt.  The  sewer  varied  from  74  to  84  in.  in  diameter,  was  provided 
wnth  numerous  house  connections  aggregating  2  700  ft.  in  length  and 
was  bulkheaded  with  timber  at  the  upper  end.  It  was  laid  on  a 
marginal  street  along  the  water  front  with  the  invert  from  11  to  13  ft. 
below  tide,  and  included  a  section  of  100  ft.  passing  just  below  the 
bed  of  a  tidal  stream.     When  completed,  the  infiltration  amounted  to 
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Mr.    about  16  000  gal.,  or  0.223  gal.  per  sq.  ft.  of  interior  surface,  per  day, 
'^"*°'  probably  half  of  which  leaked  in  around  the  bulkhead. 

With  pipe  sewers,  the  only  trouble,  except  with  fractures,  lies  at 
the  joint,  and  in  wet  ground  such  joints  should  be  made  with  special 
care.  In  yielding  ground,  there  should  be  a  special  foundation,  unless 
the  joint  is  made  of  some  substance,  like  bitumen,  that  will  remain 
to  a  certain  degree  plastic.  For  this  purpose,  the  speaker  has  used 
cement,  kneaded  with  tar  pitch,  with  success.  About  i  mile  of  from 
8  to  20-in.  pipe  laid  in  this  way  was  tested  by  filling  with  water  and 
found  practically  impervious  under  a  head  varying  from  3  to  4  ft. 

In  hard  ground,  a  mixture  of  sulphur  and  sand,  or  "leadite,"  may 
be  preferred. 

Whatever  material  is  used  should  not  be  subject  to  deterioration 
or  be  either  so  plastic  as  to  flow  from  the  joint  or  so  rigid  as  to  crack 
under  the  conditions  in  which  it  is  placed. 

The  entire  subject  is  one  involving  so  many  factors,  some  of  them 
obscure,  that  probably  nothing  closer  than  a  fair  approximation  for 
considerable  lengths  of  sewer  can  ever  be  hoped  for;  and,  for  short 
lengths,  a  larger  margin  for  error  must  be  allowed.  With  a  knowl- 
edge of  the  local  conditions,  however,  and  more  complete  data  regard- 
ing existing  sewers,  the  engineer  should  be  able  to  avoid  any  serious 
error  of  design  due  to  this  cause. 
Mr.  G.  L.  Christian,  M.  Am.  Soc.  C.  E. — The  infiltration  of  ground- 

■  water  into  a  sewer  depends  on  so  many  variable  conditions,  none  of 
which  is  exactly  similar  in  any  two  sewers,  that  it  would  seem  to  be 
quite  impossible  to  establish  a  standard  of  construction  from  which 
to  determine  definitely  the  degree  of  impermeability  of  any  two  sewers 
constructed  in  exactly  similar  ground,  the  depth  of  the  ground-water 
being  the  same  in  both  cases.  It  also  makes  a  great  difference  whether 
the  sewer  is  a  sanitary  one,  pure  and  simple,  or  is  part  of  a  combined 
system.  If  the  former,  it  is  usually  desirable  to  reduce  the  infiltration 
to  a  minimum,  the  joints  being  generally  tightly  caulked  with  oakum, 
then  filled  with  cement  mortar,  and  wound  with  cheese-cloth  to  hold 
the  mortar  in  position  until  it  is  well  set;  spurs  with  loose  covers  are 
the  exception,  rather  than  the  rule.  In  a  combined  system,  the  ends 
sought  are,  in  a  measure,  quite  different,  part  of  its  province  being 
to  lower  the  ground-water  level  permanently;  the  joints  in  pipe  sewers 
are  not  caulked,  being  filled  with  mortar  only.  For  many  years  it  was 
the  custom  in  the  Borough  of  The  Bronx,  New  York  City,  to  put  in 
a  spur  on  all  sewers  every  3  ft.,  except  at  block  intersections.  Some 
years  ago  this  practice  was  changed,  and  the  distance  is  now  6  ft. 
These  spurs  have  loose  vitrified  covers,  and  are  capable  of  lowering  the 
ground-water  level  permanently,  regardless  of  the  impermeability  of 
the  concrete  or  brick,  or  of  the  joints  in  pipe  sewers. 

The  design  of  a   combined  system  of  sewers   is  based,  primarily, 
on  the  intensity  and  duration  of  the  maximiam  rain  storm,  or  on  the 
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average  of  a  series  ul'  lienvy  storms,  in  a  given  locality,  mul  ii  is  cvidcnl, 
therefore,  tliat  the  (luantity  of  ground-water  intih  nil  inn  in  such  a 
design  is  so  small  that  it  heeomes  negligihle.  As  to  the  skill  in  doing 
the  work,  cementing  the  joints,  mixing  and  placing  the  concrete,  and 
the  character  of  the  aggregate,  etc.,  if  one  is  to  depend  on  the  con- 
tractor's opinion,  it  will  he  first-class  in  every  particular.  On  the 
otlui-  hand,  if  the  decision  is  left  to  the  engineers  in  charge  of  the 
work,  there  are  apt  to  be  as  many  opinions  as  there  are  engineers.  The 
character  of  the  trench,  as  to  whetlier  it  is  wet  or  dry,  is  also  a  relative 
term,  and  is  apt  to  be  colored  by  local  conditions,  that  is,  what  would 
be  termed  a  wet  trench  in  a  region  where  ground-water  is  generally 
high,  might  mean  something  quite  different  if  recorded  by  an  engineer 
doing  work  in  a  region  where  the  ground-water  seldom  appears  in  the 
trenches. 

A  little  more  than  ten  years  ago,  the  Sewerage  and  Water  Board  of 
New  Orleans,  La.,  made  some  careful  observations,  from  which  it  was 
found  that  the  actual  infiltration  into  the  sewers  practically  checked 
previous  assumptions — that  the  quantity  of  ground-water  to  be  pro- 
vided for  would  be  equal  to  0.003  cu.  ft.  per  sec.  per  acre,  which  is 
equal  to  1  250  000  gal.  per  sq.  mile  in  2-i  hours.  It  might  be  said,  in 
passing,  that  the  ground-water  level  in  New  Orleans  is  very  high,  and 
all  the  sewers  are  below  it.  On  the  foregoing  basis,  there  would  be 
32  miles  of  streets  in  1  sq.  mile,  assuming  it  to  be  laid  out  in  blocks 
400  ft.  long  and  200  ft.  wide,  with  streets  uniformly  60  ft.  wide.  The 
infiltration,  therefore,  would  average  39  000  gal.  per  mile  per  24  hours. 
This  figure  is  also  used  by  the  Borough  of  Brooklyn,  New  York  City; 
in  the  Borough  of  Queens,  the  assumption  is  75  000  gal.  per  mile  per 
day.  Since  these  observations  were  made,  New  Orleans  has  built  some 
hundreds  of  miles  of  pipe  sewers,  and  as  all,  or  substantially  all,  of  its 
sewage  has  to  be  pumped,  it  is  possible  to  measure  quite  accurately  the 
quantity  of  infiltration.  It  was  the  speaker's  good  fortune  to  witness 
the  laying  of  some  of  the  pipe,  and  he  noted  that  the  utmost  care  was 
taken  to  make  the  work  water-tight.  It  was  also  noted  that  spurs  were 
put  in  on  each  side,  every  30  ft.,  opposite  vacant  property,  the  covers 
being  tightly  cemented  inside  the  bell.  Notwithstanding  the  care  used, 
there  is  still  considerable  infiltration,  the  actual  (puiutity  being  shown 
in  the  following  extract : 

Ground- Water  Flow,  Station  A.* 

(Jroinid-water  per  mile  of 
Year  beeinning.  sewer,  per  day.  in  gallons. 

1907 55  000 

1908 53  000 

1909   51  000 

1910 51  000 

inil    4SO00 

1912   42  000 

*Twenty-fourth  Semi-aDnual  Report  ot  the  Sewerage  and  Water  Board  of  New  Orleans. 
La.,  p.  100. 
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Mr.  The  author   describes   a   concrete   sewer   in   which   the    infiltration 

amounted  to  0.8  gal.  per  day  per  sq.  yd.  of  interior  surface,  which 
amounts  to  7  300  gal.  per  mile  per  24  hours.  From  the  speaker's  experi- 
ence with  the  construction  of  concrete  sewers,  he  would  regard  this 
as  rather  high,  unless  there  was  some  leakage  at  the  joints,  or  where 
each  day's  work  joins  that  previously  laid;  and  he  suggests  that  a 
careful  inspection  would  find  that  to  be  true. 

In  conclusion,  it  may  be  said  that  the  design  of  a  system  of  sani- 
tary sewers  in  any  town  is  a  law  unto  itself;  and,  in  designing  such 
a  system,  it  is  wise  to  consider  that  the  ground-water  may  have  to  be 
taken  care  of  whether  one  wants  to  or  not.  Indeed,  in  the  early  stages 
of  such  a  system,  with  only  a  few  connections,  and  many  of  the  sewered 
streets  sparsely  populated,  it  is  often  desirable  to  have  many  uncon- 
nected spurs  through  which  water  may  enter,  in  order  to  assist  in 
flushing  the  sewer.  As  the  district  is  built  up  and  the  houses  one  by 
one  are  connected  with  these  spurs,  the  need  for  the  ground-water  will 
cease,  the  house  sewage  taking  its  place.  Coincident  with  the  building 
up  of  the  district,  it  might  be  assumed  that  the  paving  of  streets  and 
of  court  yards  is  taking  place,  which  would  probably  mean  a  correspond- 
ing lowering  of  the  ground-water  and  a  reduction  of  infiltration  into 
the  sewer. 

Mr.  E.  KuiCHLiKG,  M.  Am.  Soc.  C.  E. — A  number  of  useful  suggestions, 

ing.  .^  regard  to  the  form  in  which  data  pertaining  to  infiltration  should 
be  presented,  have  been  made  by  the  preceding  speakers,  so  that  little 
further  remains  to  be  said.  The  principal  factors  are  the  character 
of  the  soil,  the  extent  to  which  it  is  saturated  with  ground-water,  the 
elevation  of  the  surface  of  this  water  above  the  top  of  the  sewer,  and 
the  manner  in  which  the  sewer  itself  is  built.  An  extensive  stratum 
of  sandy  or  gravelly  soil  often  contains  and  yields  a  large  volume  of 
water,  whereas  little  is  delivered  from  clayey  deposits;  and  in  rocky 
strata  seams  are  frequently  encountered  which  deliver  water  very  copi- 
ously. The  quantity  of  water  in  the  subsoil  also  varies  with  the  daily 
and  seasonal  rainfall  and  the  magnitude  of  the  absorptive  territory 
exposed  thereto.  It  is  obvious  that  much  more  ground-water  will  be 
found  in  the  sandy  soil  at  the  bottom  of  a  broad  valley  than  in  a 
similar  soil  on  a  narrow  ridge. 

One  of  the  benefits  usually  claimed  as  resulting  from  a  compre- 
hensive system  of  sewers  in  a  community  is  the  permanent  lowering 
of  the  existing  ground-water  table  to  the  level  of  the  sewers,  thereby 
attaining  dry  cellars  automatically  and  much  less  dampness  of  the  air 
in  dwellings.  Observation  has  proved  that  this  claim  is  well  founded, 
and  that  in  most  cases  shallow  wells,  in  premises  adjacent  to  streets 
provided  with  comparatively  deep  sewers,  become  permanently  dry,  even 
when  the  utmost  care  has  been  taken  to  make  the  sewers  water-tight. 
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Various  reasons  for  this  occurrence  have  been  given  in  the  case  of  j^^/^^jj^jj 
sewers  not  equippeil  with  under-drains.  A  common  explanation  is 
that  the  ground-water  escapes  by  Howing  along  the  smooth  exterior 
surface  of  the  main  and  lateral  sewers  and  finally  reaches  the  outfall; 
another  one  is  that  much  less  care  is  given  to  the  construction  of  the 
numerous  small  lateral  sewers,  whereby  the  ground-water  is  enabled 
to  enter  through  many  defective  joints  and  thus  find  its  way  into  the 
well-built  main  sewer;  and  a  third  one  is  that,  in  the  course  of  a  year 
or  two,  many  small  cracks  will  develop  in  the  entire  sewer  system,  in 
consequence  of  settlements  and  unavoidable  changes  of  temperature, 
thereby  affording  the  ground-water  access  to  the  interior.  Each  of 
these  explanations  is  satisfactory  in  some  measure,  but  it  is  more  likely 
that  all  the  causes  mentioned  combine  to  accomplish  the  result. 

In  former  years  it  was  a  frequent  practice  to  build  sewers  with  open 
joints  at  the  bottom  to  admit  the  ground-water.  An  interesting  meas- 
ure of  the  quantity  of  such  infiltration  into  an  extensive  sewer  system 
built  in  this  manner  is  given  by  Ernest  Adam,  Engineer  of  the  Depart- 
ment of  Streets,  of  Newark,  N.  J.,  in  the  discussion  of  a  paper  on  the 
subject  before  the  American  Society  of  Municipal  Improvements,  on 
October  21st,  1903.  He  stated  that  many  of  the  old  brick  sewers  of 
Newark  were  made  without  mortar  joints  in  the  bottom,  the  result 
being  a  sewage  flow  of  48  000  000  gal.  per  day  though  the  water  supply 
of  the  city  was  only  25  000  000  gal.  per  day.  It  may  be  remarked  that 
in  1903  the  population  of  Newark  was  about  268  500,  and  that  on 
December  31st,  1903,  the  total  length  of  all  public  and  private  sewers 
in  that  city  was  198.7  miles*  The  total  area  of  Newark  was  then 
14  976  acres,  of  which  10  679  acres  was  dry  land  surface,  the  remaining 
4  297  acres  being  tidal  meadows  and  water.f  From  these  figures,  it  will 
be  found  that  the  stated  daily  infiltration  of  23  000  000  gal.  of  ground- 
water into  the  sewer  system  of  Newark  corresponds  to  average  rates 
of  85.7  gal.  per  capita,  H5  752  gal.  per  mile  of  sewer,  and  2154  gal. 
per  acre,  or  1  378  401  gal.  per  sq.  mile  of  dry  land  surface,  per  day. 

It  is  reasonable  to  consider  that  the  soil  under  and  adjacent  to 
inhabited  buildings  will  eventually  be  drained  in  some  manner,  either 
directly  by  special  systems  of  tiles,  or  indirectly  by  defective  joints  in 
the  lateral  sewer  pipes;  and  it  is  also  fair  to  assume  that  in  most  cases 
the  ground-water  thus  intercepted  will  be  discharged  into  the  public 
sewers.  The  total  area  of  the  sewered  territory,  therefore,  becomes  a 
factor  that  must  be  taken  into  account,  together  with  the  adjacent  up- 
lands which  may  contribute  to  the  flow  of  ground-water  in  the  populous 
districts.  In  some  cases  much  of  the  flow  from  the  uplands  is  inter- 
cepted by  the  highest  line  of  sewer,  thereby  greatly  relieving  the  satura- 

•  Annual  Report,  Board  of  Street  and  Water  Commissioners.  Newark.  N  J.,  ntOH,  p.  iiS- 
t  TJ.  S.  Census,  Report  on  Cities,  1905.  p.  111. 
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tion  of  the  lower  ground ;  but  in  most  instances  the  sewers  are  built  in 
streets  which  cross  the  contours  more  or  less  at  right  angles,  so  that 
ample  space  is  left  between  such  streets  for  much  of  the  upland  ground- 
water to  flow  down  to  the  lower  districts  and  seek  an  entrance  into  the 
sewers  there. 

Some  notion  of  the  quantity  of  flowing  ground-water  i^er  unit  of 
tributary  area  may  be  gained  from  measurements  of  the  yield  of  nat- 
ural springs  which  have  a  well-defined  water-shed.  Numerous  observa- 
tions of  this  kind  in  central  Switzerland  have  shown  that  the  normal 
minimum  yield  of  such  springs  is  154  gal.  per  acre  of  tributary  water- 
shed per  day,  when  derived  from  the  fine-grained  sandstone  called 
"molasse";  from  four  to  six  times  that  quantity  when  derived  from 
moraines;  and  from  eight  to  ten  times  that  quantity  when  derived  from 
the  gravelly  soils  of  valleys.  Similar  observations  in  Germany*  indi- 
cate a  minimum  yield  ranging  from  154  to  924  gal.  per  acre  of  tribu- 
tary water-shed  per  day;  an  average  yield  ranging  from  462  to  1232 
gal. ;  and  a  maximum  yield  ranging  from  770  to  4  620  gal.  and  upward, 
depending  on  the  nature  of  the  subsoil  and  the  distance  traversed  by 
the  percolating  water.  These  yields  from  flowing  springs  may  also  be 
compared  with  the  observed  dry-season  flow  of  rivers.  In  the  New 
Enghmd  and  Middle  States,  the  least  monthly  flow  of  streams  having 
a  drainage  area  of  more  than  100  sq.  miles  usually  ranges  from  0.10  to 
0.25  cu.  ft.  per  sq.  mile  per  sec,  which  is  equivalent  to  a  yield  of 
from  101  to  253  gal.  per  acre  per  day.  This  quantity  is  less  than  the 
aforesaid  minimum  yield  of  springs,  but  it  must  be  remembered  that 
in  a  considerable  portion  of  a  large  water-shed  the  soil  is  generally 
unfavorable  for  absorption  and  percolation. 

A  better  estimate  of  the  quantity  of  ground-water  that  may  reach 
a  system  of  sewers  is  afforded  by  the  results  of  numerous  land-drainage 
experiments  in  England,  France,  Germany,  and  the  United  States. 
It  was  found  that  the  quantity  of  rainfall  which  would  be  absorbed 
by  the  soil  and  percolate  to  the  under-drains  varied  greatly  with  the 
character  of  the  soil,  the  nature  of  its  surface  with  regard  to  plant 
growth,  the  season  of  the  year,  and  the  magnitude  of  the  rainfall 
during  one  or  more  days.  A  few  references  to  such  data  may  be  of 
interest.  J.  Bailey  Denton,  a  well-known  English  authority,  statest 
that  the  maximum  discharge  measured  by  him  from  the  under-drains 
of  a  large  tract  of  free-soil  land  at  Hinxworth  took  place  in  January, 
and  was  at  the  average  rate  of  0.16  cu.  ft.  per  acre  per  min.,  which 
corresponds  to  1  710  IT.  S.  gal.  per  acre  per  day;  and  Charnock's 
observations,  of  the  discharge  of  field  under-drains  at  Holmfield  dur- 
ing 1842-46,  exhibit  a  maximum  rate  of  0.24  cu.  ft.  per  acre  per  min., 


*  Keilhack.  "  (xrunrlwasser  unci  Quellenkunde,"  Berlin,  1913,  p.  447. 
+  "Sanitary  Engineerins,"'  Loodon,  1883  (?),  p.  53. 
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or  2  5S5  gal.  per  acre  per  day.  French  authoriti&=!,  like  Hervc-Mangon  Mr. 
and  Delacroix,  state  that  the  system  of  under-drains  should  have  a  "^""^^""K- 
capacity  to  remove  a  depth  of  at  least  0.24  in.  of  water  per  day  on 
the  entire  area,  which  corresponds  to  G  517  gal.  per  acre  per  day.  In 
Germany,  the  Silesian  Agricultural  Commission  recommended  that  the 
under-drains  should  remove  not  less  than  2  845  gal.  per  acre  per  day 
from  low-lying  flat  areas,  and  3  noO  gal.  from  higher  flat  areas.  Other 
Oerman  autliorities  on  land  drainage,  like  Vincent  and  Perels,  advise 
the  removal  of  G  983  gal.  per  acre  per  day. 

In  the  United  States  the  subject  of  land  drainage  has  recently 
been  investigated  by  the  Department  of  Agriculture,  and  in  the  re- 
port of  such  observations  in  Illinois  and  Iowa,  published  in  1908,* 
it  is  stated  that  the  tile  under-drains  of  areas  ranging  from  400  .to 
1  040  acres  of  black  open  loam  with  a  clay  subsoil  frequently  gave  a 
maximum  discharge  of  0.16  in.  of  depth  in  24  hours,  or  4  345  gal. 
per  acre  per  day;  also,  that  in  some  cases  the  under-drains  were  en- 
gorged, and  that  it  would  be  better  to  remove  a  depth  of  0.25  in.  of 
water  in  24  hours,  or  G  788  gal.  per  acre  per  day.  It  may  be  noted 
that  the  lines  of  lateral  drains  were  here  from  100  to  250  ft.  apart, 
and  it  was  recommended  that  in  heavier  or  more  clayey  soils  they 
should  be  placed  from  40  to  80  ft.  apart. 

The  foregoing  discharges  from  the  under-drains  of  agricultural  land 
were  all  carefully  measured,  and  can  be  regarded  as  a  good  indication 
of  the  quantity  of  ground-water  to  be  expected  in  the  outskirts  of  a 
city.  The  figures  range  from  1  700  to  7  000  gal.  per  acre  per  day, 
or  from  1  088  000  to  4  480  000  gal.  per  sq.  mile  per  day,  and  relate  to 
surfa.ce  strata  of  ground  from  3  to  4  ft.  thick.  It  is  very  probable 
that  much  larger  quantities  would  be  found  at  times  in  strata  8  ft. 
or  more  in  thickness,  corresponding  to  sewered  territory.  Larger 
figures  would  also  be  obtained  by  using  the  results  of  the  numerous 
percolation  experiments  which  have  been  made  with  lysimeters  of 
small  area.  The  data  submitted,  however,  suffice  to  show  that  much 
water  is  present  in  the  subsoil  after  a  period  of  heavy  rainfall,  and 
that  it  will  enter  the  sewers  under  considerable  head  if  opportunity 
is  offered,  as  in  the  aforesaid  case  of  the  Newark  sewers. 

Two  very  instructive  measurements  of  the  infiltration  into  a  system 
of  earthenware  pipe  sewers  were  made  at  Stamford,  Conn.,  a  number  of 
years  ago.  An  aggregate  of  13.38  miles  of  such  sewers,  ranging  from 
6  to  18  in.  in  diameter,  had  been  laid  in  1888  under  the  direction  of  the 
late  Col.  George  E.  Waring,  Jr.,  in  a  wet  gravelly  soil  under  an  area 
of  746  acres,  or  1.16  sq.  miles,  of  that  city,  and  the  infiltration  was 
measured  in  May,  1889,  when  only  215  house  connections  had  been 
made.     The  quantity  was  found  to  be  885  gal.  per  acre  per  day,  or 

*  Cited  also  in  "  Engineering  for  Land  Drainage,"  by  Charles  Q.  Elliot.  M.  Aiii.Soc.  C.  E., 
Chief  of  Drainage  Investigations,  U.  S.  Dept.  of  Agriculture,  Second  Edition,  New  York, 
1912. 
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Mr.  566  400  gal.  per  sq.  mile  per  day,  or  49  340  gal.  per  mile  of  pipe  per 
Kuichiiiig.  ^gy^  ^^  ^Yie  average.  In  September,  1892,  when  530  house  connections 
had  been  made,  it  was  measured  again  by  Col.  Waring  and  John 
Bogart,  M.  Am.  Soc.  C.  E.,  and  was  found  to  have  increased  to  1  689 
gal.  per  acre,  or  1 080  960  gal.  per  sq.  mile,  or  94 170  gal.  per 
mile  of  pipe  per  day.*  The  reason  for  this  large  increase  is  doubt- 
less that  numerous  joints  had  become  defective,  in  the  course  of 
three  years,  and  thus  facilitated  the  admission  of  the  ground-water. 

Numerous  other  data,  not  given  in  Table  1,  will  be  found  in  two 
papert  on  the  subject  by  Mr.  A.  P.  Folwell  and  E.  D.  Kich,  M.  Am. 
Soc.  C.  E.  In  Mr.  Folwell's  paper  it  is  stated  that  in  many  sewer 
systems  the  infiltration  is  from  50  to  100%  of  the  volume  of  house 
wastes;  also  that  in  Boston,  Mass.,  Howard  A.  Carson,  M.  Am.  Soc. 
C.  E.,  estimated,  from  extensive  measurements  of  the  flow  in  the  main 
sewerage  system  in  1889,  that  the  infiltration  was  at  the  rate  of  45  gal. 
per  head  of  population  per  day,  and  in  Maiden,  Mass.,  and  Providence, 
R.  I.,  it  was,  respectively,  65  and  47  gal.  per  head  per  day.  It  is  also 
stated  in  the  same  paper  that,  in  a  length  of  about  4  000  ft.  of  brick 
sewer  in  East  Orange,  N.  J.,  the  rate  of  infiltration  was  570  000  gal. 
per  mile  per  day,  while  in  21  miles  of  8-in.  pipe  sewer  it  was  only 
about  9  000  gal.  per  mile  per  day;  that  in  Maiden,  Mass.,  it  was 
50  000  gal.  per  mile  per  day  on  the  average  for  38  miles  of  sewer, 
and  that,  if  only  the  length  laid  in  wet  ground  were  taken  into  account, 
it  would  be  83  000  gal.  per  mile  per  day;  that  in  Westboro,  Mass.,  in 
1899,  the  infiltration  into  1  950  ft.  of  15-in.  vitrified  pipe  sewer  was 
489  000  gal.  per  day,  or  at  the  rate  of  1  320  300  gal.  per  mile  per  day, 
and  in  another  section  of  the  same  sewer,  1  060  ft.  long,  it  was  at  the 
rate  of  610  000  gal.  per  mile  per  day;  that  in  New  York  City  the 
infiltration  into  a  system  of  5  miles  of  sewers,  ranging  from  8  to  24  in. 
in  diameter,  was  found  to  be  about  1300  000  gal.  per  mile  per  day; 
and  that,  according  to  a  report  made  in  1900  by  X.  H.  Goodnough, 
M.  Am.  Soc.  C.  E.,  to  the  State  Board  of  Health  of  Massachusetts, 
aboiit  137  miles  of  sewers,  ranging  from  8  to  36  in.  in  diameter,  had 
recently  been  constructed  in  and  near  Boston,  in  which  the  infiltra- 
tion was  at  the  average  rate  of  40  000  gal.  per  mile  per  day  before 
any  buildings  had  been  connected  thereto. 

In  Professor  Rich's  paper  it  is  stated  that  in  a  20-in.  pipe  sewer 
in  Canton,  Ohio,  the  infiltration  was  at  the  rate  of  70  000  gal.  per  mile 
per  day;  and  that  in  a  12-in.  pipe  sewer  in  New  Bedford,  Mass.,  it  was 
17  000  gal.  per  mile  per  day.  These  two  papers  also  refer  to  some  of 
the  other  data  given  in  Table  1.  In  describing  the  sewage  works  of 
Fond  du  Lac,  Wis.,:{:  George  S.  Pierson,  M,  Am.  Soc.  C.  E.,  stated 

*  Engineering  Record,  1892,  II,  p.  247. 

t  Engineering  Record,  November  Tth,  1903,  p.  564,  and  October  1st.  1910.  p.  377.  re- 
spectively. 

t  Engineering  lV('irn,  MayS2d,  1902,  p.  411. 
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that  the  soil  in  which  the  sewers  were  laid  was  a  very  retentive  red  Mr. 
clay,  and  that  the  infiltration  into  the  new  24-in.  vitrified-pipe  outlet 
sewer  was  carefully  measured  before  the  old  sewers  were  connected 
thereto.  This  new  sewer  had  been  laid  below  the  level  of  low  water  in 
the  river,  and  was  a  little  more  than  7  000  ft.  lonp.  The  infiltration 
was  found  to  be  less  than  3.0  cu.  ft.  per  min..  and  was  regarded  as 
very  slight.  From  these  figures  we  obtain  in  said  24-in.  pipe  a  rate  of 
24  370  gal.  per  mile  per  day. 

In  Table  2,  Item  No.  16.  the  author  gives  the  average  rate  of  infiltra- 
tion into  a  reinforced  concrete  trunk  sewer,  47  744  ft.  long  and  ranging 
from  3.67  to  6.00  ft.  in  diameter,  as  being  O.S  gal.  per  day  per  sq.  yd. 
of  inside  surface.  This  information  is  interesting,  but  it  should  be 
supplemented  b.y  naming  the  locality  and  describing  the  nature  of  the 
subsoil  along  the  route.  It  would  also  have  been  useful  if  the  author 
had  stated  explicitly  that  the  aggregate  interior  surface  of  that  sewer 
was  82  123  sq.  yd.,  and  that  the  measured  infiltration  was  about  65  700 
gal.  per  day,  or  at  an  average  rate  of  7  266  gal.  per  mile  per  day,  which 
he  leaves  his  readers  to  ascertain.  In  comparison  with  the  other  obser- 
vations cited  herein,  this  rate  of  infiltration  is  extremely  low,  and  indi- 
cates either  great  water-tightness  of  the  concrete,  or  an  unusually  dry 
subsoil  at  the  time  of  measurement. 

Reference  was  made  in  the  foregoing  to  the  probable  increase  in 
the  quantity  of  infiltration  in  the  course  of  time.  This  is  to  be  ex- 
pected, as  small  settlements  of  a  sewer  usuall,y  occur  in  soft  ground, 
whereby  cracks  are  produced.  In  the  case  of  large  pipes,  such  crocks 
are  often  due  to  the  rapid  settlement  of  the  back-fill  after  a  thorough 
saturation  with  water.  The  speaker  has  seen  many  miles  of  pipe  sewer 
laid  truly  to  line  and  grade  originally,  and  has  found  them  after  ten  or 
more  years  showing  numerous  irregularities  of  both  line  and  grade,  as 
well  as  manj'  fractures.  The  same  is  also  true  of  large  brick  and  con- 
crete sewers.  In  structures  of  this  kind  in  wet  ground,  few  have  ever 
been  built  that  did  not  exhibit  considerable  infiltration  in  the  outset, 
and  it  is  not  likely  that  they  became  tighter  subsequently  if  the  external 
head  of  water  remained  unchanged.  Cracks  are  likewise  formed  by  the 
unavoidable  contraction  of  the  material  when  the  temperature  is  low- 
ered for  a  long  period.  It  must  be  presumed,  therefore,  that  the  infiltra- 
tion into  old  sewers  will  be  greater  than  into  new  ones,  other  external 
conditions  remaining  the  same. 

The  subject  is  important,  notwithstanding  that  it  has  been  treated 
very  briefly  in  most  textbooks  on  sewerage.  It  becomes  specially 
prominent  in  a  separate  system  when  the  sewage  has  to  be  pumped 
or  treated  in  disposal  works,  and  much  of  the  initial  capacity  of  the 
pipes  is  taken  up  by  infiltering  ground-water.  It  is  hoped,  therefore, 
that  the  author  will  succeed  in  eliciting  and  arranging  in  convenient 
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Mr.  form  many  additional  trustworthy  data.  The  proposition  to  estimate 
Kuichhng.  ^j^g  infiltration  by  the  square  yard  of  interior  surface  is  good,  but  it 
will  probably  be  more  convenient  to  express  it  in  terms  of  per  foot 
of  diameter  and  a  length  of  100  ft.,  or  even  1  000  ft.  In  any  event, 
the  nature  of  the  subsoil  and  the  height  of  the  ground-water  surface 
above  the  top  of  the  sewer  should  be  given,  together  with  the  date  of 
the  observation,  and  a  brief  description  of  the  construction,  and  its  age. 
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HYDROLOGY  OF  THE  PANAMA  CANAL. 

Discussion.* 


By  Henry  L.  Abbot,  Esq. 


Henry  L.  Abbot,  Esqj  (by  letter). — Mr.  Saville  has  made  an  Gen. 
interesting  and  valuable  contribution  to  the  technical  literature  of  the  ^  ^°*' 
Panama  Canal.  He  has  had  a  prominent  part  in  directing  the  meteoro- 
logical and  hydraulic  investigations,  and  the  results  set  forth  in  detail 
in  this  paper  will  command  general  attention.  Such  records,  covering 
one  more  of  the  greatest  known  floods  of  the  Chagres,  would  have 
been  of  great  service  in  the  studies  which  determined  the  character 
of  construction  to  be  adopted — whether  with  lake  and  locks,  or  at  sea 
level.  The  contours  of  the  bed  of  the  lake  and  the  area  of  the  water- 
shed were  then  known  only  approximately,  and  the  statistics  as  to 
rainfall  and  evaporation  were  much  less  complete  than  at  present.  It 
is  pleasing  to  note  that  the  new  data  confirm  the  conclusions  and  plan 
finally  adopted,  and  set  at  rest  any  doubts  as  to  the  sufficiency  of  the 
water  supply  for  all  the  operating  needs  of  the  Canal;  and  this 
without  resort  to  the  expedient  of  a  reservoir  above  Alhajuela,  to 
conserve  the  excess  of  flow  in  the  rainy  season  which  otherwise  might 
go  in  part  to  waste  over  the  spillway. 

It  may  be  interesting  to  note  that  such  a  reservoir  formed  an 
essential  element  in  the  plan  adopted  by  the  New  French  Company, 
in  order  to  augment  the  water  supply  afforded  by  the  lake  to  be  formed 
by  the  proposed  dam  at  Bohio,  a  lake  storing  a  much  smaller  volume 
than  Lake  Gatun,  but  which  financial  reasons  compelled  the  Company 
to  adopt,  as  the  Old  French  Company  had  already  excavated  a  sea-level 

♦  This  discussion  (of  the  paper  by  Caleb  Mills  Saville,  M.  Am.  Soe.  C.  E.,  published  in 
January,  1913,  Proceeaings,  and  presented  at  the  meeting  of  March  5th,  1913),  is  printed  in 
Proeeedingy  in  order  that  the  views  expressed  may  be  brought  before  all  members  for 
further  discussion. 

t  Brigadier-General,  U.  S.  A.  (Retired). 
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Gen,  canal  to  the  vicinity  of  Bohio.  There  is  a  favorable  site  for  a  masonry 
Abbot.  ^^^  ^  short  distance  above  Alhajuela.,  of  vphich  the  cost  vpas  esti- 
mated at  about  $2  500  000,  and  Mr.  Saville's  surveys  and  observations 
in  the  Upper  Chagres  Basin  have  confirmed  the  opinion  that  a  large 
volume  of  water  may  be  stored  there,  if  it  is  ever  found  to  be  desirable. 
There  are  two  reasons  why  such  an  addition  to  the  present  plan 
may  be  found  to  be  advisable  ultimately.  The  sudden  and  violent 
freshets  which  characterize  the  regimen  of  the  Chagres  will  attain  the 
canal  route  near  Gamboa,  where  the  narrow  arm  of  Lake  Gatun  turns 
nearly  at  right  angles  to  the  direction  followed  by  shipping.  The 
channel  here,  for  about  four  miles,  is  only  500  ft.  wide,  and  it  is  not 
impossible  that  these  sudden  but  brief  rushes  of  water  may  prove  to 
be  more  or  less  annoying.  The  largest  freshets  of  record  at  Gamboa 
have  carried  maximum  volumes  ranging  from  about  65  000  to  Y9  000 
cu.  ft.  per  sec,  with  an  a,verage  flow  during  24  hours  falling  but  little 
below  60  000  cu.  ft.  per  sec.  Their  annual  frequency,  as  well  as  the 
amount  of  rainfall  on  the  Isthmus,  seems  to  be  subject  to  a  progressive 
variation,  ranging  at  Gamboa  during  the  last  40  years  from  about 
10  to  about  35  annually,  with  a  corresponding  duration,  including  large 
and  small  freshets,  ranging  from  about  75  to  about  650  hours.  A  dam 
above  Alhajuela  would  regulate  this  variable  flow  perfectly  and  elimi- 
nate all  objectionable  currents  from  the  route  for  shipping.  The  second 
reason  why  an  Alhajuela  dam  may  become  desirable  is  that,  in  these 
days  of  water-power  development  through  the  agency  of  electricity, 
it  may  be  found  convenient  to  augment  the  quantity  of  water  available 
on  the  Isthmus  by  conserving  the  flow  which  otherwise,  at  such  times, 
might  run  to  waste  over  the  spillway.  Whether  there  will  be  such  a 
demand  can  best  be  decided  when  the  Canal  is  opened  to  traffic. 
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THE  THEOREM  OF  THREE  MOMENTS. 
Discussion. 


By  Messrs.  Milo  S.  Ketchum  and  J.  P.  J.  Williams.* 


MiLO  S.  KETCiirM,  ]\r.  Am.  Soc.  C.  E.  (by  letter). — The  writer  Mr. 
wishes  to  call  attention  to  the  "method  of  area  moments"  for  the  solu-  ketchum. 
tion  of  statically  indeterminate  structures.  This  method,. due  to  Mohr, 
is  much  easier  to  derive  and  shorter  to  apply  to  the  calculation  of  con- 
strained beams  than  either  the  "theorem  of  three  moments"  or  the 
"method  of  least  work."  The  author  is  in  error  in  referring  to  the 
method  of  three  moments  as  being  an  exact  one.  It  is  subject  to 
the  same  limitations  as  the  methods  of  least  work  and  area  moments, 
and  all  methods,  if  correctly  applied,  will  give  identical  results. 

Before  applying  the  method  of  area  moments  to  the  problem  of  the 
plate-girder  draw  span  with  variable  moment  of  inertia,  it  will  be 
necessary  to  discu?s  briefly  the  method.  The  statement  of  the  method 
of  area  moments  is : 

"If  A  and  B  are  two  points  in  a  beam,  the  deflection  of  B  with 
respect  to  a  tangent  at  A,  is  equal  to  the  moment  about  B  of  the  area 
of  the  portion  of  the  equilibrium  polygon  between  A  and  B,  multiplied 

by  — ,  where  E  is  the   iiioduhis  of  elasticitv  of  tlie  material,  I  is  the 

'  sr 

moment  of  inertia  of  the  section  of  the  beam,  and  II  is  the  pole  dis- 
tance of  the  force  polygon  that  was  used  in  drawing  the  equilibrium 
polygon." 

The  proof  of  this  statement,  together  with  applications,  has  been 
given  by  the  writer.t  If  the  equilibrium  polygon  is  drawn  with  a  force 
polygon  having  a  unit  pole,  the  equilibrium  polygon  becomes  the  true 
bending  moment  polygon,  and  the  statement  of  the  principle  is  simpli- 
fied accordingly. 

*  -Author's  closure. 

+  'Steel  Mill  BulldiDgs."  Chapter  XlVa:  and  -Mine  Structures,"  Chapter  [V. 
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Mr. 
Ketchum. 


The  application  of  the  method  of  area  moments  to  a  simple  beam 
with  a  constant  moment  of  inertia,  loaded  with  a  concentrated  load 
and  with  a  uniform  load,  respectively,  is  shown  in  the  following- 
problems  :* 

Simple  Beam. — Concentrated  Load  at  Center  of  Beam. — The  simple 
beam  in  (a),  Fig.  6,  is  loaded  with  a  load,  P,  at  the  center.  The 
bending  moment  diagram  is  shown  in  (5),  and  the  beam  is  loaded 
with  the  bending  moment  diagram  in  (c).  Fig.  6. 

To  find  the  equation  of  the  elastic  curve,  take  moments  of  the 
forces  to  the  left  of  a  point  at  a  distance,  x,  from  the  left  support, 
and  the  deflection  of  the  beam  at  any  point  in  the  beam,  (a),  Fig.  6, 
will  be  equal  to  the  bending  moment  at  the  corresponding  point  in 
the  beam,  (&),  Fig.  6,  divided  by  EI,  and 

PL-x        Px^ 
Ely  =  ^, — (1> 


and 


16 


12 


48  Ely  =  P  (4x^  —  -6  L^x) . 


(2> 


Unit  Load-,  («) 

mm 


Fig.  6. 


The  niaximum  deflection  will  occur  when  x  =  — -  i,  in  Equation 
(2),  or  it  may  be  found  by  taking  moments  of  forces  to  the  left  of 
cc  =  — -  Z/,  to  be 


J  = 


PL"- 

48  EI' 


(3) 


Beam  Uniformly  Loaded. — The  simple  beam  in  (o),  Fig.  7,  ia 
loaded  with  a  uniform  load  of  w  per  linear  foot.  The  bending  moment 
parabola  is  shown  in  (6),  and  the  beam  is  loaded  with  the  bending 
moment  parabola  in  (c).  Fig.  7.  To  find  the  equation  of  the  elastic 
curve,  take  moments  of  forces  to  the  left  of  a  point  at  a  distance, 
X,  from  the  left  support. 

*  Taken  from  "  Steel  Mill  Buildings." 
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The    equation    of   the   bending   nionienL   parabola   with   the   origin       Mr. 

.  .  Ketchiim. 

of  co-ordinates  at  the  Udt   supjiort  is  */  =  —  wLx ioa^\  tlic  urea 

of  a  segment  of  tlie  parabola  is 

.1  =        ii-Lx-  —       iry? (4) 

4  »;  ^  ^ 

and  the  center  of  gravity  measured  back  from  x  is 

x(2L  —  a.) 
-^■=    CX-4X  <-^) 

Taking  moments  of  forces  to  the  left  of  a  point,  x,  and  reducing, 
(ve  have 

•J4  ELj  =  w  (—  .f*  +  2  Ly?  —  iJx) (()) 

The  deflt'ctiou  is  a  niaxiinuni  when  x  =  -     L.   and  may  be  found 

directly   by   taking   moments,   or   may   be   found   from   Equation    (G), 

and  is 

5  loL* 

A  = (  O 

384  EI  ^ 

For  a  beam  with  a  variable  moment  of  inertia,  the  transformed 
beams,  (&),  Fig.  6  or  7,  should  be  loaded  with  the  bending  moment 
divided  by  the  moment  of  inertia,  /,  at  each  point,  or  with  the  bending 
moment  divided  by  EI  at  each  point,  if  both  the  modulus  of  elasticity 
and  the  moment  of  inertia  are  variable. 

The  reaction  of  the  center  pier  of  a  draw  span  of  two  equal  spans 
with  a  constant  moment  of  inertia  and  modulus  of  elasticity,  may  be 
calculated  as  follows: 

Draw  Span  with  Constant  Section. — If  the  total  span  be  2  Z  =  L, 
in  Fig.  6,  the  deflection  of  the  beam  with  span,  L,  loaded  with  a  uni- 
form load,  w  pounds  per  linear  foot,  is 

5  wL* 

J  =  —         (7) 

m\El  ^  ' 

Xow,  if  the  center  reaction,  Ry,  be  considered  as  a  load  acting  up- 
ward, it  will  be  equal  to  a  load,  P,  acting  at  the  center  of  the  span, 
which  produces  a  deflection  equal  to  the  deflection  of  the  simple  beam, 
in  Fig.  7,  loaded  with  a  load,  w.  The  deflection  of  the  beam  loaded 
with  a  load,  P,  is 

1  ^^^ 
J  = (8) 

iMjuatiui:  the  values  of  J  in  Equations  (7)  and  (8)  gives  the  middle 
reaction 
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Mr.       With  the  foregoing  preliminary  statement,  we  may  now  take  up  the 
Ketchum.  g()]^,tjon  of  the  problem  of  the  plate-girder  draw  span  with  variable 
moment  of  inertia,  which  was  solved  by  the  author  in  Section  11. 

Plate-Girder  Draw  Span. — The  span  Z^  =  ?c  =  60  ft.;  the  total 
leng-th  is  /  =  120  ft.  The  girder  is  symmetrical  about  its  center  line. 
The  relative  values  of  the  moments  of  inertia,  I,  at  the  following 
distances  from  the  outside  ends  are: 

0  to  12  ft.,  7  =  1 
12  to  36  ft.,  7  =  1.38 


36  to  48  ft.,  7 
48  to  60  ft.,  I 


1.15 
1.92 


P w  lb.  per  lin.  ft.  ^ 


Solution. — Take  a  simple  beam  with  a  span  of  I  =  120  ft.,  having 
the  same  cross-section  as  the  draw  span,  and  loaded  with  a  uniform 
load  of  w  pounds  per  linear  foot,  as  in  (a),  Fig.  8.  The  bending  moment 
diagram  will  be  a  parabola  with  a  maximum  ordinate  at  the  center, 

icl-  =  1  800  ii\     To  calculate  the  deflection  in  the  beam  due  to 


M 


8 


the  load,  /'■,  load  the   transformed  beam  in  (b),  Fig.  8,  with 


3/ 


The  areas  of  the  segments  of  the  parabola  in  (&),  Fig.  7,  were  cal- 
culated by  Equation  (1),  and  are  as  follows: 

A^  =    4  032  w  (square-foot-pounds.) 
A^  =  19  618  w        "         "  " 

A3  =  17  030  IV 
A,  =  n  100  w        "         "  " 
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The  centers  of  ymvity  of  the  segments  of  the  parabola  were  calcu-       Mr. 
lated  by  Equation  (4)  as  follows:  '^  ^  """' 


The  center  of  gravity  of  A^  about  a  is 

_  .(•  (1240  —  .«•)  _     1-J  (-240  —  12) 
' '  ~  ~720  —  4x     ^       720  —  4S 


4.07  ft.. 


and  the  distance  of  the  center  of  gravity  of  A^  from  the  center  of  the 

beam,  B,  is  48  ft.  +  4.07  ft.  =  52.07  ft. 

The  center  of  grnvity  of  the  part  of  the  dotted  parabola  about  the 

point.  /*.  is 

a-(240  — .r)         ;}0(240  — 36)         ,^„.^ 

X  =   — = —   =    l2./;>  ft. 

720  —  4.r  720  —  144 

The  center  of  gravity  of  the  dotted  A\  about  h  will  be 

(Area  yIj  ^  Area  A2)  12.75  ft.  —  Area  A^  X  28.07 


Ai'ea  A' 2 
31  104  w  X  12.75  ft.  —  4  032  w  X  28.07 


27  072  to 
=  10.47  ft. 

and  the  distance  of  the  center  of  gravity  of  A^^  from  the  center  of  the 
beam,  B,  is  48  ft.  +  4.07  ft.  =  52.07  ft. 

The  centers  of  gravity  of  .4 3  and  A^  are  calculated  in  the  same 
manner. 

The  bending  moment  at  the  center  of  the  beam,  (b),  Fig.  8,  will 
be  E  times  the  deflection  at  the  center  of  the  beam,  (a).  Fig.  8. 

M  =  E   J  =r  i?i  X  ()0  ft.  —  ^1,  X  52.07  ft.  —  A,X  .•'.4.47  ft. 

—  ^3  X  17.88  ft.  —  .4^  X  5.9G  ft. 

=  51  780  w  X  60  ft.  —  4  032  10  X  52.07  ft.  —  li)  018  tr  X  34.47  ft. 

—  17  030  iv  X  17.88  ft.  —  11  100  w  X  5.9(5  ft. 

=  1  850  340  ro   (cubic-foot-pounds) (10) 

Xow  load  the  same  beam  with  a  load  of  1  lb.,  as  in  (a),  Fig.  9. 
The  bending  moment  diagram  is  a  triangle  with  a  center  height  of 

PI 

M  =  —  =  .30  ft-lb.     The  beam  is  loaded  with  the  bending  moment 
4 

divided  by  the  moment  of  inertia  at  each  point. 

The  areas  of  the  different  sections  of  the  moment  diagram  are: 

B^  =    36      (square-foot-pounds.) 
B^  =  208.7         "  "  " 

B'^  =  219.1 
B\  =  168.7 

4 

The  centers  of  gravity  are  as  shown  in  (b),  Fig.  9.  Then  the  bending 
moment  at  the  center  of  the  beam  (h),  Fig.  9,  will  be  E  times  the 
deflection  of  the  beam  (a).  Fig.  9.  due  to  a  center  load  of  1  lb. 
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Mr. 
Ketchum. 


M  =  ^  J'  =  i?i  X  60  ft.  —  ^1  X  52  ft.  —  ^2  X  34.00  ft.  —  B^\X 
17.71  ft.  —B^X  5.78  ft. 
=  632.5  X  60  ft.  —  36  X  52  ft.  —  208.7  X  34.00  ft.  —  219.1   X 

17.71  ft.    —  168.7  X  5.78  ft. 
=  24  137  (cubic-foot-pounds) (11) 


jSTow  the  center  reaction  of  the  draw  span  will  be  equal  to  Equa- 
tion  (10)  divided  by  Equation   (11),  and 

i?.,  =  1  850  340  w  ^  24: 127  w 
=  76.67  w. 
The  left  reaction  is 

B^  =  i  (120  w  —  76.67  w) 
=  21.665  w. 
The  bending-  moment  at  the  center  support  of  the  draw  span  is 

ilfj,  =  21.655  w  X  60  ft.  —  QO  w  X  30  ft. 
=  500.1  w  (foot-pounds). 

This    value    checks    the    value    calculated    by    the    theorem    of    three 
moments. 

The  "method   of  least  work"   should   give   the   same   result   as  the 
"method  of  three  moments"  and  the  method  of  "area  moments." 

WiHiams.  ^-  ^-  J'  WiLLiAMS,  Assoc.  M.  Am.  Soc.  C.  E,  (by  letter).— The  dis- 
cussion contributed  by  Mr.  Ketchum,  explaining  and  applying  the 
method  of  "area  moments,"  raises  two  questions  of  considerable  im- 
portance. The  first  and  most  important  is  the  question  of  the  relative 
merits  and  ease  of  practical  application  of  the  three  different  methods 
which  have  been  used  in  solving  this  particular  problem  of  a  continu- 
ous beam  with  variable  moments  of  inertia.  The  second  is  the  more  gen- 
eral question  of  actual  differences  and  relative  exactness  of  these  meth- 
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ods,  and  also  the  broad  question  of  methods  of  solution  of  statically  .^.Mr- 
•     1  •  \  1  •     1      mi  •  1       ■  1^1-        Williams, 

indeterminate  structures  of  any  kind.     Ihe  writer  also  intends  to  snow 

the  direct  relation  between  the   deflection  formulas  used   analytically 

in  the  paper  and  the  "area  moment"  method  applied  by  ^[r.  Ketchum, 

and  check  some  of  the  particular  equations  by  the  latter  method. 

In  order  to  dotoriuinc  the  relative  amount  of  labor  required  to  solve 
this  problem,  the  writer  has  counted  the  number  of  "operations"  re- 
quired to  make  the  solution  for  the  center  bending  moment,  Mjj,  by 
each  of  the  three  methods.  By  ''operation"  is  meant,  either  a  setting 
and  reading  of  the  slide-rule,  or  an  addition  or  subtraction,  also  mak- 
ing allowance  for  cases  of  relatively  easy  additions  or  multiplications. 
The  "area  moment"  method  applied  by  Mr.  Ketchum  required  105  such 
operations,  the  tabular  computation  made  by  Mr.  Turneaure,  using  a 
formula  in  terms  of  bending  moments,  required  78  operations,  and 
the  three  moment  method,  using  the  writer's  Equation  (43)  and 
Table  1,  required  only  41  operations.  As  the  labor  required  to  draw 
the  diagrams  for  the  "area  moment"  method  is  certainly  as  great  as 
that  of  making  the  tables  in  the  other  methods,  it  is  quite  evident  that, 
for  this  particular  problem,  the  three  moment  method  is  far  superior. 
It  does  not  necessarily  follow  that,  for  other  cases  of  different  loading, 
or  beams  on  more  than  three  supports,  the  same  method  would  still 
be  best,  but  it  is  probable  that  it  would,  provided  the  mathematical 
integrations  were  handled  rapidly. 

The  second  question  concerning  the  exactness  of  these  three  meth- 
ods requires  a  clearer  understanding  of  their  essential  differences.  A 
careful  reading  of  the  first  paragraph  and  the  last  three  paragraphs  of 
the  paper  will  indicate  that  the  term  "exact  method"  used  by  the  writer 
had  reference  only  to  the  three  moment  method  which  included  the 
effects  of  variable  moments  of  inertia,  settlement  of  supports,  and  slope 
of  neutral  curve.  The  principal  object  in  view  in  Section  11  of  the 
paper  was  the  determination  of  the  value  of  the  error  introduced  in 
a  particular  case  of  a  plate-girder  draw  span  when  the  usual  three 
moment  formulas,  neglecting  effect  of  variable  moments  of  inertia, 
were  used;  but,  as  Mr.  Ketchum  has  raised  the  question  of  the  relative 
exactness  of  the  different  "exact"  methods,  and  has  checked  the  writer's 
result  so  closely  by  using  the  "area  moment"  method,  therefore  indi- 
■cating  that  the  2%  discrepancy  in  Mr.  Tumeaure's  result  is  probably 
inherent  in  that  method,  it  is  well  to  consider  the  different  methods 
more  fully. 

Both  ^Ir.  Ketchum  and  ^Ir.  Turneaure  find  the  value  of  the  center 
reaction  by  dividing  the  deflection  of  the  girder  assumed  as  simply  sup- 
ported at  the  ends  (that  is,  with  center  reaction  removed),  and  carrying 
the  given  load,  by  the  deflection  at  the  center  caused  by  the  unit  load  at 
that  point.  They  differ  only  in  the  manner  of  computing  these  deflec- 
tions, !Mr.  Ketchum  using  the  "area  moment"  method  and  equations  for 
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Mr.  area  and  positions  of  centroids,  and  Mr.  Turneaure  using  a  tabular 
Williams,  g^mjuation  method,  assuming  the  differential  length,  dx,  in  the  equa- 
tions to  have  a  finite  value  of  6  ft.  The  formulas  are  essentially  identi- 
cal, but  the  exactness  of  the  latter  method  depends  directly  on  the 
length  assumed  for  dx,  which,  theoretically,  should  be  very  small.  The 
2%  discrepancy  between  the  result  of  this  method  and  the  results  of 
the  other  two  is  probably  due  to  this  fact.  The  three  moment  method 
which  the  writer  used  is  also  essentially  a  deflection  method,  as  it  was 
based  on  the  General  Equation  (41)  derived  by  Equation  (8)  for 
vertical  relative  deflections  of  the  ends  with  respect  to  a  tangent  to 
the  neutral  curve  at  the  center,  ^lathematically,  therefore,  all  three 
methods  are  based  on  the  same  theory  of  deflection  due  to  bending,  and, 
except  for  the  practical  inaccuracies  in  application,  should  give  the 
same  results.  The  vital  differences  in  the  working  equations  used  are 
only  differences  in  details  of  application. 

It  should  be  emphasized,  further,  that  all  these  methods  give  re- 
sults which  are  inexact  because  of  the  neglect  of  shear  deflection  and 
of  shear  distortion  of  the  assumed  plane  normal  sections  of  the  beam. 
Short,  heavily-loaded  girders  with  large  concentrated  loads  are  affected 
very  materially  by  shear  distortion,  as  has  been  shown  in  the  writer's 
discussion*  of  "Faults  in  the  Common  Theory  of  Flexure";  and  the 
common  assumption  of  bending  deflection  only  may  be  largely  in  error 
on  the  side  of  danger. 

All  statically  indeterminate  problems  of  any  character  can  be 
solved  by  either  of  three  general  methods:  (1)  Method  of  Deflections 
or  Deformations,  (2)  Method  of  Equal  Work,  and  (3)  Method  of  Least 
Work.  All  three  methods  give  identical  results  when  restricted  to  the 
same  kinds  of  stress,  but  the  first  uses  expressions  for  deflections  or 
strains,  the  second  equates  internal  work  to  external  work,  and  the 
third   applies  the  principle   of  minimum  internal  work. 

For  example,  consider  the  very  simple  case  of  two  elastic  supports, 
a  and  b,  subject  only  to  the  uniformly  distributed  direct  stress  caused 
by  a  load,  W,  carried  in  such  a  way  that  the  total  elastic  strain  of 
each  support  is  the  same. 

Let  TF"„  =  portion  of  load,  W.  carried  by  a; 

W —  W^  =r  portion  of  load.  W,  carried  by  h; 

EA 
e^  =  — =: —  =  stiffness  of  support,  a  =  total   force   required 

to  produce  total  strain  of  unity  in  o; 

E.A, 
e,^  =  — — '  =  stiffness  of  support  h. 

Then,  the  total  deflection   or  strain 


stiffness 
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1- — Method  of  Deflections. — Equate  deflection  of  a  to  deflection  of  h.      Mr. 

W              W  _  T»'                                                 e  Williams. 

— "^  =  ":  therefore  W„  =  a_  ^Y_ 

-• — Method  of  Equal  Work. — Equate  internal  work  to  external  work. 

«a  ^6  ^ 

oi   (  >»   —  >»„)  =  :  therefore  =^  —    — .  as  iii    1. 

J. — Method  of  Least  Work. — Write  the  expression  for  internal  work 
or  resilience,  R,  and  place  the  first  derivative  with  respect  to  Wa  equal 
to  zero,  to  get  condition  for  minimum. 

1  r  "V     ( T'  - "'..)'  -1 


2   L    c„ 


^0  -• 

y^    =  —     ^ 5- ^     =0:  therefore 

TT^.        TF-Tr„         . 
—  = ^.  as  HI  1. 

All   three  methods  thus  reduce  to  identical  expressions,   and  it   is 

possible  to  reduce  even  more  complex  problems,  solved  by  the  different 

methods,  to  the  same  working  form.     I'sually,  the  method  of  deflection 

is  the  most  direct  and  easiest  of  application.    The  vertical  deflection  of 

beams  can  be  obtained  in  various  ways:    By  the  double  integration  of 

d-y 

the  fundamental  equation.  Jl/"  =  EI ^,  of  the  common  theoiT  of  flex- 

dx- 

'^rr-v  Mn 
ure:  bv  the  applicatiou  ol  Equation  (S!)  for  D^.  =      ">      — — -.v;  or  bv  the 

.^mJ   O      EI 

semi-graphical  method  of  area  moments  applied  by  Mr.  Ketchum.  They, 
also,  are  identical  in  result,  if  properly  applied,  and  differ  only  in  7iianner 
of  procedure. 

In  order  to  show  the  relation  between  the  last  two  methods,  and 
also  explain  directly  the  "area  moment"  method  in  connection  with  that 

used  in  the  paper,  it  is  onlv  necessary  to  note  that  Z),.  =     ■>     —=—  x  can 
^  ..^J  n  EI 

M 
be  found  bv  area  moments,     in  values  ot    „,  be  i)lotted  to  scale  as  ordi- 

EI 

Mn 
nates,  and  the  lengths,  n.  be  laid  off  on  the  x  axis,  then  -^—  will    be    an 

EI 

Mn 
elementary  area,  and ---r.v;  will  be  the  moment  of    that  area  about  the 
EI 
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Mr       orif^iii,  0,  the  dellectins?  point.     Then  1>„  =  deflection  of  O  with  respect 
WUUams.        °  ^  jV  3fn 

to  a  taui^ent  to  the  neutral  curve  at  N  =     J>     — —a- =  total  moment  of 

.^^J  o   Jill 

area  of  diagram  between  limits  O  and  N  about  0.  Similarly,  the  change, 
^•1,  in  the  angle  between  the  tangents  to  the  neutral  curve  at  O  and  at  N 
will  be  the  area  of  the  same  diagram  between  limits  0  and  N ,  l)ecause, 

bv  Equation  (4),  A  =      ">     -f:^  =       ">     elementary  areas  =  areabe- 

.^^J  O     JiiL  .^mmd  o 

tween  limits  0  and  JV.  When  E  is  constant,  and  M  a  continuous  func- 
tion of  .v,n  becomes  dx  for  a  horizontal  beam,  and  if  ^1,=  area  of  a 

M 

diagram  i)lotted  with  —  as  ordinates  and  x.   the  distance  of  its  centroid 

from  the  deflecting  point  as  origin,  then,  for  any  given  limits  : 

A  =  4^,  and  D,.  =  ^^. 
E  '  E 

The  last  equation  is  the  basis  of  the  area  moment  method  applied 
by  ^Ir.  Ketchum.  When  both  E  and  /  are  constant,  the  ordinary  bend- 
ing moment  diagram  area  can  be  used,  because  M  is  the  ordinate  and 
Mdx  an  elementary  area. 

1      r^  A 

Then  A   =  -— r  /      Mdx  =  — ^ 

EI  Jo  EI 

•ivr  A     a; 

and  D„  =   -— —  /      3Idx  .  x 


EI  Jo 


EI 

in  which  A,„  =  area  of  bending  moment  diagram  between  limits  0  and 
N,  and  x,„  =  distance  from  centroid  of  A„t  to  origin  0. 

For  example,  the  integration,     /   "     31    dx    x    in     Equation    (30), 

Jo 

can  be  more  easily  made  by  this  method  of  area  moments  than  by  the 

analytic   integi-ation  as  given.     Using  areas   of  the  bending  moment 

diagram  for  M,  Fig.  5,  noting  its  component  parts  and  that  the  origin 

is  at  A,  the  values  of  A,,,  x„i  will  be: 

For  triangle  due  to  M^. 

^      ^.  3IX       la  MJ\ 


m     m  2  3  6 

For  triangle  due  to  Mi^, 

3L  L    21  2  3L  l\ 


2  3  6 

For  triangle  (not  shown)  due  to  bending  moment  caused  by  concen- 
trated load,  Wf,,  in  simple  beam,  the  area,  A,„,  would  be: 

W  z  I  W  z 

.1,„  =  — ^  (^„  —  2,)  -f  =  — |-^   Oa  —  2„)    and   distance   from 

I    +  z 
centroid  to  origin,  ^1.  is  ,r     =     "         " 


3 
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as  in  Equation  (31). 

For   the   iKirahoIie   bending-   moment   diiigram    (not   shown)    due    to 
unilonn  loail.  «•„.  un  :i  simple  beam,  the  maximum  center  ordinate  being 

-Y>   the   area   ,1„,    =   -^    ^^    ,,  ^     ^:^^   ,,,,    .,.^^    ^    A. 

Tlierefore,  .1       ,•      =    '««'..  Jo.  _    ^^^^i^* 

'"  '  '"  !•_'      2    ~      •24    ' 

as  in  E(iuation  (31). 

The  "equivalent  beam"  loaded  with  the  bending  moment  diagram 
is  a  convenient  method  for  finding,  not  only  the  deflection,  y,  but  the 

(ly 
slope,  -  -,  at  any  point  of  a  given  beam.     As  it  will   be    of   interest 

to  note  how  this  metliod  is  developed  from  the  general  equations 
already  applietl,  consider  the  case  of  a  simple  beam,  with  constant 
E  and  I,  and  loaded  uniformly  with  iv  pounds  per  foot,  as  in  Fig.  2. 
The  end  reaction  of  the  "equivalent  beam"  loaded  with  the  parabolic 
bending  moment  diagram,  as  in  Fig.  7  (c),  is, 

1  r  2      vl'      -]  vl- 

-z     —^ ; —  M  =     ^ ,      =  ^i"^a  between  end  and  center. 

2  L  3       8        J  24 

This  area  between  end  and  center,  hoAvever,  when  divided  by  EI,  is 
the  angle  between  the  tangent  at  the  end  and  the  tangent  at  the  center, 
when  E  and  I  are  constant.  As  the  tangent  at  the  center  is  horizontal, 
the    slope    of    the    end    tangent    with    the    horizontal,    therefore,    is 

— r.  as  already  obtained  analytically  in  Equation  (16).     Thus  slope 

of  tangent  at  .4  equals  reaction  of  "equivalent  beam"  divided  by  EI. 
From  Fig.  2,  the  slope  at  any  point,  X  is: 

dy 

— ^—  =  (slope  of  tangent  at  .1)  —  A^ 
(It         ^  '  X 

reaction  of  "  equivalent  beam  "  —  area  between  A  and  X 
^         .  _ 

shear  of  ''  equivalent  beam  "' 
^  EI  ■ 

Hence  the  slope,  — ^,  at  any  ponit.  A.  is  equal  to  the  shear  at   that 
ax 

l)oint  of  the  "equivalent  beam"  divided  by  EI.  losing  Equation  (4) 
of  Mr.  Ketchum's  discussion  for  the  area  of  the  segment  of  the  para- 
bola in  Fig.  7  (c) : 

,  „         n'lx^  W3^  irx- 

Area  between  A  and  A  =    —  - —  —  — —    =  — ——  (Of  —  4  ./•) 
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.^...^'r.      Therefore  — ^  =  ,77^^—  ^rr^,  (G  Z  —  4  a-) 

Williams.  fix        24  EI       24:  EI 


24:  EI 

which  checks  Equation  (17),  previously  found  in  integration  methods. 
The  deflection,  y,  at  any  point,  X,  Fig.  2,  is  seen  to  have  the  vah;e : 

y  =  (slope  of  tangent  at   ^1)   x  —  deflection  of  X  with  respect  to 
tangent  at  ^4 
reaction  of  '■'  equivalent  beam  " 
^  EI  ^ 

moment  of  area,  A  to  X,  about  X 

bending  moment  of  "equivalent  beam" 
^  EI  ■ 

Using  Xi  =  distance  from  centroid  of  area,  ^4  to  X  from  the  point  X, 
_  x(2l  —  x) 

from  Equation  (5),  given  l)y  Mr.  Ketchum,  there  results  : 

ivf  trx^  ^         ,         x(2l  —  .<•) 

//  =  X (6  1  —  4:  X)  ~ 

^         24  EI  24  El    ^  ^   6  Z  —  4  X 

24  EI-  ^' 

which  checks   the  writer's  Equation    (18),  or   Equation    (6),  with  op- 
posite sign,  as  obtained  by  Mr.  Ketchum. 

This  "equivalent  beam"  method  of  finding  slope  and  deflection  is 
perfectly  general,  and  can  be  applied  to  beams  with  variable  moments 
of  inertia  by  a  simple  modification  of  the  bending  moment  diagram, 
as  already  explained.  The  application  made  by  Mr.  Ketchum  to  the 
plate-girder  draw  span  with  variable  moments  of  inertia,  considered 
in  the  paper  in  Section  11,  is  a  good  illustration  of  this  method  of 
using  an  "equivalent  beam,"  but,  as  already  stated,  it  is  much  more 
laborious  for  this  particular  case  than  the  three  moment  method  giving 
identical  results.  Mr.  Ketchum  could  have  decreased  by  twelve  the 
number  of  operations  required  for  his  solution  by  having  used,  instead 
of  bending  moment  of  "equivalent  beam,"  simply  the  sum  of  the  area 
moments  about  the  end,  as  such  sum  gives  the  deflection  of  the  end 
above  the  horizontal  tangent  at  the  center,  which  is  equal  to  the  center 
deflection  desired  for  this  particular  symmetrical  case. 
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MEMOIRS  OF    DECEASED   MEMJ^ERS. 

Note.  -Memoirs  will  he  repro(liif?i|  in  the  volumes  of  TrKiisaclion.i.  Any  Information 
which  will  aniplify  tlie  records  as  here  printe  I,  or  cDrrect  any  errors,  should  lie  forwarded 
to  the  Secretary  prior  to  the  final  publicatiini. 


DANIEL  SKYMOl  R  BRINSMADE,  M.  Am.  Sw.  ( .  E.* 


Died  September  Ytii,  1912. 


Daniel  Seymour  Brinsniade  was  born  at  Trumbull,  Conn.,  on  Febru- 
ary ITlli,  1845.  He  was  the  youngest  son  of  Daniel  Stiles  BrinsmaHe 
and  Catherine  Mallette  Brinsmade,  his  family  having  resided  continu- 
ally for  more  than  250  years  within  the  limits  of  the  original  town  of 
Stratford,  Conn. 

-Mr.  Brinsniade  received  his  early  education  in  the  public  schools 
lit'  Trumbull  and  at  the  Gunnery  at  Washin^on,  Conn.  He  then  en- 
tered the  Sheffield  Scientific  School  of  Yale  University,  from  which 
he  was  graduated  in  1870. 

Immediately  after  his  graduation,  Mr.  Brinsmade  was  appointed 
Assistant  Engineer  on  the  construction  of  the  dam  across  the  Housa- 
tonic  River  at  Huntington,  Conn.,  for  the  Ousatonic  Water  Com- 
pany. In  1871,  he  was  made  Chief  Engineer  of  the  project,  and  after- 
ward served  successively  as  Secretary  and  Treasurer.  In  1900,  he  was 
made  President  of  the  Company,  which  position  he  held  until  his  death, 
at  Shelton,  Conn.,  after  an  illness  of  nearly  two  years.  In  1891,  the 
old  dam  was  destroyed,  and  Mr.  Brinsmade  had  to  rebuild  the  struc- 
tures and  add  many  new  features  in  order  to  meet  the  conditions  which 
obtained  at  that  time. 

He  made  hydraulic  engineering  his  life  study,  and,  being  an 
authority  on  the  subject,  was  continually  engaged  in  the  con- 
struction of  water  supply  and  water  power  projects.  He  was  widely 
known  as  a  Consulting  Engineer  throughout  New  England  and  New 
York  State;  and  served  as  a  member  of  a  commission  appointed  by  the 
State  of  Maine  to  consider  the  question  of  water-power  development 
in  that  State. 

Mr.  Brinsmade  was  a  genial,  cultured  gentleman,  whose  advice  was 
eagerly  sought  in  business  as  well  as  in  private  life,  and  whose  salient 
characteristics  were  honesty  and  truth.  He  took  great  pride  in  the 
betterment  of  his  home  town,  Shelton,  Conn.,  and  was  closely  con- 
nected with  all  phases  of  activity  within  the  community.  He  served 
the  Borough  in  nearly  every  elective  position  in  its  gift.  He  was  also 
elected  to  the  General  Assembly  as  Representative  and  State  Senator, 
and,  although  a  staunch  Republican,  lie  did  his  duty  in  these  positions 
regardless  of  party. 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  the  Society  Hou^e. 
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Mr.  Brinsmade  was  a  Director  of  the  Shelton  Water  Company,  a 
Trustee  of  the  Griffen  Hospital,  President  of  the  Shelton  School  Board 
for  nearly  twenty-eight  years,  President  of  the  Plumb  Memorial  Library 
Directorate,  and  a  Trustee  of  the  Riverside  Cemetery  Association,  all 
of  which  institutions  he  was  largely  interested  in  establishing  and 
maintaining.  He  was  also  Vice-President  of  the  Home  Trust  Com- 
])any,  of  Derby,  Conn.,  and  a  Director  of  the  Birmingham  National 
Bank.  He  was  a  Member  of  the  Congregational  Church,  of  Shelton, 
and  also  prominent  as  a  Mason  and  an  Odd  Fellow. 

Mr.  Brinsmade  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  February  1st,  1888.  He  was  also  a  Charter  Member 
of  the  Connecticut  Society  of  Civil  Engineers  and  served  as  its  Presi- 
dent in  1907. 


HENRY  FISHER  WHITE,  M.  Am.  Soc.  C.  E. 


Died  October  28th,  1912. 


Henry  Fisher  White,  son  of  J.  Avery  and  Jane  Elizabeth  (Fisher) 
White,  was  born  at  Boston,  Mass.,  on  October  14th,  1851. 

On  the  completion  of  his  education,  Mr.  White,  in  1870,  entered  the 
office  of  Messrs.  Buttrick  and  Wheeler,  at  Worcester,  Mass.,  which  firm 
was  engaged  in  general  city  and  county  practice.  He  also  began  his 
career  as  a  railroad  engineer  about  this  time  as  Transitman  on  the 
Fitchburg  Railroad. 

In  1872,  Mr.  White  was  appointed  Assistant  to  the  Division  Engineer 
of  the  Cairo  and  Vincennes  Railroad  on  the  construction  of  tunnels  and 
heavy  trestles  on  that  road.  He  remained  in  this  position  until  March, 
1873,  when  he  was  employed  as  Transitman  on  a  preliminary  survey 
for  a  local  company  between  Brookfield  and  Kansas  City,  Mo. 

In  June,  1873,  Mr.  White  accepted  the  position  of  Division  Engineer 
on  the  Ware  Branch  of  the  Boston  and  Albany  Railroad,  in  charge  of 
track-laying  and  ballasting  on  old  grades.  In  1874  and  1875,  he  was 
again  engaged  on  general  engineering  work  for  Messrs.  Buttrick  and 
Wheeler,  and  on  surveys  for,  and  the  construction  of,  minor 
roads.  In  September,  1875,  he  was  employed  as  Transitman  on  loca- 
tion, and,  in  February,  1876,  as  Resident  Engineer  in  charge  of  con- 
struction, of  the  Dayton  and  Southeastern  Railway  in  Ohio. 

In  June,  1876,  Mr.  White  was  appointed  Assistant  to  the  Chief 
Engineer  of  the  Burlington,  Cedar  Rapids  and  Northern  Railway,  with 
headquarters  at  Cedar  Rapids,  Iowa.  In  November,  1881,  he  was  made 
Chief  Engineer,  which  position  he  held  until  the  road  was  made  part 
of  the  Rock  Island  System.     During  his  incumbency  as  Chief  Engi- 

*  Memoir  prepared  by  the  Secretary  from  information  on  file  at  tlie  Society  House. 
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nopr,  the  Burlington,  Cedar  Rapids  and  Nortlicrn  R;iilw;i.v  grew  from 
700  to  1  :iOO  miles  of  splendidly  bnilt  and  (Mpiipped  r()a<l. 

When,  ill  1902,  this  road  was  absorbed  by  and  liecanic  part  of  the 
Roek  Island  System.  Mr.  White  was  apjwinted  Engineer  of  Mainte- 
nanee  of  Way  of  the  latter  eonipany,  with  headquarters  at  Chicago, 
111.  He  remained  in  this  position  until  February,  1908,  when  he  retired 
from  active  work.  His  later  years  were  spent  between  his  home  in 
Chicago  and  his  ranch  near  ^lontrose,  Colo.,  where  he  died  from  an 
attack  of  heart  failure. 

On  April  14th,  1880,  ^^[r.  White  was  married  to  Miss  Anna  McCon- 
nell,  of  Cedar  Rapids,  Iowa,  who,  with  two  daughters,  survives  him. 

Mr.  Wliite  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  January  2d,  1890.  He  was  also  a  AFemlier  of  the  Western 
Society  of  Engineers  and  of  the  American  Railway  Engineering 
Association. 


PAPERS   IN   THIS    NUMBER 


KINETIC  EFFECT  OF  CROWDS."  C.  J.  Tilden.  (To  be  presented  April  Kith.  1918. ) 
THE  ABSORPTION  OF  OXYOEN  BY  DE-AERATED  WATER."  Kaui.k  B.  Puklps. 
SOME      EXPERIMENTS      WITH      MORTARS     AND     CONCRETES     MIXED     WITH 

ASPMALl  IC  OILS."       .VuTiii'ii  Taylou   and  Tho.mas  Sa.nuokn.      (To  be  prceuted 

.\pril  IC.tli,  I'.na.  I 

EXPERIMENTAL     DETERMINATION     OF    LOSS    OF    HEAD    DUE     TO    SUDDEN 

ENLARGEMENT    IN    CIRCULAR    PIPES."    W.  H.  Archer. 
COLORADO  RIVER  SIPHON."    Gkorge  Schubinger.    (To  be  presented  May  7th,  l',»13.) 


PAPERS   AND    DISCUSSIONS  CURRENT  IN    PROCEEDINGS 


'  A  Brief  Description  of   a  Modern   Street    Railway   Track  Construction." 

A.   C.    I'oLK Aug.,  1912 

Discussion.     (Autlior's  Closure. ) Nov.,  Dec,  liM2,  Keb.,  Mar.,  1913 

'  State  flnd  National  Water  Laws,  with  Detailed  Statement  of  the  Oregon 

System  of  Water  Titles."     Jou.n   U    Lewis Sept.,  1912 

Discussion.      (Author's  Closure.) Nov.,  Dec,  lfll~.  Jan.,  Mar.,   .  1913 

'  The    Sewickley    Cantilever    Bridge    Over    the    Ohio    River." 

A.  AV.   BiKi .Sept.,  1912 

Discussion Dec.  I!tl2,  Feb.,  1913 

'Tufa  Cement,  as  Manufactured  and  Used  on  the  Los  Angeles  Aqueduct." 

J.  B.  Lippi.NcoTT Oct.,  1912 

Discussion Dec.  1912,  Jan.,  Feb.,  Mar.,  1913 

'The  Economic  Aspect  of  Seepage  and  other  Losses  in  Irrigation  Systems." 

K.  G.  HopsoN Oct.,  1912 

Discussion,     ^.\utllor■s  Closure.) Dec,  1912,  Jan.,  Mar.,  1913 

'Specifications  for   Metal  Railroad  Bridges  Movable  in  a  Vertical  Plane." 

B.  R.  Leffler Oct.,  1912 

Discussion.     (Author's  Closure.) Dec,  1912,  Feb  ,  Mar.,  1913 

'Prevention  of  Mosquito  Breeding."    Spencer  Miller Nov.,  1912 

Discussion Jan.,  Feb.,  Mar.,  1913 

'The  Sanitation  of  Construction  Camps."      Harold  Farnsworth  Gray Nov.,  1912 

Discussion Jan..  Feb.,  1913 

'  Irrigation  and  River  Control  in  the  Colorado  River  Delta."     H.  T.  Cory.. Nov.,  1912 

Discussion Feb..  .Vlar.,  1913 

'Characteristics  of  Cup  and  Screw  Current  Meters:  Performance  of  These 
Meters  in  rail- Races  and  Large  Mountain  Streams;  Statistical  Syn- 
thesis  of   Discharge  Curves."     B.  F.  Groat Dec,  1912 

Discussion Feb.,  1913 

'The  Theorem   of  Three    Moments."      J.  P.J.Williams Dec,  1912 

Discussion.     ( .Vutlior's  Closure.) Mar.,  1913 

'The  Infiltration  of  Qround  =  Water  into  Sewers."    John  N.  Brooks Dec,  1912 

Discussion Mar.,  1913 

'  A  Suggested  Improvement  in  Building   Water-Bound   Macadam    Roads." 

J.   L.   Meem Dec,  1912 

Discussion Mar.,  1913 

'On  Long-Time  Tests  of  Portland  Cement."     I.  Hiroi Dec,  1912 

l>iscussiou Mar.,  1913 

'Hydrology  of  the  Panama  Canal."     Caleb  Mills  Saville Jan.,         " 

Discussion Mar.,         '' 

'Construction  ProbUms,  Dumbarton  Bridge,  Central  California  Railway." 

K.  J.  .Schnkidkr Jan..  " 

'  Experiments  on  Weir  Discharge."     \V.  G.  Stewaro  and  J.  S.  Lonrwell.  .  .Feb., 
'  Shearing   Strength    of    Construction    Joints    In    Stems   of    T-Beams,   as 
Shou  n  by  Tests."     J^ewis  J.  Johnson  and  John  R.  Nichols.     (To  be 

presented  .\pril  2d,  1913  ) Feb.,  '' 

•  Fremantle  Graving  Dock:    Steel    Dam   Construction   for    North  Wall." 

JosHiA  FiELDEN  Ramsbothaji.     (To  be  presented  April  2d,  1913.) Feb.,  " 


PAPERS   IN   THIS   NUMBER 


KINETIC  EFFECT  OF  CROWDS."  C.  J.  Tilden.  (To  be  presented  April  16th.  1913.) 
THE  ABSORPTION  OF  OXYGEN  BY  DE=AERATED  WATER."  Earle  B.  Phelps. 
SOME     EXPERIMENTS     WITH      MORTARS     AND    CONCRETES     MIXED    WITH 

ASPMALTIC  OILS."       Arthur  Taylor  and  Thomas  Sanborn.     (To  be  presented 

April  16th,  1913.) 
EXPERIMENTAL     DETERMINATION     OF    LOSS    OF    HEAD    DUE     TO    SUDDEN 

ENLARGEMENT    IN    CIRCULAR    PIPES."    W.  H.  Archer. 
COLORADO  RIVER  SIPHON."    George  Schobinger.    (To  be  presented  May  7th.  1913.  i 


PAPERS  AND   DISCUSSIONS  CURRENT  IN    PROCEEDINGS 


'  A  Brief  Description  of  a  Modern  Street   Railway  Track  Construction." 

A.   C.   I'OLK Aug.,  1912 

Discussion.    (Author's  Closure.) Nov.,  Dec,  1912,  Feb.,  Mar.,  1913 

'  State  and  National  Water  Laws,  with  Detailed  Statement  of  the  Oregon 

System  of  Water  Titles."    John  H.  Lewis Sept.,  1912 

Discussion.     (Author's  Closure.) Nov.,  Dec,  1913,  Jan.,  Mar.,  1913 

'  The    Sewickley    Cantilever    Bridge    Over    the    Ohio    River." 

A.  W.  BuEL Sept..  1912 

Discui^sion Dec.  1912,  Feb.,  1913 

■Tufa  Cement,  as  Manufactured  and  Used  on  the  Los  Angeles  Aqueduct." 

J.  B.  Lippincott Oct.,  1912 

Discussion Dec,  1912,  Jan.,  Feb.,  Mar.,  1913 

■The  Economic  Aspect  of  Seepage  and  other  Losses  in  Irrigation  Systems." 

E.  G.  HopsoN Oct.,  1912 

Discussion.     ^Author's  Closure.) Dec,  1912,  Jan.,  Mar.,  1913 

'Specifications  for  Metal  Railroad  Bridges  Movable  in  a  Vertical  Plane." 

B.  R.  Leffler Oct.,  1912 

Discussion.     (Author's  Closure.) Dec,  1912,  Feb  ,  Mar.,  1913 

'Prevention  of  Mosquito  Breeding."    Spencer  Miller Nov.,  1912 

Discussion Jan.,  Feb.,  Mar.,  1913 

'The  Sanitation  of  Construction  Camps."     Harold  Farnsworth  Gray — Nov.,  1912 

Discussion Jan.,  Feb.,  1913 

'  Irrigation  and  River  Control  in  the  Colorado  River  Delta."     H.  T.  Cory.. Nov.,  1912 

Discussion Feb.,  Mar.,  1913 

'Characteristics  of  Cup  and  Screw  Current  Meters:  Performance  of  These 
Meters  in  Tail'Races  and  Large  Mountain  Streams;  Statistical  Syn- 
thesis of  Discharge  Curves."     B.  F.  Groat Dec,  1912 

Discussion Feb.,  1913 

'The  Theorem  of  Three  Moments."      J.  P.  J.  Williams Dec,  1912 

Discussion.    (Author's  Closure.) Mar.,  1913 

'The  Infiltration  of  Gronnd^Water  into  Sewers."    John  N.  Brooks Dec,  1912 

Discussion Mar.,  1913 

'  A  Suggested  Improvement  In  Building   Water°Bound   Macadam   Roads." 

J.  L.  Meem Dec,       1912 

Discussion Mar.,       1913 

•  On  Long>Time  Tests  of  Portland  Cement."    L  Hiroi Dec,       1912 

Discussion Mar.,       1913 

'  Hydrology  of  the  Panama  Canal."     Caleb  Mills  Saville Jan., 

Discussion Mar., 

'Construction  Problems,  Dumbarton  Bridge,  Central  California  Railway." 

E.  J.  Schneider Jan., 

'  Experiments  on  Weir  Discharge."     W.  G.  Steward  and  J.  S.  Longwell.  .  .Feb., 
'  Shearing   Strength    of    Construction   Joints    in    Stems   of    T=Beams,   as 
Shown  by  Tests."    Ltwrs  J.  Johnson  and  John  R.  Nichols.     (To  be 
piesented  .\pril  2d,  1913  ) Feb., 

•  Fremantle  Graving  Dock:    Steel   Dam  Construction  for    North  Wall." 

Joshua  Fielden  Ramsbotham.    (To  be  presented  April  2d,  1913.) Feb.. 


NORTHEASTERN  UNIVERSITY  LIBRARIES 


3  9358  00841430  9 


